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MULTIPLE ULTRASOUND BEAMS
TRANSMITTING AND RECEIVING METHOD
AND APPARATUS

RELATED APPLICATIONS

[0001] The present application claims the priority of the
Chinese Patent Application No. CN200610157174 .4, entitled
“MULTI-BEAM TRANSMITTING AND RECEIVING
METHOD IN AN ULTRASOUND DIAGNOSTIC SYS-
TEM AND APPARATUS FOR THE SAME”, filed on Nov.
28, 2006, which is incorporated herein by reference.

TECHNICAL FIELD

[0002] The invention relates to imaging technologies for
medical ultrasound diagnostic systems, more particularly to a
multiple ultrasound beams transmitting and receiving method
and apparatus.

BACKGROUND TECHNOLOGY

[0003] Itisimportant to study the fast imaging technique of
an ultrasound diagnostic system. Implementation of the fast
imaging lays a solid foundation for realizing some more
advanced technologies. One of the advantages relates to a
higher data rate. Larger amount of information obtained in a
unit time guarantees a better and more accurate image analy-
sis, thus enabling better executions of various techniques. In
particular, the fast imaging technique plays a critical role in
the following respects:

[0004] 1.3D/4D Imaging

[0005] A huge number of data is necessary for both 3D
imaging and 4D imaging. Limitation in the imaging speed
causes unfavorable effect to the 3D imaging.

[0006] 2. Blood Flow Imaging

[0007] Like image quality, the frame rate of the blood flow
imaging has a direct influence on the performance of an
ultrasound imaging system, and is an important parameter for
evaluating an ultrasound imaging system. Most of the mid-
end and low-end ultrasound imaging systems have a rela-
tively low frame rate of blood flow imaging, and can not be
compared to the C mode frame rate of a high-end imaging
system. Therefore, the ultrasound fast imaging is of great
importance. In short, the principle of the ultrasound fast imag-
ing is that data representing a plurality of scan lines are
formed in response to one transmit beam. In other words, it is
possible to realize a parallel acquisition of scan line data. As
a result, the frame rate of the blood flow imaging of the
ultrasound imaging system is significantly enhanced.

[0008] 3. Heart Imaging

[0009] For the heart beating with relatively fast speed, the
frame rate of an ultrasound imaging system is sometimes
more important than the image quality.

[0010] 4. Image Quality

[0011] The existing ultrasound imaging technologies are
confronted with a problem of how to balance the image qual-
ity and the frame rate. For example:

[0012] 1) Two beam transmissions can be used to form one
scan line with high signal-to-noise ratio (SNR) in the syn-
thetic aperture technique;

[0013] i) The beams transmitted from different directions
in different time are used for form scan lines to reduce speck-
les and increasing imaging quality in the complex imaging
technique;
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[0014] iii) With a coded excitation, the Golay code is trans-
mitted for multiple times to minimize the influence of vertical
side lobes;

[0015] iv) The high frame rate can be achieved with a low
density scan in the B-mode heart imaging.

[0016] Imaging quality is improved at the expense of the
frame rate in the items i)~iii), while the high frame rate
sacrifices image quality in the item iv). There is a conflict
between the frame rate and the image quality. With the ultra-
sound fast imaging, this conflict can be solved.

[0017] 5. Heart Related Imaging Technologies

[0018] Many existing high-end ultrasound imaging sys-
tems relate to heart clinical technologies, such as the anatomi-
cal M-mode and cardiac motion analysis. All of them carry
out clinical evaluations and index calculations based on the
position variation of a certain part of a heart with time so that
consecutive images and precise results can be obtained.
Therefore, strict requirements are imposed on the temporal
resolution of a heart image, i.e., the frame rate of the image.
[0019] To improve the frame rate, researchers start to focus
on the multi-beam receive technique. In the multi-beam
reception technique, multiple receive scan lines are formed in
response to one beam transmission, and time for generating a
frame of image is thus reduced and the frame rate is increased.
In addition to the transmission of a fat beam, another techni-
cal challenge confronting the multi-beam reception technique
is how to efficiently eliminate distortion of the receive scan
lines, which is caused because the receive scan lines are
located asymmetrically with respect to the sound field.
[0020] The U.S. Pat. No. 6,666,823 B2, entitled “Beam
combination method and system”, discloses a multi-beam
receiving method, which superimposes the receive scan lines
formed respectively in response to two adjacent transmis-
sions to eliminate distortion of the receive scan lines. As
shown in FIG. 1, TY1, TY2 and TY3 represent respectively
three transmissions, four receive beams along four receive
lines are received in response to one transmission. Two of the
four receive beams in response to TY1 transmission and two
of'the four receive beams in response to TY2 transmission are
overlapping, and the distortion may be removed by weighting
and summing two receive beams along the same receive line.
[0021] However, although the above mentioned existing
technology may correct distortion, it is realized at the cost of
a reduced lateral resolution, because a fat beam has to be
transmitted in order to balance energy, which causes the lat-
eral resolution of the sound field to be reduced. To compen-
sate for the decrease of resolution, a large receive aperture
may be used, which, however, increases hardware cost.

SUMMARY OF THE INVENTION

[0022] The technical problem to be solved by the embodi-
ments of the invention is to provide a multi-beam receiving
method and apparatus, which achieves a higher lateral reso-
lution at a lower hardware cost, and addresses the disadvan-
tages of the above existing technologies.

[0023] The invention achieves this object by using a syn-
thetic aperture technique to overcome a low lateral resolution,
and using multiple beam technique to increase the frame rate.
[0024] In the first aspect of the embodiments of the inven-
tion, there is provided a multiple ultrasound beams transmit-
ting and receiving method, comprising the steps of: transmit-
ting a first fat beam along a first transmit line with a first
transmit aperture; receiving echo of the first fat beam with a
first receive aperture and forming data of a first group of
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receive lines; transmitting a second fat beam along a second
transmit line with a second transmit aperture; receiving echo
of the second fat beam with a second receive aperture and
forming data of a second group of receive lines; constructing
a full receive aperture by combining the first receive aperture
and the second receive aperture, the full receive aperture
centered in the area covering the first group of receive lines
and the second group of receive lines; weighting a data of a
receive line of the first group and a data of a receive line of the
second group collinear with said receive of the first group
respectively, and summing two weighted data.

[0025] In the second aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving method according to the first aspect of the embodi-
ments of the invention, wherein weight of the data of said
receive line of the first group is a function of distance from
said receive line of the first group to the first transmit line, and
weight of the data of said receive line of the second group is
a function of distance from said receive line of the second
group to the second transmit line, the shorter the distance, the
larger the weight, and vice versa.

[0026] Inthe third aspect of the embodiments of the inven-
tion, the multiple ultrasound beams transmitting and receiv-
ing method according to the second aspect of the embodi-
ments of the invention, wherein there are a number N of
receive lines in each of the first group of receive lines and the
second group of receive lines, N being a positive integer.
[0027] In the fourth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving method according to the third aspect of the embodi-
ments of the invention, wherein N is between 4 and 16.
[0028] In the fifth aspect of the embodiments of the inven-
tion, the multiple ultrasound beams transmitting and receiv-
ing method according to the third aspect of the embodiments
ofthe invention, wherein the receive lines in the first group are
equally spaced from one another and symmetrically distrib-
uted with respect to the central point of the first group of
receive lines, and the receive lines in the second group are
equally spaced from one another and symmetrically distrib-
uted with respect to the central point of the second group of
receive lines.

[0029] Inthe sixth aspect of the embodiments of the inven-
tion, the multiple ultrasound beams transmitting and receiv-
ing method according to the fifth aspect of the embodiments
of the invention, wherein the weight satisfies the following
expressions: W, =1-W,, W,=1-W,,, W;=1-W,, ...,
W, W,, W,, ..., W, being weights for data of 1, 27, 379,
..., N* receive lines respectively.

[0030] In the seventh aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving method according to the fifth aspect of the embodi-
ments of the invention, wherein the first group of receive lines
has four receive lines equally spaced from one another and
symmetrically distributed with respect to the central point of
the four receive lines, the second group of receive lines has
four receive lines equally spaced from one another and sym-
metrically distributed with respect to the central point of the
four receive lines, wherein weights of the data of the first
group of receive lines are from right to left respectively:
0.125, 0.375, 0.625, 0.875, and weights of the data of the
second group of receive lines are from right to left respec-
tively: 0.875, 0.625,0.375, 0.125.

[0031] In the eighth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
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receiving method according to the first aspect of the embodi-
ments of the invention, wherein both the first receive aperture
and the second receive aperture are a half receive aperture.
[0032] Intheninth aspect of the embodiments of the inven-
tion, there is provided a multiple ultrasound beams transmit-
ting and receiving apparatus, comprising: a transmit unit for
transmitting a first fat beam along a first transmit line with a
first transmit aperture and transmitting a second fat beam
along a second transmit line with a second transmit aperture;
a receive unit for receiving echo of the first fat beam with a
first receive aperture to form data of a first group of receive
lines, and receiving echo of the second fat beam with a second
receive aperture to form data of a second group of receive
lines; a processing unit for constructing a full receive aperture
by combining the first receive aperture and the second receive
aperture, the full receive aperture centered in the area cover-
ing the first group of receive lines and the second group of
receive lines, and for weighting a data of a receive line of the
first group and a data of a receive line of the second group
collinear with said receive of the first group respectively, and
summing two weighted data.

[0033] Inthe tenth aspect of the embodiments of the inven-
tion, the multiple ultrasound beams transmitting and receiv-
ing apparatus according to the ninth aspect of the embodi-
ments of the invention, wherein weight of the data of said
receive line of the first group is a function of distance from
said receive line of the first group to the first transmit line, and
weight of the data of said receive line of the second group is
a function of distance from said receive line of the second
group to the second transmit line, the shorter the distance, the
larger the weight, and vice versa.

[0034] In the eleventh aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving apparatus according to the tenth aspect of the
embodiments of the invention, wherein there are a number N
of receive lines in each of the first group of receive lines and
the second group of receive lines, N being a positive integer.
[0035] In the twelfth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving apparatus according to the eleventh aspect of the
embodiments of the invention, wherein N is between 4 and
16.

[0036] In the thirteenth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving apparatus according to the eleventh aspect of the
embodiments of the invention, wherein the receive unit is
configured in such a way that the receive lines in the first
group are equally spaced from one another and symmetrically
distributed with respect to the central point of the first group
of receive lines and the receive lines in the second group are
equally spaced from one another and symmetrically distrib-
uted with respect to the central point of the second group of
receive lines.

[0037] In the fourteenth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving apparatus according to the thirteenth aspect of the
embodiments of the invention, wherein the weight satisfies
the following expressions: W,=1-W,, W,=1-W,,,, and
W=1-Wy o, ..., W, W,, W5, ..., W, being weights for
data of 1%, 274, 3" .. N receive lines respectively.
[0038] In the fifteenth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving apparatus according to the thirteenth aspect of the
embodiments of the invention, wherein the first group of
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receive lines has four receive lines equally spaced from one
another and symmetrically distributed with respect to the
central point of the four receive lines, the second group of
receive lines has four receive lines equally spaced from one
another and symmetrically distributed with respect to the
central point of the four receive lines, wherein weights of the
data of the first group of receive lines are from right to left
respectively: 0.125, 0.375, 0.625, 0.875, and weights of the
data of the second group of receive lines are from right to left
respectively: 0.875, 0.625, 0.375, 0.125.

[0039] In the sixteenth aspect of the embodiments of the
invention, the multiple ultrasound beams transmitting and
receiving apparatus according to the ninth aspect of the
embodiments of the invention, 16. The multiple ultrasound
beams transmitting and receiving apparatus according to
claim 9, wherein both the first receive aperture and the second
receive aperture are a half receive aperture.

[0040] Inthe seventeenth aspect of the embodiments of the
invention, there is provided an ultrasound diagnostic system,
comprising: a probe having a transmit unit for transmitting
ultrasound beams along transmit lines in response to excita-
tion signals and having a receive unit for receiving echoes of
the transmitted ultrasound beams; a pulse generator for gen-
erating and supplying the excitation signals to the receive
unit; a transmit/receive switching unit for switching transmit-
ting and receiving operations of the probe; a beamformer for
forming scan line data from the echoes received by the receive
unit of the probe using receive delay and receive apodization;
adetector for generating envelope scan line data from the scan
line data, and a digital scan converter for converting the
envelope scan line data from the detector to other desired
formats, wherein the transmit unit includes a first transmit
aperture and a second transmit aperture, the first transmit
aperture to transmit a first fat beam along the first transmit
line, and the second transmit aperture to transmit a second fat
beam along the second transmit line; the receive unit includes
a first receive aperture and a second receive aperture, the first
receive aperture to receive echo of the first fat beam along a
first group of receive lines, and the second receive aperture to
receive echo of the second fat beam along a second group of
receive lines, the first receive aperture and the second receive
aperture being combined to construct a full receive aperture
centered in the area covering the first receive line and the
second receive line; the beamformer forms data of a first
group of receive lines based on the received echo of the first
fat beam, form data of a second group of receive lines based
on the received echo of the second fat beam, weighting a data
of a receive line of the first group and a data of a receive line
of the second group collinear with said receive of the first
group respectively, and summing two weighted data, respec-
tively, to obtain the scan line data.

[0041] In the eighteenth aspect of the embodiments of the
invention, the ultrasound diagnostic system according to the
seventeenth aspect of the embodiments of the invention,
wherein there are a number N of receive lines in each of the
first group of receive lines and the second group of receive
lines, N ranging between 4 and 16.

[0042] In the nineteenth aspect of the embodiments of the
invention, the ultrasound diagnostic system according to the
eighteenth aspect of the embodiments of the invention,
wherein the receive lines in the first group are equally spaced
from one another and symmetrically distributed with respect
to the central point of the first group of receive lines, and the
receive lines in the second group are equally spaced from one
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another and symmetrically distributed with respect to the
central point of the second group of receive lines.

[0043] In the twentieth aspect of the embodiments of the
invention, the ultrasound diagnostic system according to the
seventeenth aspect of the embodiments of the invention,
wherein both the first receive aperture and the second receive
aperture are a half receive aperture.

[0044] Compared to the existing technologies, the advan-
tages of the multi-beam transmitting and receiving method
and apparatus for an ultrasound diagnostic system according
to the embodiments of the invention are that the merits of the
synthetic aperture and the distortion elimination with the
multi-beam technique are combined, thereby enhancing the
imaging frame rate of the ultrasound diagnostic system while
still promising a desired lateral resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG.1 is a schematic diagram illustrating distortion
elimination by multiple beam technique in an existing ultra-
sound imaging system;

[0046] FIG. 2 is a functional block diagram of an ultra-
sound imaging system which can be used to implement the
embodiments of the invention;

[0047] FIG. 3 is a schematic diagram illustrating distortion
occurring during the multiple beam reception;

[0048] FIG. 4 is a schematic diagram illustrating the multi-
beam receiving method according to the embodiments of the
invention;

[0049] FIG. 5 is a schematic flow chart of forming a com-
plete frame of data using the multi-beam receiving method
according to the embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0050] The apparatus and method according to the embodi-
ments of the invention will be described hereunder in details
with reference to the accompanying drawings and the
embodiments illustrated in the accompanying drawings.
[0051] FIG. 2 is a functional block diagram of an ultra-
sound imaging system which can be used to implement the
embodiments of the invention. A pulse generator activates
each array element of a probe to transmit a beam based on the
transmit wave and transmit delay. A tissue reflects the trans-
mitted beam as echoes, and the echoes, having been received
and detected by the array elements at the receive aperture of
the probe, are transmitted to a beamformer, which combines
the echoes into data of single scan line based on receive delays
and apodization. The envelope data of the scan line is there-
after derived from the data of the scan line by a detector. The
detector is also operable to perform sub-sampling and loga-
rithniic compression, etc. Subsequently, a digital scan con-
verter formats the envelope data in polar coordinate form into
the rectangular coordinate format to be displayed by a dis-
play. Above are general descriptions to a single-beam. For
multi-beams, the beamformer generates multiple scan lines in
parallel in response to one transmission, thus greatly increas-
ing the frame rate of the ultrasound imaging system. For
multi-beams, the following problems should be addressed.
[0052] One problem is that a fat beam needs to be transmit-
ted. To ensure enough energy at the receive lines, the sound
field of the fat beam is required to have energy that is strong
enough at the receive lines. If the sound field can not spatially
cover all of the receive lines, the energy of some receive lines
may vary, thus causing a distorted image. Therefore, for



US 2008/0125656 Al

multi-beams, a sound beam that is wide enough is required to
be transmitted, such that the major energy of the sound field
is strong enough to spatially cover the receive lines. Trans-
mission of a fat beam may be implemented, for example, by
reducing a transmit aperture, using a non-strong focusing
delay curve, or employing a transmit apodization.

[0053] Another problem relates to distortion. As shown in
FIG. 3, for example, four receive beams along the four receive
lines Rx1a~Rx1d are received for a transmit beam along the
transmit line Tx1. The center of the sound field of the transmit
beam is located where the transmit line Tx1 is situated. Dis-
tortion is caused due to the asymmetry of the sound field in the
four receive lines after beamforming. The obtained scan lines
are curved lines, as indicated by the dotted lines in FIG. 3.
Since Rx1a and Rx1d are located at a farther distance from
Tx1, the distortions corresponding to Rxla and Rx1d are
more severe than those corresponding to Rx16 and Rx1c. In
addition, as Rx1a~Rx1d located at different directions with
respect to the transmit line Tx1, the distortion direction cor-
responding to Rx1a and Rx15 is opposite to that correspond-
ing to Rx1¢ and Rx1d.

[0054] A yet further problem with the multi-beams is a
reduced lateral resolution. The multi-beam reception technol-
ogy requires transmission of a fat beam, but a broad sound
field of the fat beam results in reduction of the lateral resolu-
tion. In principle, this problem may be addressed by increas-
ing the receive aperture.

[0055] The fourth problem relates to the cost for manufac-
turing the ultrasound imaging system. The multi-beam tech-
nique demands a parallel processing, so more resources are
required. Besides, to increase the receive aperture for com-
pensating the lowered lateral resolution, more channels are
need, which also contributes to the high cost for manufactur-
ing the ultrasound imaging system.

[0056] To solve the conflict between the cost of the ultra-
sound imaging system and the image quality, the invention
makes use of a synthetic aperture as well as eliminating
distortion by overlapping multiple beams. Whereby, the
frame rate can be increased by overlapping multiple beams,
and meanwhile the insufficiency of the lateral resolution is
overcome at the result of synthetic aperture. In general, two
scan lines that are distorted in reverse directions are over-
lapped to reduce or eliminate distortion with multi-beams,
therefore decreasing the frame rate by half. As to the synthetic
aperture technique, two transmissions are demanded, and
thus two scan lines that are distorted in reverse directions can
be formed with a right half aperture and a left half aperture
respectively and combined as a scan line without distortion,
also decreasing the frame rate by half. That is, in general,
using both synthetic aperture and multi-beam techniques
simultaneously results in a quarter of the original frame rate.
If eight receive beams are formed for a transmit beam, the
frame rate will decrease by half only, because the multi-beam
technology of the embodiments of the invention uses a syn-
thetic aperture to compensate for the reduced resolution. In
other words, if eight receive beams are formed for a transmit
beam, what is really obtained will be a four-beam imaging.
[0057] Hereunder, the technical solutions according to the
embodiments of the invention will be more particularly illus-
trated taking “four receive beams formed for one transmit
beam” as an example. As shown in FIG. 4, a fat beam is first
transmitted along the transmit line Tx1 with a transmit aper-
ture, and the corresponding receive beams are formed along
receive lines Rx1a~Rx1d. A second fat beam is then trans-
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mitted along Tx2 with the transmit aperture, and the corre-
sponding receive beams are formed along receive lines
Rx2a~Rx2d, which are co-linear with Rx1a~Rx1d respec-
tively.

[0058] To obtain a desired lateral resolution while saving
cost, only half aperture is used for receiving a transmit beam.
As shown in FIG. 4, one half aperture, the half of the receive
aperture Rx1Aperture, is used to receive the Tx1 transmis-
sion, the array elements being indicated by the dark solid
rectangles. Another half aperture, the half of the receive aper-
ture Rx2Aperture, is used to receive the Tx2 transmission,
indicated by rectangle with black sides. These two half aper-
tures form a complete receive aperture, the center of which is
at the midpoint of the area where all receive lines are distrib-
uted.

[0059] Distortion depends on the position relationship
between the sound field of the transmit beam and the receive
lines. Therefore, using a half aperture for receiving beams
does not influence the distortion directions of the receive
lines. As shown in the figure, each of the receive lines is
accompanied with a dotted line, which denotes the distortion
direction of each of these receive lines. It can be seen that
distortions vary from one another in direction and magnitude
because the receive lines are at different positions with
respect to the transmit line. The distortion direction of the
receive lines Rxla~Rx1d is opposite to that of the receive
lines Rx2a~Rx2d. This distortion can be ameliorated by
weighing and summing technique. For example, itis assumed
that the weights corresponding to the four receive lines
Rx1a~Rx1d are respectively W, W,, W5, W,. According to
the symmetry, there are in fact only two weights, because
W =1-W, and W,=1-W,. As to the four-beam reception
with equally spaced receive lines as shown in FIG. 4, the
weights may be 0.125,0.375, 0.625, 0.875. Thus, in general,
if N receive beams are formed for each transmit beam, the
number of required weights is [N/2+40.5], wherein [ ] is
representative of rounding. The setting of specific weight may
be done in a variety of ways, for example, a weight may be the
ratio of the distance between a receive line Rx1a~Rx1d and
respective transmit line Tx1 to the distance between another
collinear receive line Rx2a~Rx2d and the adjacent transmit
line Tx2. A main consideration for the setting of weights
should be given to the distance of each receive line with
respect to respective transmit line. Taking two lines Rx1a and
Rx2a as an example, the distortion of Rx1a is smaller than
that of Rx2a, therefore the weight of Rx1a should be larger
than that of Rx2a.

[0060] As shown in FIG. 4, a left half aperture reception is
used in response to a left beam transmission, and a right half
aperture reception is used in response to a right beam trans-
mission. As a matter of fact, it is also feasible that a left half
aperture reception is used in response to a right beam trans-
mission, and a right half aperture reception is used in response
to a left beam transmission.

[0061] FIG. 4 illustrates a method for obtaining four
receive beams corresponding to four receive lines. Specifi-
cally, a fat beam is transmitted at the left side of the area of the
four receive lines, which should have enough energy to cover
the area. The left half receive aperture of the complete receive
aperture centered on the midpoint of the area is used for
receiving echo along the four receive lines in response to the
transmission of the fat beam. A beamformer then forms first
four receive beams. Similarly, another fat beam is transmitted
at the right side of the area, and the right half receive aperture
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of the complete receive aperture is used for receiving echo
along the four receive lines in response to the transmission of
the another fat beam. The beamformer forms second four
receive beams co-linear with the first four receive beams.
Finally, the first four receive beams and the second four
receive beams are weighted respectively and combined to
obtain the final four receive scan lines which are equal to four
receive scan lines obtained by means of a complete aperture.
[0062] FIG.5 isa flow chart for obtaining a complete frame
of data. Specifically, all of receive lines are grouped based on
the number of receive beams formed for each transmit beam.
Two fat beam transmissions and two half receive apertures are
needed for forming a set of data of a group of receive lines and
another set of data of the group of receive lines respectively,
as shown in FIG. 4. Finally, the set of data and the another set
of data are weighted respectively and summed to eliminate
distortion, thereby obtaining a group of scan lines corre-
sponding to the complete receive aperture with distortion
eliminated. As each set of data of respective group of receive
lines is obtained only by means of two transmissions, if the
number of receive lines in each group is N, the number of
receive lines for a frame of image is TxN, then there may be
T groups of receive lines, and the number of beam transmis-
sions is (TxN)/Nx2=2T. Suppose N=8, a frame of image has
128 receive lines (i.e., T=16), and each frame of image
demands 32 beam transmissions. Therefore, the frame rate is
four times of the frame rate by a single-beam transmission. If
a synthetic aperture technique is employed simultaneously,
the frame rate may be eight times as compared with the
single-beam technique.

[0063] Although the embodiments of the invention has
been described above with reference to specific embodiments
thereof, it is not intended that the embodiments of the inven-
tion be limited to the above-mentioned embodiments. Various
modifications and alternations may be made to the embodi-
ments of the invention without departing from the spirit of the
embodiments of the invention. The scope of the embodiments
of the invention is defined by the appended claims.

What is claimed is:

1. A multiple ultrasound beams transmitting and receiving
method, comprising the steps of:

transmitting a first fat beam along a first transmit line (Tx1)

with a first transmit aperture;
receiving echo of the first fat beam with a first receive
aperture (Rx1Aperture) and forming data of a first group
of receive lines (Rx1a, Rx1b, Rx1c, Rx1d);

transmitting a second fat beam along a second transmit line
(Tx2) with a second transmit aperture;

receiving echo ofthe second fat beam with a second receive
aperture (Rx2Aperture) and forming data of a second
group of receive lines (Rx2a, Rx2b, Rx2¢, Rx2d);

constructing a full receive aperture (Rx1Aperture,
Rx2Aperture) by combining the first receive aperture
and the second receive aperture, the full receive aperture
centered in the area covering the first group of receive
lines and the second group of receive lines;

weighting a data of a receive line of the first group and a

data of a receive line of the second group collinear with
said receive of the first group respectively, and summing
two weighted data.

2. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 1, wherein weight of the data
of said receive line of the first group is a function of distance
from said receive line of the first group to the first transmit

May 29, 2008

line, and weight of the data of said receive line of the second
group is a function of distance from said receive line of the
second group to the second transmit line, the shorter the
distance, the larger the weight, and vice versa.

3. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 2, wherein there are a number
N ofreceive lines in each of the first group of receive lines and
the second group of receive lines, N being a positive integer.

4. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 3, wherein N is between 4 and
16.

5. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 3, wherein the receive lines in
the first group are equally spaced from one another and sym-
metrically distributed with respect to the central point of the
first group of receive lines, and the receive lines in the second
group are equally spaced from one another and symmetrically
distributed with respect to the central point of the second
group of receive lines.

6. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 5, wherein the weight satisfies
the following expressions: W,=1-W,, W, =1-W, |,
W,=1-W,_,, W, W,, W, ..., W, being weights for data of
157,274, 37 N receive lines respectively.

7. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 5, wherein the first group of
receive lines has four receive lines equally spaced from one
another and symmetrically distributed with respect to the
central point of the four receive lines, the second group of
receive lines has four receive lines equally spaced from one
another and symmetrically distributed with respect to the
central point of the four receive lines, wherein weights of the
data of the first group of receive lines are from right to left
respectively: 0.125, 0.375, 0.625, 0.875, and weights of the
data of the second group of receive lines are from right to left
respectively: 0.875, 0.625, 0.375, 0.125.

8. The multiple ultrasound beams transmitting and receiv-
ing method according to claim 1, wherein both the first
receive aperture and the second receive aperture are a half
receive aperture.

9. A multiple ultrasound beams transmitting and receiving
apparatus, comprising;

a transmit unit for transmitting a first fat beam along a first
transmit line (Tx1) with a first transmit aperture and
transmitting a second fat beam along a second transmit
line (Tx2) with a second transmit aperture,

a receive unit for receiving echo of the first fat beam with a
first receive aperture (Rx1Aperture) to form data of a
first group of receive lines (Rx1a, Rx1b, Rx1c, Rx1d),
and receiving echo of the second fat beam with a second
receive aperture (Rx2Aperture) to form data of a second
group of receive lines (Rx2a, Rx2b, Rx2¢, Rx2d),

a processing unit for constructing a full receive aperture
(Rx1Aperture, Rx2Aperture) by combining the first
receive aperture and the second receive aperture, the full
receive aperture centered in the area covering the first
group of receive lines and the second group of receive
lines, and for weighting a data of a receive line of the first
group and a data of a receive line of the second group
collinear with said receive of the first group respectively,
and summing two weighted data.

10. The multiple ultrasound beams transmitting and receiv-

ing apparatus according to claim 9, wherein weight of the data
of said receive line of the first group is a function of distance
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from said receive line of the first group to the first transmit
line, and weight of the data of said receive line of the second
group is a function of distance from said receive line of the
second group to the second transmit line, the shorter the
distance, the larger the weight, and vice versa.

11. The multiple ultrasound beams transmitting and receiv-
ing apparatus according to claim 10, wherein there are a
number N of receive lines in each of the first group of receive
lines and the second group of receive lines, N being a positive
integer.

12. The multiple ultrasound beams transmitting and receiv-
ing apparatus according to claim 11, wherein N is between 4
and 16.

13. The multiple ultrasound beams transmitting and receiv-
ing apparatus according to claim 11, wherein the receive unit
is configured in such a way that the receive lines in the first
group are equally spaced from one another and symmetrically
distributed with respect to the central point of the first group
of receive lines and the receive lines in the second group are
equally spaced from one another and symmetrically distrib-
uted with respect to the central point of the second group of
receive lines.

14. The multiple ultrasound beams transmitting and receiv-
ing apparatus according to claim 13, wherein the weight
satisfies the following expressions: W,=1-W,, W,=1-W,_
,and Wy=1-Wy,, ..., W W, W, ... W, being weights
for data of 1%, 2", 3¢, . . . N receive lines respectively.

15. The multiple ultrasound beams transmitting and receiv-
ing apparatus according to claim 13, wherein the first group of
receive lines has four receive lines equally spaced from one
another and symmetrically distributed with respect to the
central point of the four receive lines, the second group of
receive lines has four receive lines equally spaced from one
another and symmetrically distributed with respect to the
central point of the four receive lines, wherein weights of the
data of the first group of receive lines are from right to left
respectively: 0.125, 0.375, 0.625, 0.875, and weights of the
data of the second group of receive lines are from right to left
respectively: 0.875, 0.625, 0.375, 0.125.

16. The multiple ultrasound beams transmitting and receiv-
ing apparatus according to claim 9, wherein both the first
receive aperture and the second receive aperture are a half
receive aperture.

17. An ultrasound diagnostic system, comprising:

a probe having a transmit unit for transmitting ultrasound
beams along transmit lines in response to excitation
signals and having a receive unit for receiving echoes of
the transmitted ultrasound beams,

a pulse generator for generating and supplying the excita-
tion signals to the receive unit,
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a transmit/receive switching unit for switching transmit-
ting and receiving operations of the probe,

a beamformer for forming scan line data from the echoes
received by the receive unit of the probe using receive
delay and receive apodization,

a detector for generating envelope scan line data from the
scan line data, and

a digital scan converter for converting the envelope scan
line data from the detector to other desired formats,

wherein:

the transmit unit includes a first transmit aperture and a
second transmit aperture, the first transmit aperture to
transmit a first fat beam along the first transmit line, and
the second transmit aperture to transmit a second fat
beam along the second transmit line;

the receive unit includes a first receive aperture and a
second receive aperture, the first receive aperture to
receive echo of the first fat beam along a first group of
receive lines, and the second receive aperture to receive
echo of the second fat beam along a second group of
receive lines, the first receive aperture and the second
receive aperture being combined to construct a full
receive aperture centered in the area covering the first
receive line and the second receive line,

the beamformer forms data of a first group of receive lines
(Rx1a, Rx1b, Rx1c, Rx1d) based on the received echo of
the first fat beam, form data of a second group of receive
lines (Rx2a, Rx2b, Rx2¢, Rx2d) based on the received
echo of the second fat beam, weighting a data of a
receive line of the first group and a data of a receive line
of the second group collinear with said receive of the
first group respectively, and summing two weighted
data, respectively, to obtain the scan line data.

18. The ultrasound diagnostic system according to claim
17, wherein there are a number N of receive lines in each of
the first group of receive lines and the second group of receive
lines, N ranging between 4 and 16.

19. The ultrasound diagnostic system according to claim
18, wherein the receive lines in the first group are equally
spaced from one another and symmetrically distributed with
respect to the central point of the first group of receive lines,
and the receive lines in the second group are equally spaced
from one another and symmetrically distributed with respect
to the central point of the second group of receive lines.

20. The ultrasound diagnostic system according to claim
17, wherein both the first receive aperture and the second
receive aperture are a half receive aperture.
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