US 20090192387A1

12) Patent Application Publication (o) Pub. No.: US 2009/0192387 Al

a9y United States

YAO

(43) Pub, Date: Jul. 30, 2009

(54) CONTINUOUS ACQUISITION AND
PROCESSING OF ULTRASOUND COLOR
DATA

(75) Inventor: Linxin YAQ, Renton, WA (US)

Correspondence Address:

MR HOLDINGS (HK) LTD C/O STOEL RIVES

LLP

ATTN: KORY D. CHRISTENSEN

201 S. MAIN STREET, SUITE 1100

SALT LAKE CITY, UT 84111 (US)

(73) Assignee: MR HOLDINGS (HK) LTD.,
Hong Kong (CN)
(1) Appl.No..  12/359,921

(22) Filed: Jan. 26, 2009

Related U.S. Application Data
(60) Provisional application No. 61/023,783, filed on Jan.

25, 2008.
to
t
310
to

t3

312

Publication Classification

(51) Int.Cl

AGIB 8/00 (2006.01)
(52) USeCl cooooooeoeeeeeeeeeee 600/447
(57) ABSTRACT

A method displays ultrasound color flow image data in a
plurality of output frames by continuously acquiring color
flow image data. Each output frame includes a plurality of
scan lines that collectively represent a field of view for an
ultrasound image. The method includes sequentially trans-
mitting a plurality of ultrasound beams. For each of the trans-
mitted beams, multiple receive beams are formed along
respective parallel scan lines. As the sequence progresses,
sets of co-linear receive beams are formed along each of the
respective scan lines at a predetermined rate both within a
particular frame and between successive frames. The method
also includes processing the sets of co-linear receive beams
along each of the respective scan lines to generate color flow
image data corresponding to the respective scan lines, and
displaying a color flow image representing the generated
color flow image data.
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CONTINUOUS ACQUISITION AND
PROCESSING OF ULTRASOUND COLOR
DATA

RELATED APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 61/023,783,
filed Jan. 25, 2008, which is hereby incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] This disclosure generally relates to ultrasonic imag-
ing. More specifically, this disclosure relates to continuously
acquiring color flow image data and ultrasound color process-
ing.

SUMMARY

[0003] This disclosure provides a method for continuously
acquiring color flow image data at a predetermined color
sample rate for each of a plurality of color beams in a frame.
The method receives one acoustic beam for each color beam
in a frame within each color pulse repetition time. This con-
tinuous color data stream allows for new methods of color
processing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a graphical representation of a conven-
tional method for transmitting and receiving acoustic beams
to acquire color flow image data;

[0005] FIG. 2 is a graphical representation of sequencing
used in conventional color data acquisition;

[0006] FIG. 3 is a graphical representation of a method
according to one embodiment for transmitting and receiving
acoustic beams to acquire color flow image data;

[0007] FIG. 4 is a graphical representation of sequencing
used in color data acquisition according to one embodiment;
[0008] FIG. 5 is a flow chart illustrating a method for dis-
playing ultrasound color flow image data according to one
embodiment;

[0009] FIG. 6 illustrates certain components of an ultra-
sonic imaging system usable with the embodiments described
herein; and

[0010] FIG. 7 illustrates certain components of a receive
beamformer usable with the embodiments described herein.

DETAILED DESCRIPTION

[0011] Medical ultrasound color flow imaging is a powerful
diagnostic tool in many medical areas. For example, medical
personnel may use ultrasound color flow imaging for visual-
izing, in real time, the distribution of blood flow in a specific
region of interest.

[0012] In one embodiment, a method displays ultrasound
color flow image data in a plurality of output frames by
continuously acquiring color flow image data. Each output
frame includes a plurality of scan lines that collectively rep-
resent a field of view for an ultrasound image. The method
includes sequentially transmitting a plurality of ultrasound
beams. For each of the transmitted ultrasound beams, mul-
tiple receive beams are formed along respective parallel scan
lines. As the sequence progresses, sets of co-linear receive
beams are formed along each of the respective scan lines at a
predetermined rate both within a particular frame and
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between successive frames. As used herein, the term “co-
linear” refers to beams that are formed along the same scan
line. The method also includes processing the sets of co-linear
receive beams along each of the respective scan lines to
generate color flow image data corresponding to the respec-
tivescan lines, and displaying a color flow image representing
the generated color flow image data.

[0013] In certain embodiments, forming the plurality of
receive beams for each of the transmitted ultrasound beams
includes, for a first transmitted ultrasound beam, forming a
first predetermined number of receive beams corresponding
to a first group of respective parallel scan lines. For a second
transmitted ultrasound beam, the method may include form-
ing a second predetermined number of receive beams corre-
sponding to a second group of respective parallel scan lines.
The first group of respective parallel scan lines is different
than the second group of respective parallel scan lines. Form-
ing the sets of co-linear receive beams may include, for a third
transmitted ultrasound beam, forming a third predetermined
number of receive beams corresponding to the first group of
respective parallel scan lines such that the third predeter-
mined number of receive beams are respectively co-linear
with the first predetermined number of receive beams. Simi-
larly, for a fourth transmitted ultrasound beam, the method
may include forming a fourth predetermined number of
receive beams corresponding to the second group of respec-
tive parallel scan lines such that the fourth predetermined
number of receive beams are respectively co-linear with the
second predetermined number of receive beams.

[0014] In certain embodiments, the method may further
include determining the number of co-linear receive beams to
include in each set for processing after forming the receive
beams corresponding to a particular frame based on at least
one of time-resolution and sensitivity. In addition, or in other
embodiments, the method may include determining, without
user intervention, the number of co-linear receive beams to
include in each set for processing based on a depth of a point
of interest imaged by the plurality of ultrasound beams. The
method may also automatically change the number of co-
linear receive beams to include in each set for processing so as
to maintain a user-selected frame rate.

[0015] In certain embodiments, the method also includes
overlapping data between the successive frames. At least one
receive beam may be processed along with a first set of
co-linear receive beams to generate first color flow image data
corresponding to a first frame, and along with a second set of
co-linear receive beams to generate second color flow image
data corresponding to a second frame. Thus, the method may
calculate a velocity value, for example, using known correla-
tion routines (for example, first-order delay correlation may
suffice) with data from both the first set and the second set.
The method may also calculate a velocity spectrum using
known techniques such as a fast Fourier transform (FFT) with
data from both the first set and the second set. The method
may change the number of receive beams from at least one of
the first set and the second set that are used to calculate the
FFT based on at least one of a time-resolution and a color
sensitivity.

[0016] The embodiments of the disclosure will be best
understood by reference to the drawings, wherein like ele-
ments are designated by like numerals throughout. In the
following description, numerous specific details are provided
for a thorough understanding of the embodiments described
herein. However, those of skill in the art will recognize that
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one or more of the specific details may be omitted, or other
methods, components, or materials may be used. In some
cases, operations are not shown or described in detail where
skilled medical ultrasound engineers will not require such
detail to understand how to practice those aspects of the
invention.

[0017] Furthermore, the described features, operations, or
characteristics may be combined in any suitable manner in
one or more embodiments. It will also be readily understood
that the order of the steps or actions of the methods described
in connection with the embodiments disclosed may be
changed as would be apparent to those skilled in the art. Thus,
any order in the drawings or Detailed Description is for illus-
trative purposes only and is not meant to imply a required
order, unless specified to require an order.

[0018] A conventional method of performing medical
ultrasound color flow imaging is generally based on forming
color beams, which include color flow image data corre-
sponding to respective receive scan lines in an output frame
for display on a monitor. Generally, a packet of acoustic
beams is transmitted and received at a same location, under
the same settings for a particular color beam. For example,
FIG. 1is a graphical representation of a conventional method
for transmitting and receiving acoustic beams. As shown in
FIG. 1, asingle transmit (Tx) beam 110 is emitted and a single
receive (Rx) beam 112 is detected at each sample time to, t,,
ty, U3 . . ., t;. Two or more acoustic Tx/Rx beams may
correspond to the same packet and are acquired at the same
location. For example, the acoustic beams at sample times t,
and t, may correspond to the same location and be assigned to
the same packet (e.g., with a packet size of two) such that they
are processed together to determine color flow image data
corresponding to a particular color beam or scan line.

[0019] The packet size usually includes, for example, four
to sixteen Tx/Rx acoustic beams sequentially transmitted and
received at a color sample rate. Using a larger packet size
generally provides increased color sensitivity. The differ-
ences among the Tx/Rx acoustic beams in a packet provide
motion or flow information. The packet of acoustic beams is
processed (e.g., using first order delay correlation) to detect
the average velocity at each depth. Then, a color beam is
calculated based on the velocity and other data.

[0020] Conventionally, medical ultrasound color flow
imaging is based on forming individual color beams one-by-
one, or one group of color beams at a time. Generally, the
acoustic beams corresponding to a particular color beam in a
previous frame are separated in time from acoustic beams for
the same color beam in a current frame by several packets of
acoustic beams corresponding to other color beams. There-
fore, the acoustic beams corresponding to a color beam in the
previous frame are no longer useful for calculating the same
color beam in the current frame.

[0021] The following example demonstrates the sequenc-
ing used to collect a frame of color data. The example detects
a color flow at a maximum depth of approximately 16 cm.
This maximum depth corresponds to a time of approximately
250 psec needed to obtain the acoustic data. The acoustic
pulse repetition frequency (prf) in this example is approxi-
mately 4 kHz. This example is also configured to detect a
color velocity corresponding to acolor prfof 1 kHz (e.g., data
corresponding to an Rx beam is added to each packet every 1
msec until the packet is full for a particular frame). Therefore,
this example interleaves four color beams.
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[0022] The conventional method for ultrasound color flow
imaging may transmit and receive an acoustic beam at the rate
of 8 kHz. The color frame in this example includes forty scan
lines or color beams. To achieve a desired color sensitivity or
resolution, each color beam uses ten acoustic beams at the
same location. In other words, the packet size is ten.

[0023] The conventional color image data are collected
according to the following sequence:

[0024] 1. Color Beam 1, acoustic beam 1;

[0025] 2. Color Beam 2, acoustic beam 1;
[0026] 3. Color Beam 3, acoustic beam 1;
[0027] 4. Color Beam 4, acoustic beam 1;
[0028] 5. Color Beam 1, acoustic beam 2;
[0029] 6. Color Beam 2, acoustic beam 2;
[0030] 7. Color Beam 3, acoustic beam 2;
[0031] 8. Color Beam 4, acoustic beam 2;
[0032] 9....;

[0033] 40. Color Beam 4, acoustic beam 10;

[0034] 41. Color Beam 5, acoustic beam 1;
[0035] 42. Color Beam 6, acoustic beam 1;
[0036] 43. Color Beam 7, acoustic beam 1;
[0037] 44.Color Beam 8, acoustic beam 1;
[0038] 45. Color Beam 5, acoustic beam 2;
[0039] 46. Color Beam 6, acoustic beam 2;
[0040] 47. Color Beam 7, acoustic beam 2;
[0041] 48. Color Beam 8, acoustic beam 2;

[0042] ...

[0043] 360. Color Beam 36, acoustic beam 10;
[0044] 361. Color Beam 37, acoustic beam 1
[0045] 362. Color Beam 38, acoustic beam 1;
[0046] 363. Color Beam 39, acoustic beam 1;
[0047] 364. Color Beam 40, acoustic beam 1,
[0048] ...

[0049] 397. Color Beam 37, acoustic beam 10;
[0050] 398. Color Beam 38, acoustic beam 10;
[0051] 399. Color Beam 39, acoustic beam 10;
[0052] 400. Color Beam 40, acoustic beam 10;
[0053] 401. Color Beam 1, acoustic beam 10.
[0054] As shown above, it takes 400 acoustic beams, or 0.1

second to make a color frame as specified in this example.
Thus, the color frame rate is ten frames per second.

[0055] The 401% acoustic beam in this example starts a new
frame. Like ten of the acoustic beams in the previous frame
(e.g., the 15" acoustic beam, the 57 acoustic beam, etc.), the
401% acoustic beam in the sequence is also at the position of
color beam number 1. However, the data acquired in the
previous frame will be oflittle use for the new frame because
the 401° acoustic beam occurs too late as compared to the
acoustic beams corresponding to the color beam number 1 in
the previous frame. In other words, because forty acoustic
beams are used for each set of four color beams with a packet
size of ten, the process repeats ten times at the color prf'before
acquiring another acoustic beam (e.g., the 401% acoustic
beam) corresponding to color beam number 1 in the new
frame.

[0056] Because there is such a large amount of delay in
receiving data corresponding to a particular color beam
between frames, the data from the previous frame cannot
generally be combined with data from the new frame to
increase color flow sensitivity and resolution. For example, 1t
may be desirable to average data corresponding to a particular
color beam that is acquired at regular intervals (e.g., at the
color prf). However, due to the delay between frames in
conventional systems, the data from one frame that corre-
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sponds to color beam number 1 may not be usable to average
with the color flow image data corresponding to color beam
number 1 from a previous frame. As another example, accu-
racy may be increased by using a larger number of data points
when filtering (e.g., using a wall filter) to isolate the acoustic
echoes caused by moving blood flows from those acoustic
echoes produced by tissue or moving vessel walls. However,
the discontinuous nature of data acquired from conventional
systems limits the number of data points available to wall
filters and other signal processing methods.

[0057] FIG. 2 is a graphical representation of sequencing
used in conventional color data acquisition. The numbers in
the horizontal row 210 represent the color beam numbers
(e.g., corresponding to scan lines) in a frame, which range
from 1 to 40 in this example. The first column 212 represents
a sequencing number (e.g., corresponding to sequential
Tx/Rx acoustic beams). The second column 214 represents
the acoustic beam number in a packet. The lines 216 in the
various rows and columuns represent acquired acoustic data
corresponding to respective sequence numbers and color
beam numbers.

[0058] Forexample, data acquired during sequence number
1 corresponds to color beam number 1, data acquired during
sequence number 2 corresponds to color beam number 2, data
acquired during sequence number 3 corresponds to color
beam number 3, and data acquired during sequence number 4
corresponds to color beam number 4. As discussed above, this
example interleaves four color beams. Thus, data acquired
during sequence number 5 again corresponds to color beam
number 1, data acquired during sequence number 6 again
corresponds to color beam number 2, and so forth.

[0059] After sequence number 40, each of the color beam
numbers 1, 2, 3, and 4 includes data from ten respective
(co-linear) Rx acoustic beams, which satisfies the packet size
of ten. Because it takes approximately 250 usec to acquire
each data point (e.g., between each sequence), there is
approximately 0.01 second between the sequence number 1
and the sequence number 40. During this time, data is respec-
tively acquired for each of the color beam numbers 1,2, 3, and
4 every 1,000 psec (e.g., between sequence number 1 and
sequence number 5), which corresponds to the color prf of 1
kHz.

[0060] After acquiring data for ten co-linear acoustic
beams corresponding to each of the color beam numbers 1, 2,
3, and 4, the process repeats for color beam numbers 5, 6, 7,
and 8. Then, the process continues for subsequent sets of four
color beams until data for ten acoustic beams have been
acquired for color beam number 40 (e.g., at sequence number
400).

[0061] As shown in FIG. 2, the sequence number 401 is the
same as the sequence number 37 in that both acquire data
corresponding to color beam number 1. However, the data
from these two sequences may no longer be related because of
the time interval between these two sequences. In other
words, while data is added to color beam number 1 every
1,000 usec between sequence number 1 and sequence number
37, a gap of approximately 91,000 psec occurs between the
sequence number 37 and the sequence number 401.

[0062] In contrast, certain embodiments disclosed herein
acquire data continuously from multiple Rx beams (e.g., cor-
responding to different parallel scan lines or color beams) for
each Tx beam. Thus, data may be acquired at a predetermined
color sample rate without time gaps within a particular frame
and/or between frames.
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[0063] An ultrasound system according to one embodiment
may form two, three, four or more Rx beams for each Tx
beam. For example, FIG. 3 is a graphical representation of a
method according to one embodiment for transmitting and
receiving acoustic beams. As shown in FIG. 3, a single Tx
beam 310 is transmitted and four Rx beams 312 are received
at each sample time t,, t;, t,, t5, . . . , t,. Each of the four Rx
beams 312 at a particular sample time may correspond to a
different color beam. Although four Rx beams are shown in
FIG. 3 for each Tx beam 310, one skilled in the art will
recognize that different numbers of Rx beams 312 may be
formed for each Tx beam 310 including, for example, eight,
ten, twelve, fourteen, sixteen, eighteen, twenty or more Rx
beams 312. Odd numbers of Rx beams 312 may also be
formed for each Tx beam 310.

[0064] For the same example as that discussed above, the
color data acquisition according to one embodiment is
described below. In this embodiment, however, the system
has a more powerful beamformer that is capable of receiving
ten parallel Rx beams, for example, for every Tx beam.
[0065] Thus, for the same color image in the above case,
color image data in one embodiment may be acquired accord-
ing to the following sequence:

[0066] 1.Tx1, Rx Color Beams 1-10;

[0067] 2.Tx2, Rx Color Beams 11-20;

[0068] 3. Tx3, Rx Color Beams 21-30;

[0069] 4. Tx4, Rx Color Beams 31-40;

[0070] 5. Tx5, Rx Color Beams 1-10;

[0071] 6. Tx6, Rx Color Beams 11-20;

[0072] 7.Tx7, Rx Color Beams 21-30;

[0073] 8. Tx8, Rx Color Beams 31-40;

[0074] 9. Tx9, Rx Color Beams 1-10;

[0075] 10.Tx10, Rx Color Beams 1 1-20;

[0076] 11.Tx11, Rx Color Beams 21-30;

[0077] 12.Tx12, Rx Color Beams 31-40; and so forth.
[0078] FIG. 4 is a graphical representation of sequencing

used in color data acquisition according to one embodiment,
and illustrates the sequencing listed above. The numbers in
the horizontal row 410 represent the color beam numbers in a
frame, which range from 1 to 40 in this example. The first
column 412 represents the sequencing number (e.g., corre-
sponding to sequential Tx/Rx beams, wherein multiple Rx
beams are received for each Tx beam). The second column
414 represents the acoustic beam number order in a particular
packet. In FIG. 4, the acoustic number within the frame is
continuous because each color beam number 1 through 40
sequentially acquires data before repeating such that data is
acquired at a predetermined color sample rate without time
gaps within a frame and/or between frames. The lines 416 in
the various rows and columns represent acquired acoustic
data corresponding to respective sequence numbers and color
beam numbers.

[0079] As shown in FIG. 4, data is acquired for ten color
beams for each sequence. Thus, four Tx/Rx sequences pro-
vide data points for all forty color beams in the frame.
Because cach sequence is delayed from the previous
sequence by approximately 250 usec in this example (for an
acoustic beam prf of 4 kHz), data is continuously added to
each packet every 1000 psec without gaps (either within the
frame or between frames) in this rate. Thus, the color data is
continuous at a color prf of 1 kHz (which is the color prf
specified in the above example).

[0080] FIG. 5is a flow chart illustrating a method 500 for
displaying ultrasound color flow image data according to one
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embodiment. The method 500 includes sequentially transmit-
ting 510 a plurality of ultrasound (Tx) beams, and forming
512 a plurality of Rx beams for each Tx beam. For example,
as shown in FIG. 4, data 416 may be acquired for ten Rx
beams corresponding to respective color beams for each Tx
beam (e.g., represented by a respective sequence number in
the first column 412). In one embodiment, data is added to
each scan line (e.g., corresponding to color beam numbers
1-40in FIG. 4) in a frame before adding additional data to any
particular scan line.

[0081] The method 500 also includes adding 514 co-linear
Rx beams along each of the respective scan lines at a prede-
termined rate both within a first frame and between the first
frame and a second frame. For example, referring to FIG. 4,
during sequence numbers 1 through 4, acoustic data 416 is
added to each color beam number 1 through 40. Then, in
sequence numbers 5 through 8, additional acoustic data416 is
added to each color beam number 1 through 40. Thus, after
sequence number 8, each scan line includes data 416 from
two co-linear Rx beams.

[0082] The method 500 also includes processing 516 the
sets of co-linear Rx beams along each of the respective scan
lines to generate color flow image data, and displaying 518 a
color flow image representing the color flow image data.
[0083] In certain embodiments, the packet size is not pre-
determined by acoustic data acquisition. Rather, because the
color data is continuous, the packet size is programmable in
back end processing. Further, the packet size may be deter-
mined at a point in time after data acquisition. In addition, or
in other embodiments, the color flow image frame rate is not
determined by acoustic data acquisition. Rather, the color
flow image frame rate may be programmable in back end
processing,

[0084] Because the color sample rate is continuous, the
color acoustic beam data may be used in more than one color
frame. For example, referring to FIG. 4, if acoustic data 416
acquired during sequence numbers 1 through 16 are used for
a first color frame (e.g., with a packet size of four), the
acoustic data 416 acquired during at least sequence numbers
13 through 16 may also be used for a second color frame
because there are no gaps in the color sample rate between
sequence numbers 13 through 16 and sequence numbers 17
through 20, respectively. In other words, the data may be
overlapped between frames.

[0085] Further, because the color sample rate is continuous,
an ultrasound system according to certain embodiments may
use a conventional method (e.g., a first order delay correla-
tion) to compute the average velocity using the continuous
data between frames. In addition, or in other embodiments,
the ultrasound system may use the continuous data for fast
Fourier transforms (FFT) to determine a velocity spectrum
for each color pixel. In certain such embodiments, using the
continuous data may greatly reduce the requirements of wall
filter, key hole, smoothing, thresholding, and/or other signal
processing operations. Thus, using the embodiments dis-
closed herein will make a revolution in medical color flow
processing schemes.

[0086] For the embodiments described herein, the ultra-
sound system may process acquired color data for the trade
off between time-resolution and the color sensitivity. To
increase color sensitivity the system may use a larger packet
size or a higher order FFT (e.g., alarger number of data points
used in the FFT). To get more dynamic (time-resolution), the
system may use a smaller packet or FFT size and less overlap.
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[0087] The number of Rx beams used for each Tx beam
may be user selected and/or automatically controlled by the
ultrasound system according to certain embodiments. For
example, in one embodiment, the number of Rx beams used
for each Tx beam is a function of the depth desired to be
imaged. As the depth increases, the number of Rx beams for
each Tx beam may need to be decreased to maintain a desired
prf. In one such embodiment, the system automatically deter-
mines the maximum number of Rx beams for each Tx beam
based on the depth and the prf. In certain embodiments, the
user may control the depth and/or the number of Rx beams. If
the user determines that the frame rate is too slow at a selected
depth, the user may change the number of Rx beams for each
Tx beam. Thus, the user may manually adjust the frame rate
for a particular depth and prf. In certain embodiments, the
system may automatically change the number of Rx beams
for each Tx beam to maintain a desired frame rate.

[0088] Using a large number of Rx beams for each Tx
beams may cause acquired data for certain color beams to be
weaker or less reliable. Thus, in some embodiments, the
increased amount of continuous data in each packet may be
averaged to reduce errors. In addition, or in other embodi-
ments, relative positions of Tx and Rx beams may be changed
so that the same color beams do not continuously receive
weaker data while other color beams receive data that are
more reliable. By overlapping Rx beams corresponding to
different Tx beams, the errors may be reduced.

[0089] FIG. 6 illustrates certain components of an ultra-
sonic imaging system usable with the embodiments described
herein. The user enters various conventional scan parameters
into an input/output (I/O) unit 610, which may comprise
conventional hardware, system software, and devices such as
akeyboard, knobs, a mouse, and/or buttons. The input unit is
connected to a processing system 612, which will typically be
an electrically connected and cooperating group of proces-
sors 614 such as microprocessors and digital signal proces-
sors with necessary system software such as, for example, an
operating system. The I/O unit 610 may therefore not need
any processing capability of its own but rather simply actas a
peripheral device for the main processing system 612.
[0090] As in known systems, the processing system 612
sets, adjusts, and monitors the operating parameters of a
conventional transmission control circuit 616. This control
circuit 616 generates and applies electrical control and driv-
ing signals to an ultrasonic probe, that is, transducer 618,
which includes an array 620 of electro-acoustic (usually
piezoelectric, such as PZT) elements. As is well known in the
art, the piezoelectric elements generate ultrasonic waves
when electrical signals of the proper frequency are applied to
them.

[0091] To create the ultrasonic signals that are transmitted
into the body (an “interrogation region,” or a “region of inter-
est” 622), all or some subset of these elements are electrically
excited at a given frequency and are individually phased and
time-shifted relative to each element’s position in the array in
such a way that the in-phase portions of the signals form a
coherent transmit (Tx) beam. The time delays are chosen such
that the echo signals arriving from a desired angular direction
add coherently, whereas those signals arriving from other
directions do not add coherently and so tend to cancel each
other out. The amplitudes of the excitation signals applied to
the array elements are typically varied (apodized) to control
the resulting beam width and to suppress side lobes. The
aperture of the array may also be varied, that is, the “width” of
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the activated elements (not all elements are usually activated
at once) may be changed, just as the aperture of a camera may
be varied to affect focal depth and provide uniform lateral
resolution.

[0092] The various known methods for activating the ele-
ments according to a particular signal profile to best image a
given area are generally referred to as transmit beamforming.
By changing the amplitude and phasing of the transmitted
signals, the Tx beam can be not only focused at a particular
depth, but also steered off-axis, that is, not perpendicular to
the center element among those activated. In FIG. 6, for
example, the Tx beam has been steered at an angle to the face
of the array 620. Out-of-phase portions of the individual
transmit signals tend to cancel each other. The Tx beam
typically converges at a focal depth, beyond which it once
again diverges. The Tx beam is steered in the azimuth/lateral
direction LAT and the elevation direction EL, and is focused
in the depth/axial direction AX so as to concentrate the ultra-
sonic energy of the beam onto desired points, such as a struc-
ture 624, within the interrogation region 622.

[0093] After any reflecting structure in the interrogation
region is insonified, the transducer is typically switched by a
switching circuit 626 from the transmit mode to a receive
mode, such that the ultrasound reflected back onto the array
face from any structures 624 within the imaged area will
cause the elements to create corresponding electrical signals.
The ultrasound sensed by any particular element, however,
will be a combination of all the ultrasound energy reflected
back from anywhere in the imaged region, regardless of
which elements the energy originated from. In the general
case, each element will receive some ultrasound energy cre-
ated by all elements that were energized to form the Tx beam.
In the receive (Rx) mode, each element will therefore gener-
ate a time-varying signal that in practice will differ from that
of all other elements’ received signals. Again, however, the
in-phase portion of the reflected energy will dominate. The
problem is how best to determine just what these coherent
portions are, that is, which sensed values at the different
elements represent the return signal from the desired focal
point that, with proper time delay, corresponds to the portions
of the return signals at the other array elements. This process
is known as receive beamforming and a task of a receive
beamformer is to determine and sum the coherent signals
from targets received by all the active Rx array elements. A
receive beamformer according to the embodiments disclosed
herein includes separate channels for forming a plurality of
Rx beams from echo signals in response to one Tx beam.
Separate delays and/or apodization may be applied to each
channel.

[0094] As is well understood, the piezoelectric array ele-
ments 620 convert the small mechanical vibrations caused by
the echo signal into corresponding radio-frequency (RF)
electrical signals. Amplification and other conventional sig-
nal conditioning are then applied to the return signals by a
reception controller 628. This processing includes various
procedures as needed to identify the echo signals that corre-
spond to each scanned element in the interrogation region and
form the Rx beam for each channel. The reception controller
628, all or part of which is normally integrated into the pro-
cessing system 612 itself, also converts the ultrasonic, radio-
frequency (RF) return signals (typically on the order of a few
to tens of megahertz) into lower frequency ranges for pro-
cessing. This is well known in the art of ultrasonic imaging.
The reception control circuitry includes a receive beam-
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former, aspects of which are described in detail below. Note
that the transmission and reception controllers (or, for that
matter, the transmit and receive beamformers) do not have to
be implemented as separate components but may be com-
bined in whole or in part with respect to both their hardware
and software.

[0095] Inconventional B-mode scanning, each point within
the interrogation region is then represented as an intensity
(brightness) value. The interrogation region can therefore be
represented as a discretized pattern (matrix) of brightness or
signal intensity values, which are stored as frame data in a
memory 630. Other scan modes, such as for Doppler imaging,
create and store corresponding values.

[0096] Theinterrogation region is normally not in the same
shape as what the user wants to see displayed; even when it is,
the digital acoustic intensity values that make up the frame
data are normally not in a form suitable for driving a conven-
tional gray-tone or color display directly. The acoustic inten-
sity values for a selected sub-set (scan plane) are then typi-
cally applied to a conventional scan converter 632, which
converts the digital acoustic values into display intensity val-
ues that are suitable for use in driving a display device 634,
which may be part of the I/O unit 610. The display device 634
typically includes a screen (for example, LED or CRT) that is
divided into an X-Y (or polar) matrix or pattern of picture
elements or “pixels” that make up an image that the user can
view and interpret.

[0097] FIG. 7 illustrates certain components of a receive
beamformer 700 usable with the above-described embodi-
ments. The illustrated beamformer 700 is simplified for pur-
poses of illustration and the sizes and distances are not to
scale. For example, even a one-dimensional linear array will
usually have scores or even hundreds of array elements and
not just the eight shown in FIG. 7. Moreover, it is common not
to activate all the ultrasound elements at once, but rather to
activate predetermined sub-sets of them according to some
pattern. In FIG. 7, the Tx beam is assumed to have been
focused on a focal point FP; the lines from the point FP back
to the array elements represent the acoustic return signals,
that is, the echoes of the transmitted ultrasound.

[0098] In the illustrated case, the focal point FP, for pur-
poses of easy illustration only, lies perpendicular to the face of
the uppermost array element. Assuming that the ultrasound is
propagating through tissue that is at least substantially acous-
tically homogeneous, ultrasound energy of the Tx beam that
is reflected back from the focal point FP will reach the upper-
most array element before reaching the others. The dashed
line 710 illustrates the travel of coherent ultrasound back
towards the array elements 620; that is, line 710 illustrates the
coherent portion of reflection of a Tx beam.

[0099] The reflected ultrasound causes each array element
to generate a corresponding analog electrical signal 712. Usu-
ally after amplification by a bank ofamplifiers 714, the analog
signals 712 from the electro-acoustic array elements 620 are
converted into digital values by a bank of analog-to-digital
converters 716, whose sampling rate is controlled by clocking
circuitry 718.

[0100] A time series of the converted digital values is then
usually buffered in first-in-first-out latches 720 (for speed,
although they could be stored in other types of memory
devices). In FIG. 7, each stored digital value is represented as
a small square on the signal path within the latches 720. The
solid (filled in) squares within the latches 720 illustrate values
corresponding to an echo from the same target.
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[0101] Thedigital values are then processed in a processing
module (722), which will generally involve the main proces-
sors 614 (FIG. 6) executing software code stored on a com-
puter-readable medium. The software code defines not only
the implemented beamforming routine, but also such proce-
dures as may involve a dedicated processor part of the greater
processor to form an output signal that represents the value to
be assigned to the focal point, e.g., a brightness value. The
processing will usually include such procedures as time-gat-
ing, gain compensation, diffraction compensation, dynamic
receive delay, dynamic receive aperture size control, and
dynamic receive apodization.

[0102] As discussed above, the digital ultrasound beam-
former may generate one Tx beam, but receive multiple Rx
beams back along respective scan lines. The beamformer may
process these multiple beams by applying dynamic receive
delay, dynamic receive aperture size control and dynamic
receive apodization. The processing module 722 may process
co-linear Rx beams along respective scan lines as described
herein to generate color flow image data corresponding to the
respective scan lines.

[0103] It will be understood by one skilled in the art that
many changes may be made to the details of the above-
described embodiments without departing from the underly-
ing principles of the invention. The scope of the present
invention, therefore, should be determined only by the fol-
lowing claims.

What is claimed is:

1. A method for displaying ultrasound color flow image
data in a plurality of output frames, each output frame includ-
ing a plurality of scan lines that collectively represent a field
of view for an ultrasound image, the method comprising:

sequentially transmitting a plurality of ultrasound beams;
for each of the transmitted ultrasound beams, forming a
plurality of receive beams along respective parallel scan
lines, wherein sets of co-linear receive beams are formed
along each of the respective scan lines at a predeter-
mined rate both within a first frame and between the first
frame and a second frame;
processing the sets of co-linear receive beams along each
of the respective scan lines to generate color flow image
data corresponding to the respective scan lines; and

displaying a color flow image representing the generated
color flow image data.
2. The method of claim 1, wherein forming the plurality of
receive beams for each of the transmitted ultrasound beams
comprises:
for a first transmitted ultrasound beam, forming a first
predetermined number of receive beams corresponding
to a first group of respective parallel scan lines; and

for a second transmitted ultrasound beam, forming a sec-
ond predetermined number of receive beams corre-
sponding to a second group of respective parallel scan
lines, wherein the first group of respective parallel scan
lines is different than the second group of respective
parallel scan lines.

3. The method of claim 2, wherein forming the sets of
co-linear receive beams comprises:

for a third transmitted ultrasound beam, forming a third

predetermined number of receive beams corresponding
to the first group of respective parallel scan lines such
that the third predetermined number of receive beams
are respectively co-linear with the first predetermined
number of receive beams; and
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for a fourth transmitted ultrasound beam, forming a fourth
predetermined number of receive beams corresponding
to the second group of respective parallel scan lines such
that the fourth predetermined number of receive beams
are respectively co-linear with the second predeter-
mined number of receive beams.

4. The method of claim 1, further comprising determining
the number of co-linear receive beams to include in each set
for processing after forming the receive beams corresponding
to a particular frame based on at least one of time-resolution
and sensitivity.

5. The method of claim 1, further comprising determining,
without user intervention, the number of co-linear receive
beams to include in each set for processing based on a depth
of a point of interest imaged by the plurality of ultrasound
beams.

6. The method of claim 5, further comprising automatically
changing the number of co-linear receive beams to include in
each set for processing so as to maintain a user-selected frame
rate.

7. The method of claim 1, further comprising overlapping
data between the first frame and the second frame, wherein at
least one receive beam is processed along with a first set of
co-linear receive beams to generate first color flow image data
corresponding to the first frame and along with a second set of
co-linear receive beams to generate second color flow image
data corresponding to the second frame.

8. The method of claim 7, further comprising calculating an
average velocity using first order delay correlation with data
from both the first set and the second set.

9. The method of claim 7, further comprising calculating a
velocity spectrum using a fast Fourier transform (FFT) with
data from both the first set and the second set.

10. The method of claim 9, further comprising changing
the number of receive beams from at least one of the first set
and the second set that are used to calculate the FFT based on
at least one of a time-resolution and a color sensitivity.

11. A system for displaying ultrasound color flow image
data in a plurality of output frames, each output frame includ-
ing a plurality of scan lines that collectively represent a field
of view for an ultrasound image, the system comprising:

an ultrasound probe comprising an array of electro-acous-
tic elements;

a beamforming system comprising:

a transmit beamformer to sequentially transmit a plural-
ity of ultrasound beams; and

a receive beamformer to form, for each of the transmit-
ted ultrasound beams, a plurality of receive beams
along respective parallel scan lines, wherein sets of
co-linear receive beams are formed along each of the
respective scan lines at a predetermined rate both
within a first frame and between the first frame and a
second frame;

a processing system comprising at least one processor and
at least one memory, the processing system to process
the sets of co-linear receive beams along each of the
respective scan lines to generate color flow image data
corresponding to the respective scan lines; and

a display system comprising a color monitor to display a
color flow image representing the generated color flow
image data.

12. The system of claim 11, wherein the receive beam-

former forms the plurality of receive beams for each of the
transmitted ultrasound beams by:



US 2009/0192387 A1

for a first transmitted ultrasound beam, forming a first
predetermined number of receive beams corresponding
to a first group of respective parallel scan lines; and

for a second transmitted ultrasound beam, forming a sec-
ond predetermined number of receive beams corre-
sponding to a second group of respective parallel scan
lines, wherein the first group of respective parallel scan
lines is different than the second group of respective
parallel scan lines.

13. The system of claim 12, wherein the receive beam-
former forms the sets of co-linear receive beams by:

for a third transmitted ultrasound beam, forming a third

predetermined number of receive beams corresponding
to the first group of respective parallel scan lines such
that the third predetermined number of receive beams
are respectively co-linear with the first predetermined
number of receive beams; and

for a fourth transmitted ultrasound beam, forming a fourth

predetermined number of receive beams corresponding
to the second group of respective parallel scan lines such
that the fourth predetermined number of receive beams
are respectively co-linear with the second predeter-
mined number of receive beams.

14. The system of claim 11, wherein the at least one pro-
cessor is further configured to determine the number of co-
linear receive beams to include in each set for processing after
forming the receive beams corresponding to a particular
frame based on at least one of time-resolution and sensitivity.

15. The system of claim 11, wherein the at least one pro-
cessor is further configured to determine, without user intet-
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vention, the number of co-linear receive beams to include in
each set for processing based on a depth of a point of interest
imaged by the plurality of ultrasound beams.

16. The system of claim 15, wherein the at least one pro-
cessor is further configured to automatically change the num-
ber of co-linear receive beams to include in each set for
processing so as to maintain a user-selected frame rate.

17. The system of claim 11, wherein the at least one pro-
cessor is further configured to overlap data between the first
frame and the second frame, wherein the at least one proces-
sor processes at least one receive beam along with a first set of
co-linear receive beams to generate first color flow image data
corresponding to the first frame and along with a second set of
co-linear receive beams to generate second color flow image
data corresponding to the second frame.

18. The system of claim 17, wherein the at least one pro-
cessor is further configured to calculate an average velocity
using first order delay correlation with data from both the first
set and the second set.

19. The system of claim 17, wherein the at least one pro-
cessor is further configured to calculate a velocity spectrum
using a fast Fourier transform (FFT) with data from both the
first set and the second set.

20. The system of claim 19, wherein the at least one pro-
cessor is further configured to change the number of receive
beams from at least one of the first set and the second set that
are used to calculate the FFT based on at least one of a
time-resolution and a color sensitivity.
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