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Methods and apparatus for achieving a compound ultra-
sound imaging mode are disclosed. The methods include a
step of firing a plurality of ultrasound beams at a single
location, receiving first and second echoes, and combining
the first and second echoes to form a composite scan line.
The following beam parameters may be varied: transmission
focus depth, transmission aperture, transmission frequency,
and transmission burst length. Echoes may vary in one or
both of receive bandwidth and receive center frequency. In
one embodiment, transmission focus depth, transmission
aperture, and receive center frequency all differ between the
beams. A weighting step may be performed before or after
the summing step. The apparatus may include vector
memory, a compound logic processor for weighting and
summing the vectors, and memory for storing the summed
vectors.
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METHODS AND APPARATUS FOR ULTRASONIC
COMPOUND IMAGING

BACKGROUND OF THE INVENTION

[0001] The present invention is generally directed to appa-
ratus and methods for ultrasound imaging. More particu-
larly, the present invention is directed to apparatus and
methods for achieving a compound mode.

[0002] In conventional ultrasound imaging systems, there
is an array of ultrasonic transducers. The ultrasonic trans-
ducers are used to transmit an ultrasound beam and then
receive the echoes from an object being studied. An array for
ultrasound imaging typically has a plurality of transducers
positioned in a line and driven with separate voltages. By
selecting the time delay or phase and amplitude of the
applied voltages, the individual transducers can be con-
trolled to produce ultrasonic waves. The ultrasonic waves
combine to form a net ultrasonic wave that travels along a
preferred vector direction and is focused at a selected point
along the beam.

[0003] Multiple firings may be used to obtain data that
represents the same anatomical information. The beamform-
ing parameters of each of the firings may be varied to
provide a change in maximum focus or otherwise change the
content of the received data for each firing. For example, the
multiple firings may comprise successive beams transmitted
along the same scan line with the focal point of each beam
being shifted relative to the focal point of the previous beam.
By changing the time delay and amplitude of the applied
voltages, the beam with its focal point can be moved in a
plane to scan the object.

[0004] Reception of reflected sound by a transducer
involves the same principles as transmitting sound. The
voltages produced at the receiving transducers are summed
so that the net signal is representative of ultrasound echoes
reflected from a single focal point in the object. As with the
transmission mode, this focused reception of the ultrasonic
energy is achieved by separate time delays (and/or phase
shifts) and gains provided to the signal by each receiving
transducer.

[0005] Imaging with conventional ultrasound systems can
result in images containing a significant amount of speckle.
Speckle is an imaging artifact produced from interference
patterns of multiple receive echoes. Speckle appears as
mottling which is manifest as black holes in the image.

[0006] A method has been proposed to reduce speckle by
combining vector data from multiple ultrasound firings for
different portions of a scan line. The input vector data from
multiple firings is combined to take advantage of the best
range(s) of data from each receive firing. One or more lines
are fired at the same location, with the lines having different
focus points or depths. Compounding of echoes from the
multiple firings (focused to different depths) is performed
over only a fraction of the length of the scan line. Com-
pounding portions of scan lines from echoes of different
transmissions does not entirely remove speckle. A need
exists for more effective methods and apparatus for reducing
the amount of speckle in ultrasound images.

[0007] A conventional compounding technique is the
compounding of frames rather than lines. The technique of
compounding of frames has a disadvantage of movement
artifact.
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[0008] Conventional multifocus algorithms create zones
where the near field and far field come together and may
create image impressions if an operator were to move from
the near field to the far field in a small range. Thus, there is
a need for an ultrasound mode that reduces the border
between the near field and the far field.

[0009] Some conventional ultrasound techniques do not
have much penetration. Examination of some patients, par-
ticularly patients having high adipose content tissue, may
require ultrasound capable of deeper penetration. Accord-
ingly, there is a need for ultrasound devices or techniques
that provide greater penetration.

BRIEF SUMMARY OF THE INVENTION

[0010] In accordance with at least one embodiment, a
method is provided which comprises a step of transmitting
two or more ultrasound beams at the same scan position. The
beams may differ in at least one of the following parameters:
transmission focal depth, transmission aperture, transmis-
sion frequency, and transmission burst length. Echoes from
the beams may differ in one or both of received bandwidth
and receive center frequency. In one embodiment, the trans-
mit beams differ in transmission focal depth and transmis-
sion aperture, and the echoes vary in receive center fre-
quency.

[0011] One embodiment of the present invention com-
prises the steps of transmitting first and second ultrasound
beams along a common scan line into a region of interest
(ROI) of a patient and receiving first and second echoes from
the ROI, the first echo representing reflections along an
entire scan line of the first ultrasound beam, the second echo
representing reflections of the entire scan line of the second
ultrasound beam. A further step is combining the first and
second echoes along the entire scan line to form a composite
scan line in an ultrasound image.

[0012] Methods in accordance with the present invention
may comprise multiplying the first and second echoes with
at least one weighting factor to form first and second
weighted echoes, and summing the first and second
weighted echoes. The weighting factor may equal 1/N,
wherein N is equal to a number of ultrasound beams
transmitted along a common scan line in the transmitting
step.

[0013] In still a further embodiment of the present inven-
tion, the transmitting step further comprises transmitting the
first and second ultrasound beams at different focus depths
and at different transmission apertures, and the receiving
step further comprises receiving the first and second echoes
at different receive center frequencies. Further, the first and
second echoes are scaled by a factor of 1/N.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing summary, as well as the following
detailed description of the preferred embodiments of the
present invention, will be better understood when read in
conjunction with the appended drawings. For the purpose of
illustrating the preferred embodiments of the present inven-
tion, there is shown in the drawings, embodiments which are
presently preferred. It should be understood, however, that
the present invention is not limited to the arrangements and
instrumentality shown in the attached drawings.
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[0015] FIG. 1 is a block diagram of an apparatus in
accordance with the present invention; and

[0016] FIG. 2 is a schematic diagram of a method for
receiving multibeams.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] FIG. 1 is a block diagram of a device 10 in
accordance with one embodiment of the present invention.
The device 10 comprises a digital beamformer 13 that
controls a broadband transducer 17 and receives signals
from the broadband transducer 17. The digital beamformer
13 may be any beamformer suitable for forming B-images.
A suitable broadband transducer 17 operates at a range of
frequencies such as 2 MHz to 4 MHz, for example, however
other frequency ranges are suitable. The lower frequency
achieves depth and the higher frequency is transmitted for
the near field.

[0018] Inaccordance with an aspect of some embodiments
of the present invention, two or more ultrasound beams are
transmitted at the same scan position. The beams may differ
in any one or more of the following parameters: transmis-
sion focus depth, transmission aperture, transmission fre-
quency, and transmission burst length. Echoes from the
transmitted beams may vary in one or both of receive
bandwidth and receive center frequency. In one embodi-
ment, transmission focus depth, transmission aperture, and
receive center frequency all differ between the beams.

[0019] After being received, the echo data pass through a
bandpass filter 20, a demodulator 23, and a LOG compressor
27. The pass band frequency range of the bandpass filter 20
depends on the receive center frequency. The receive center
frequency depends on the bandwidth of the broadband
transducer 17. After bandpass filtering, demodulation, and
LOG compression, a data set representative of a series of
echoes received along an entire single beam (hereafter
“beam data”) is stored in vector memory 31. The data sets
stored in the vector memory 31 are stored in the form of
vector data sets, wherein each vector data set corresponds to
the full length of a beam or scan line in a field of view.

[0020] 1In one embodiment, after the last beam of the
plurality of beams has been fired at a single location, the data
from the last beam are transmitted to a compound logic
processor 34 and the data from the previous beams that had
been stored in vector memory are also transmitted to the
compound logic processor 34. For example, if the total
number of beams fired at a single location is two, then the
first beam is stored in vector memory 31 after being fired.
After the second beam is fired, the data from the first beam
are transmitted by the vector memory 31 to the compound
logic processor 34, and the data from the second beam are
transmitted to the compound logic processor 34. If, for
example, the total number of beams fired at a single location
is four, then the first three beams are stored in vector
memory 31 after being fired. After the fourth beam is fired,
the data from the first three beams are transmitted by the
vector memory 31 to the compound logic processor 34, and
the data from the fourth beam are transmitted to the com-
pound logic processor 34.

[0021] At least two beams may be fired at a single loca-
tion. In one embodiment, five beams are fired at a single
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location. As a greater number of beams are fired at a single
location, the frame rate may slow down.

[0022] Various transducer arrays may be employed in
accordance with embodiments of the present invention. For
example, the transducer array 17 may be 1D or 2D.

[0023] Beam focusing may be accomplished by various
methods. For example, different delay times may be pro-
vided, the delay times varying from outer transducer ele-
ments to a central transducer element.

[0024] The transmitting step may include transmitting first
and second ultrasound beams at different first and second
transmission focus depths. In one embodiment, the first
transmit beam may be near field and the second transmit
beam may be far field, providing greater penetration and
increasing the homogeneity between the near field and the
far field. The focus depth on the near field may be provided
by controlling the delay times on apertures during transmis-
sion. For example, the second beam may be provided with
a different delay time than the first beam. The first beam may
also have a different transmit frequency than the second
beam. In an alternative embodiment, the second transmit
beam may be near field and the first transmit beam may be
far field.

[0025] Each aperture may transmit from all elements of
the aperture at a common center frequency and in a common
direction. Alternatively, steering of the transmit beam may
be performed. Steering may be accomplished, for example,
by providing the elements in a single aperture with different
delays.

[0026] In some embodiments, the first and second ultra-
sound beams may be transmitted at different first and second
transmission apertures. For example, if the focus depths
between the first and second transmissions are very different,
different apertures may be needed for the two transmissions.
Generally, larger apertures are needed for the far field, and
smaller apertures are needed in the near field.

[0027] Various techniques can be used to control the
transducer array to simultaneously receive echoes along
multiple scan lines. In some embodiments of the present
invention, the transducer array is controlled to receive
echoes simultaneously along multiple scan lines in order to
keep the frame rate up despite multiple firings at one line.

[0028] As seen in FIG. 2, there is a probe 37 having
transducer elements (not shown). For a transmission (TX)
firing 40, at least two receive (RX) echoes 43 are received
simultaneously. The two RX echoes 43 are separated sym-
metrically left and right relative to the TX beam 40. The two
RX 43 echoes are from the same transmission firing, TX
beam 40.

[0029] The distance between the displayed receive echoes
is (a), and the distance between the TX beam 40 and adjacent
RX echoes 43 is a/2. The distance to the next TX beam,
which is designated TX (n+1) 46, from the TX beam 40 is
2*a. Two RX echoes 43 are received by the same elements
on the probe 37. Also, two RX (n+1) echoes 49 are received
by the same elements on the probe 37. The distance (a)
between the receive echoes RX 43 must be small compared
to the width of a receiving aperture in order for the two
echoes RX 43 to be received at positions symmetrically left
and right relative to the TX beam 40. Similarly, the distance
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(2) between the receive echoes RX (n+1) 49 must be small
compared to the width of a receiving aperture 52 in order for
the two echoes RX (o+1) 49 to be received at positions
symmetrically left and right relative to the TX (n+1) beam
46.

[0030] Returning to FIG. 1, when the beam data (vector
data sets) are in the compound logic processor 34, the beam
data are summed. Compound logic is a step of combining
the vector data sets to form an entire composite scan line. In
some embodiments, the compound logic processor 34 per-
forms a weighting (or scaling) step either before or after
summing. The scaling step forms first and second weighted
echoes in embodiments in which first and second echoes
comprise the beam data and when scaling is performed prior
to summing. The scaling factor may equal 1/N, where N
stands for the number of ultrasound beams fired per location.
N may be any integer of two or greater. In one embodiment,
N=5, which provides a sufficient frame rate and still pro-
vides desirable penetration depth and speckle suppression.
The adder that is in the compound logic processor 34
performs the summing step. The summing step and scaling
step may be represented by (I1*k+12*k+ . . . IN*k) where
IN is the Nth vector and k is the weighting or scaling factor.
The summing step and scaling step may also be represented
by k*(I1412+ . . . IN). The scaling factor k equals 1/N in
some embodiments.

[0031] Following processing in the compound logic pro-
cessor 34, the result of the combined vectors (or scaled and
summed vectors in some embodiments) is stored in A-line
memory 58. One line of memory in the A-line memory 58
thus has the compound logic result of the two or more
vectors that correspond to all of the multiple lines fired at a
single position.

[0032] Summing of the vectors that correspond to the
multiple lines fired at a single position occurs over the entire
length of the vectors. Summing over the entire length can
have a filtering effect on speckle, thereby suppressing
speckle.

[0033] By combining line-by-line rather than frame-by-
frame, some embodiments in accordance with the present
invention produce images that are homogeneous or smooth
from near field to the far field. Being smooth from the near
field to the far field can be advantageous in applications
where a border between the near field and the far field would
interfere with imaging.

[0034] In embodiments that vary frequency and focus
between first and second transmission beams, more penetra-
tion is possible in different applications. It may be desirable,
for example, to have deeper penetration in patients with a
large amount of adipose tissue.

[0035] After the execution of all of the scan positions,
A-line memory 58 will have stored a complete frame or
B-image. The data from the A-line memory 58 is converted
by a digital scan converter 61 in a fashion similar to standard
B-image processing, After scan conversion, the data may be
further processed, displayed, or stored in any suitable man-
ner. For example, the data may be printed, displayed on a
monitor, or stored in B-cine memory.

[0036] While the invention has been described with ref-
erence to a preferred embodiment, it will be understood by
those skilled in the art that various changes may be made and
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equivalents may be substituted without departing from the
scope of the invention. In addition, many modifications may
be made to adapt a particular situation or material to the
teachings of the invention without departing from its scope.
Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

What is claimed is:
1. A method for obtaining ultrasound images, comprising:

transmitting first and second ultrasound beams along a
common scan line into a region of interest (ROI) of a
patient;

receiving first and second echoes from said ROI, said first
echo representing reflections along an entire scan line
of said first ultrasound beam, said second echo repre-
senting reflections of said entire scan line of said
second ultrasound beam; and

combining said first and second echoes along said entire
scan line to form a composite scan line in an ultrasound
image.

2. The method of claim 1, wherein said transmitting step
further comprises: transmitting said first and second ultra-
sound beams at different first and second transmission
frequencies.

3. The method of claim 1, wherein said transmitting step
further comprises: transmitting said first and second ultra-
sound beams at different first and second transmission burst
lengths.

4. The method of claim 1, wherein said transmitting step
further comprises: transmitting said first and second ultra-
sound beams at different first and second transmission focus
depths.

5. The method of claim 1, wherein said transmitting step
further comprises: transmitting said first and second ultra-
sound beams at different first and second transmission
apertures.

6. The method of claim 1, wherein said receiving step
further comprises: receiving said first and second echoes at
different first and second receive frequencies.

7. The method of claim 1, wherein said receiving step
further comprises: receiving said first and second echoes at
different first and second receive bandwidths.

8. The method of claim 1, wherein said receiving step
further comprises: receiving said first and second echoes at
different first and second receive focus depths.

9. The method of claim 1, further comprising: multiplying
said first and second echoes with at least one weighting
factor to form first and second weighted echoes; and sum-
ming said first and second weighted echoes.

10. The method of claim 9, wherein the at least one
weighting factor equals 1/N, wherein N is equal to a number
of ultrasound beams transmitted along a common scan line
in said transmitting step.

11. The method of claim 10, wherein:

said transmitting step further comprises transmitting said
first and second ultrasound beams at different focus
depths and at different transmission apertures; and

said receiving step further comprises receiving said first
and second echoes at different receive center frequen-
cies.
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12. The method of claim 1, wherein said transmitting step
transmits at least three ultrasound beams and said receiving
step receives at least three echoes along said entire scan line
that are combined to form said composite scan line.

13. A method for obtaining ultrasound images, compris-

ing:
transmitting first and second ultrasound beams along a

common scan line into a region of interest (ROI) of a
patient;

receiving first and second echoes from said ROI, said first
echo representing reflections along an entire scan line
of said first ultrasound beam, said second echo repre-
senting reflections of said entire scan line of said
second ultrasound beam; and

combining said first and second echoes along said entire
scan line to form a composite scan line in an ultrasound
image;

wherein said first and second ultrasound beams are
focused at predetermined different first and second
depths along said scan line.

14. A method for obtaining ultrasound images, compris-

ing:
transmitting first and second ultrasound beams along a

common scan line into a region of interest (ROI) of a
patient;

receiving first and second echoes from said ROI, said first
echo representing reflections along an entire scan line
of said first ultrasound beam, said second echo repre-
senting reflections of said entire scan line of said
second ultrasound beam; and

combining said first and second echoes along said entire
scan line to form a composite scan line in an ultrasound
image;

wherein said first and second ultrasound beams are gen-
erated by exciting a plurality of transducer elements
defining an aperture size of a probe, said first and
second ultrasound beams being generated with a dif-
ferent number of transducer elements corresponding to
different first and second aperture sizes.

15. The method of claim 14, wherein said receiving step
further comprises: receiving said first and second echoes at
different first and second receive focus depths.

16. A method for obtaining ultrasound images, compris-
ing:

transmitting first and second ultrasound beams along a
common scan line into a region of interest (ROI) of a
patient, said first and second ultrasound beams being
transmitted at different focus depths and at different
transmission apertures,

receiving first and second echoes from said ROI, said first
echo representing reflections along an entire scan line
of said first ultrasound beam, said second echo repre-
senting reflections of said entire scan line of said
second ultrasound beam, said first and second echoes
being at different receive center frequencies;
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multiplying said first and second echoes by a weighting
factor equal to 1/N to form first and second weighted
echoes, wherein N is equal to a number of ultrasound
beams transmitted along a common scan line in said
transmitting step; and

summing said first and second weighted echoes along said
entire scan line to form a composite scan line in an
ultrasound image.
17. A method for obtaining ultrasound images, compris-
ing:

transmitting first and second ultrasound beams along a
common scan line into a region of interest (ROI) of a
patient;

receiving a plurality of first echoes and a plurality of
second echoes from said ROI, said plurality of first
echoes being received simultaneously and representing
reflections along an entire scan line of said first ultra-
sound beam, said plurality of second echoes being
received simultaneously and representing reflections
along said entire scan line of said second ultrasound
beam; and

combining said first plurality of echoes and second plu-
rality of echoes along said entire scan line to form a
composite scan line in an ultrasound image.

18. The method of claim 17, wherein said receiving step
further comprises: receiving said first plurality of echoes and
said second plurality of echoes at different first and second
receive frequencies.

19. The method of claim 17, wherein said receiving step
further comprises: receiving said first plurality of echoes and
said second plurality of echoes at different first and second
receive bandwidths.

20. The method of claim 17, further comprising: multi-
plying said first plurality of echoes and said second plurality
of echoes with at least one weighting factor to form a first
plurality of weighted echoes and a second plurality of
weighted echoes; and summing said first and second plu-
ralities of weighted echoes.

21. The method of claim 20, wherein the at least one
weighting factor equals 1/N, wherein N is equal to a number
of ultrasound beams transmitted along a common scan line
in said transmitting step.

22. The method of claim 21, wherein:

said transmitting step further comprises transmitting said
first and second ultrasound beams at different focus
depths and at different transmission apertures; and

said receiving step further comprises receiving said first
plurality of echoes and said second plurality of echoes
at different receive center frequencies.

23. The method of claim 17, wherein said receiving step
further comprises: receiving said plurality of first echoes and
said plurality of second echoes at different first and second
receive focus depths.
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