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7) ABSTRACT

A three-dimensional (3D) ultrasound imaging system per-
forms receive-focusing at voxels corresponding to pixels of
a display device. The system comprises a display device,
transducers for transmitting ultrasound signals toward the
object and receiving echo signals from a voxel correspond-
ing to a pixel on the display device, wherein the voxel is on
a scanning region of the object; an RF volume memory for
storing signals from the transducers; a signal processor for
processing the stored signals to obtain 3D data sets with
respect to the voxel; and an image former for forming the 3D
image.
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Fig. 4
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THREE-DIMENSIONAL ULTRASOUND IMAGING
SYSTEM FOR PERFORMING
RECEIVE-FOCUSING AT VOXELS
CORRESPONDING TO DISPLAY PIXELS

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
imaging system, and more particularly, to a three-dimen-
sional ultrasound imaging system for performing receive-
focusing at voxels corresponding to pixels of a display
device.

BACKGROUND OF THE INVENTION

[0002] Ultrasound imaging systerns are widely used in the
medical diagnostic field for their ability to obtain the image
of an object non-invasively, i.e., by transmitting ultrasound
signals to the object and processing their reflection. conven-
tional, three- dimensional (3D) ultrasound imaging systems
have an array of ultrasound transducers or probes for gen-
erating ultrasound pulses and receiving echo signals of the
ultrasound pulses reflected off an object. Ultrasound pulses
from the array of ultrasound transducers are transmit-fo-
cused to a desired point by controlling the timing of the
ultrasound pulse generation at each of the transducers.
Specifically, the timing control of the ultrasound pulse
generation compensates for propagation delays due to the
different distances between respective transducers and par-
ticular points on a scan line. By sequentially delaying the
generation of ultrasound pulses from the transducers, all the
ultrasound pulses are simultaneously focused to a particular
point. Simultaneous reception of the reflected ultrasound
pulses by the array of transducers is also made possible by
sequentially adjusting the receive-timings of respective
transducers—the greater the distance from a respective
transducer to a particular point, the more receive delay
provided to that transducer.

[0003] In order to obtain an accurate 3D image of an
object, transmit-focusing to multiple points on the target
object is needed. But after the transmission of ultrasound
pulses to the target point, transmission to another target
point must wait until all the reflected ultrasound pulses are
received, including the one reflected from the farthest point.
Increasing the number of transmit focal points has the
drawback of increasing the amount of time required to
obtain an 3D image, thus reducing the frame rate.

[0004] Where the transmission focuses on a single point,
the frame rate is determined by the following equation:

1 2D

— = xnN. Eq. (1)
c

[0005] FR is the frame rate; D is the depth of the scan; ¢
is the velocity of ultrasound transmission in the medium;
and N is the number of scan lines. As seen in Eq. 1, the frame
rate is inversely proportional to the number of scan lines.
Thus, there is a trade-off between frame rate and the number
of scan lines.

[0006] One conventional solution is the sequential appli-
cation of a radial scan pattern over the entire diagnostic area
along N number of the scan lines to predetermined points. In
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addition to a radial scan pattern, a parallel scan line pattern
has also been widely used. With these scanning methods,
i.e., dynamic receive-focusing methods, the receive-focus-
ing is achieved only on points along the scan lines, limiting
collection of data of an object to these points of the scan
lines.

[0007] Referring to FIG. 1, 3D ultrasound imaging system
100 includes transducer array 102, beamformer 104, enve-
lope detector 106, log compensator 108, digital scan con-
verter 110, image former 112, and display device 114.
Envelope detector 106 and log compensator 108 constitute
echo signal processing unit 116. Array 102 sequentially
transmits ultrasound pulses to be focused on target points on
the scan lines of an object. After transmitting the ultrasound
pulses to one of the scan lines, the respective transducers
receive echoes reflected from the target points. Beamformer
104 focuses the received echo from a target point on the scan
lines for storage in the form of radio frequency (RF) data.
Beamformer 104 repeats this receive-focusing for each of
the target points on every scan line, to acquire data about the
shape of the object. The data acquired by beamformer 104
is processed through envelope detector 106, log compensa-
tor 108, and digital scan converter 110, to thereby become a
3D data set used in obtaining desired 3D images.

[0008] Display device 114 generally has pixels arranged in
a matrix on its screen and each pixel should be provided with
display data to form a 3D image. Digital scan converter 110
first stores data which is receive-focused and the converts
the data to a horizontal raster line display format used in
most display devices. The converted data is the 3D data set.
The 3D data set of the object, acquired by using the dynamic
receive-focusing scheme, is limited to the focused target
points on the scan lines. These focused target points do not
necessarily coincide with actual pixel points on the display
device (these actual pixel points corresponding to the pixel
locations on the display device will simply be referred to as
“pixel points” hereafter). Thus, digital scan converter 110
has to perform 3D (R-8) interpolation, as is well known in
the art, on the 3D data set to provide display data for all the
pixels of the display device. For example, in the case of a
radial scan pattern, because the distance between adjacent
scan lines become greater as you get farther away from the
transducers, the number of pixel points is greater where a 3D
data set is not acquired directly from the receive-focused
data. Using the 3D data set from digital scan converter 110,
image former 112 forms a 3D image to display on display
device 114. Digital scan converter 110 must also perform
interpolation in the case of a parallel scan pattern.

[0009] Thus, conventional 3D ultrasound imaging systems
first obtain a 3D data set after forming a 2D image, by using
display data acquired in one frame, and then form a 3D
image based on that 3D data set. Consequently, the quality
of the 3D image is dependent on the 2D image. Because
conventional systems must perform this digital scan con-
version to obtain 3D data sets, some distortion is introduced
into the 3D image.

SUMMARY OF THE INVENTION

[0010] Itis, therefore, an object of the present invention to
provide a three-dimensional (3D) ultrasound imaging sys-
tem for forming a 3D image comprising: a display device; at
least one transducer, for transmitting ultrasound signals
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toward an object and receiving echo signals from a voxel
corresponding to a pixel on the display device, wherein the
voxel is on a scanning region of the object; signal storing
means for storing signals from at least one of the transduc-
ers; signal processing means for processing the stored sig-
nals to obtain 3D data sets with respect to the voxel; and
image forming means for forming a 3D image based on the
3D data sets.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0011] The above and other objects and features of the
present invention will become apparent from the following
description of preferred embodiments given in conjunction
with the accompanying drawings.

[0012] FIG. 1 is a schematic block diagram of a conven-
tional three-dimensional (3D) ultrasound imaging system.

[0013] FIG. 2 is a two-dimensional (2D) representation of
a voxel corresponding to one of the pixels on a display
device and the RF data surrounding the voxel in accordance
with the present invention.

[0014] FIG. 3 is a diagram for explaining a method of
acquisition of 3D data sets required to generate a 3D image.

[0015] FIG. 4 is a comparison between RF signals
receive-focused at voxels corresponding to pixels in the
display device and values on the envelope.

[0016] FIG. 5 is a schematic block diagram of a 3D
ultrasound imaging system in accordance with an embodi-
ment of the present invention.

[0017] FIG. 6 is a schematic block diagram of a 3D
ultrasound imaging system in accordance with another
embodiment of the present invention.

[0018] FIG. 7 is a schematic block diagram of a 3D
ultrasound imaging system in accordance with yet another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

[0019] A three-dimensional (3D) ultrasound imaging sys-
tem in accordance with the present invention will be
described with reference to FIGS. 2 and 7.

[0020] Referring first to FIG. 2, there is a two-dimen-
sional (2D) representation of a voxel corresponding to a
pixel on a display device and RF data 202-208 surrounding
the voxel, wherein the voxel exists on a space between
consecutive frames. For the sake of convenience, voxel I(x,
y, z) is represented on a 2D plane by projecting spatial
positions of scan lines of each frame and voxel I(x, y, z) at
the apex of the adjacent frames spatially closest to voxel I(x,
y, z) corresponding to the pixel on the display device. Unlike
conventional methods, the receive-focusing method in
accordance with the present invention receive-focuses echo
signals from voxel I(x, y, z) to directly obtain 3D data sets
necessary for forming a 3D image.

[0021] FIG. 3 is a diagram of a method for performing
receive-focusing on voxel I(x, y, z) in accordance with the
present invention. In the following descriptions, M channels
or transducers are used for transmission and reception for a
predetermined scan line out of total of N scan lines within
two consecutive frames.
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[0022] Forexample, a curvilinear array of transducers (not
shown) may be used wherein the radius of curvature of the
array is R(mm) with scan angle 8, .. and depth D(mm). To
obtain 3D data sets with respect to a corresponding voxel,
i.e., voxel I(x, v, z) of FIG. 2, determination of what data out
of all RF data 202-208 is used is made by considering spatial
distances between consecutive frames as well as between
scan lines of each frame. The calculation of the time delay
for the receive-focusing RF data 202-208 is also considered.

[0023] The data acquired by the curvilinear array (not
shown) is converted to RF data as follows. After transmit-
focusing ultrasound signals along one of N scan lines, which
are radially spaced by angle AB with respect to apex (X,,
Ya, Zy) of FIG. 3, an echo signal is sampled by M
transducers at predetermined frequency f_ and stored. Refer-
ring to FIG. 3, solid-line rectangle 302 represents the n™
frame of two consecutive frames and dashed-line rectangle
304 represents the (n+1)™ frame. Each of the two consecu-
tive frames is N xN,.

[0024] Direct receive-focusing of the echo signal from
voxel I(X, y, z) corresponding to a pixel on the display device
by using RF data with respect to the most adjacent actual
scan line, e.g., the k™ scan line, within the N™ frame occurs
as follows. First, an actual scan line that is closest to a virtual
scan line extending from apex (X4, Ya, Z4) to voxel I(x, v,
z) that meets the following equation.

Minimize|6,,-6,|, 1Sk SN Eq. (2)

[0025] wherein 0, is the angle between the virtual scan
line and a first actual scan line and 0, is the angle between
the first actual scan line and the k™ actual scan line is
identified. In order to directly obtain receive-focused data on
voxel I(x, y, z), RF data that is received from transmit-
focusing ultrasound signals on the k™ actual scan line is
used.

[0026] For generating 3D data scts about voxel I(x, y, z),
RF data that is receive-focused on L points including voxel
I(x, y, z) on the virtual scan line is obtained, wherein the
interval between each of L points is identical to a sampling
rate and represented by an “X” on the virtual scan line. As
is well known in the art, RF data about L points around voxel
I(x, v, z) is needed because the receive-focused data of voxel
I(x, v, z) will not be used directly to generate the 3D data sets
for the pixels on the display device. Instead, the correspond-
ing envelope of a waveform based on L points is used.
Specifically, after obtaining receive-focused data about L
points from point (x,, y,, z;) to point (X;, yy, z;) on the
virtual scan line, a waveform representing the receive-
focused data is made to generate 3D data sets for voxel I(x,
y, z). A waveform represented by the receive-focused data is
shown in FIG. 4. Referring to FIG. 4, though the signal
detected at the voxel of interest is actually represented by
small circle 402, the peak of the waveform, represented by
a circle 404, is the effective data for the 3D data sets.

[0027] By repeating the process described above with
reference to FIGS. 3 and 4 for all voxels within the object
corresponding to the pixels on the display device, the 3D
data sets required to display an entire 3D image can be
obtained. Subsequently, 3D data sets corresponding to voxel
I(x, y, z) are obtained through the above-mentioned process
by using RF data with respect to an actual scan line, i.c., the
k'™ scan line, of the (n+1)*® frame most adjacent to voxel I(x,

¥, 7).
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[0028] Referring now to FIG. 5, a schematic block dia-
gram of a 3D ultrasound imaging system in accordance with
an embodiment of the present invention, 3D ultrasound
imaging system 500 includes analog receiver 502, analog-
to-digital (A/D) converter 504, RF volume memory 506,
beamformers 508 and 512, envelope detectors 510 and 514,
log compensator 522, image former 524, and display device
526. System 500 does not include digital scan converter 110
of the conventional system 100.

[0029] Analog receiver 502 receives RF data from an
array of transducers (not shown), similar to array 102 in
FIG. 1, and transfers them to A/D converter 504. A/D
converter 504 converts the RF data sampled with a prede-
termined frequency, e.g., f,, into digital RF data to transfer
them to RF volume memory 506. RF volume memory 506
then stores the digital RF data. That is, RF volume memory
506 stores digital RF data with respect to each of the
consecutive frames. The digital RF data stored in RF volume
memory 506 are obtained by transmit-focusing ultrasound
signals and sampling, with a predetermined frequency f, the
RF signals received at M transducers about all N scan lines
within each of P frames. The size of RF volume memory 506
required for storing digital RF data of one frame for a scan
depth D is:

N2 Eq. (3)
c

[0030] Thus, two times the RF volume memory given by
Eq. 3 is required in the present invention, since at least two
consecutive frames are used. The digital RF data stored in
RF volume memory 506 is transferred through beamformers
508 and 512 to echo signal processing unit 550 including
envelope detectors §10 and 514 and log compensator 522.
Echo signal processing unit S50 generates 3D data sets
corresponding to pixels on display device 526.

[0031] 3D ultrasound imaging system 500 may be used to
obtain 3D data sets with respect to voxel I(x, y, z) by using
RF data 202 and 206 within the n® frame adjacent to voxel
I(x, y, z). Specifically, 3D ultrasound imaging system 500
employs two beamformers 508 and 512 and is used in the
case that voxel I(x, y, z) meets the following condition:

Eq. (4)

[0032] whereinr,, represents a distance between voxel I(x,
y, ) and RF data 202 positioned on the k™ scan line of the
n'™ frame; Ty, 1S @ distance between voxel I(x, y, z) and RF
data 204 located on the k™ scan line of the (n+1)™ frame;
Iy, fepresents a distance between voxel I(x, v, Z) and RF
data 206 pos1t10ned on the (k+1)™ scan line of the n' frame;
and rg,,y Is a distance between voxel I(x, y, z) and RF data
208 located on the (k+1)™ scan line of the (n+1)™ frame (as
shown in FIG. 2). Here, n and k are integers. When voxel
I(x, y, ) is adjacent to the n'? aframe of consecutive frames,
system 500 performs the receive-focusing by using RF data
202 and 206 with respect to the most adjacent scan lines, i.c.,
the k™ and (k+1)™ scan lines. Thus, RF data 202 with respect
to the k™ scan line of the n™ frame are transferred from RF
volume memory 506 to beamformer 508 through line L1,
while RF data 206 with respect to the (k+1)™ scan line of the
™ frame are transmitted through line 1.2.

Tnelngqy “lar ) Tty
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[0033] Although, system 500 employs the quadrature
demodulation technique for the envelope detection, the
present invention is by no means limited thereto. Any
suitable envelope detection method may be used.

[0034] Ultrasound signal does not attenuate uniformly, at
all the frequencies, when propagating through a material.
Higher frequency ultrasound signals attenuate much faster
than lower frequency ultrasound signals. Therefore, the
output signals from beamformers 508 and 512 should pass
a dynamic band-pass filter, whose pass band varies depend-
ing on the distance traveled by a received ultrasound signal.
Referring to FIG. 5, by changing frequency w,, of a sine or
cosine signal that is multiplied to the outputs of beamform-
ers 508 and 512 and cut-off frequency f. of low-pass filter,
dynamic band passing can be performed simultaneously in
envelope detectors 510 and 512. Alternatively, a separate
dynamic band-pass filter may be used.

[0035] Multiplier 516 multiplies weight w_ to the output
signal from envelope detector 510, which bears RF data 202
with respect to the k™ scan line of the n'® frame, and transfers
it to adder 518. Similarly, multiplier 520 multiplies weight
Wi 1O the output signal from envelope detector 514, which
bears RF data 206 with respect to the (k+1)™ scan line of the
" frame, and transmits it to adder 518. Weights @, o a0d

Wn are expressed as follows:
(k+1)

= kL Eg. (5)
k(S + Sien)
Sk
= (S + S

[0036] wherein S, represents a distance between voxel I(x,
y, z) and the k™ scan line; and S,,, is a distance between
voxel I(x, y, z) and the (k+1)™ scan line (as shown in FIG.

2).

[0037] Referring to FIG. 5, RF volume memory 506 is
made up of a plurality of memory devices, each of which
stores data for one image frame, in order to display the 3D
image in real-time. Specifically, while RF data stored in one
volume memory is used to display the 3D image, another
volume memory should be able to store RF data for the next
frame.

[0038] Adder 518 adds the weighted signals from multi-
pliers 516 and 520 to transfer them to log compensator 522.
Log compensator 522 compensates for the differences in the
dynamic ranges of envelope detectors 510 and 514 and
display device 526. Log compensated signals represent 3D
data sets for use in the formation of the 3D image of the
object. In order to display the 3D image, image former 524
is required to map the 3D data sets on the display device 526.
Image former 524 maps the 3D data sets by using any of the
known methods, such as surface rendering, volume render-
ing, and section reconstruction.

[0039] Referring now to FIG. 6, a schematic block dia-
gram of a 3D ultrasound imaging system in accordance with
another embodiment of the present invention, 3D ultrasound
imaging system 600 is used to obtain 3D data sets about
voxel I(x, y, z) by using RF data 202 and 204 with respect
to the k™ scan line of the two consecutive frames, i.e., the n'®
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and (n+1)™ frames. Specifically, system 600 is used where
voxel I(x, y, z) meets the following condition:

Togo Tt Tgeray T Eq. (6).
[0040] System 600 includes analog receiver 602, A/D
converter 604, RF volume memory 606, two beamformers
608 and 612, two envelope detectors 610 and 614, two
multipliers 616 and 620, log compensator 622, image former
624, and display device 626. The operation of system 600 is
identical to that of the system 500 (shown in FIG. §), except
for the processing of signals in envelope detectors 610 and
614. Thus, only the operation of envelope detectors 610 and
614 will be described.

[0041] RF volume memory 606 provides RF data 202 with
respect to the k™ scan line of the n™ frame via line L1 to
envelope detector 610 through beamformer 608. Similarly,
RF volume memory 606 transfers RF data 204 with respect
to the k™ scan line of the (n+1)™ frame via line 1.2 to
envelope detector 614 through beamformer 612.

[0042] Multiplier 616 multiplies weight w,, to the output
signal from envelope detector 610 to provide it to adder 618,
while multiplier 620 multiplies weight w,, 1, to the output
signal from envelope detector 614 to transfer it to adder 618.
For this embodiment of the present invention, weights ®,
and o, are expressed as follows:

St Eq. ()
Un + Jor1)

o

Win+1y,
el fn + fn+1)

Wy, =

[0043] wherein f, represents a distance between voxel I(x,
y, z) and the n™ frame; and f_, , is a distance between voxel
I(x, y, z) and the (n+1)™ frame (as shown in FIG. 2).

[0044] Adder 618 adds the weighted signals from multi-
pliers 616 and 620 to provide it to log compensator 622.
Then, log compensator 622, image former 624, and display
device 626 perform the same operation described above with
reference to FIG. 5, thereby displaying the 3D image of the
object.

[0045] Referring now to FIG. 7, a schematic block dia-
gram of a 3D ultrasound imaging system in accordance with
yet another embodiment of the present invention, four RF
data surrounding voxel I(x, y, z) are used. Referring back to
FIG. 2, they are marked with two dark-circles 202 and 204
and two hollow-triangles 206 and 208. 3D ultrasound imag-
ing system 700 is identical to system 600, except for the
operation of beamformers 702, 704, 706, and 708, envelope
detectors 710, 712, 714, and 716, multipliers 718, 720, 722,
and 724, and adder 726. Only the different operations will be
described.

[0046] An RF volume memory (not shown) provides
beamformers 702, 704, 706, and 708 with four RF data 202,
204, 206, and 208 with respect to consecutive frames
adjacent to voxel I(x, y, z). Specifically, RF data 202 with
respect to the k'™ scan line of the n™® frame is provided to
envelope detector 710 through beamformer 702; RF data
206 with respect to the (k+1)™ scan line of the n'® frame is
transferred to envelope detector 712 through beamformer
704; RF data 204 with respect to the k™ scan line of the
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(n+1)™ frame is provided to envelope detector 714 through
beamformer 706; and RF data 208 with respect to the (k+1)™®
scan line of the (n+1)™ scan line is transferred to envelope
detector 716 through beamformer 708.

[0047] After completing the envelope detection, multiplier
718 multiplies weight w,, to the output signal from envelope
detector 710, mu1t1p11er %720 multiplies weight w, to the
output signal from envelope detector 712; multiplier 722
multiplies weight w,, ;) to the output of envelope detector
714; and multiplier 724 multiplies weight w,,,, , to the
output of envelope detector 716.

[0048] In this embodiment of the present invention,
weights w,, m, ,® , are expressed as follows:
ng? Mngyy? @+ (i

o = Fort Sir1 Eq. (8)
T o+ fr) T S+ i)
P Jort Sy
Tl (o + fue) (S Sie)
o _ % St
T et far) S+ Seel)
© _ fn x Sk
L T fD T S+ Sen)

[0049] The weighted signals are provided to log compen-
sator 728. Log compensator 728 then compensates for the
differences of the weighted signals in the dynamic ranges of
envelope detectors 710, 712, 714, and 716 and the display
device (not shown) to generate 3D data sets of the 3D image.

[0050] System 700 employs four beamformers 702, 704,
706, and 708 and does not require a specific condition with
respect to voxel I(x, y, 2), i.e., the relationship among the
distances of voxel I(x, y, z) and four RF data 202, 204, 206,
and 208.

[0051] A person skilled in the art will appreciate that the
number of beamformers and envelope detectors varies
depending on the number of RF data to be used for direct
receive-focusing of echo signals.

[0052] By directly rececive-focusing echo signals of the
voxel within the scan region of the object corresponding to
a pixel of the display device, the present invention does not
require the digital scan conversion used in the prior art.
Therefore, the present invention avoids distortion of the 3D
image due to digital scan conversion and provides an
improved 3D image.

[0053] The present invention is also more effective for
implementing “zoom” functions, wherein in case that the
number of scan lines available for generating the zoomed
image decreases or the distance between scan lines is
increased due to a broader scan angle.

[0054] Furthermore the present invention dramatically
improves the quality of a 3D image for cases in which the
number of pixels on the display device is increased, by
directly receive-focusing echo signals from voxels corre-
sponding to all the pixels after receive-focusing the echo
signals from target points on the actual scan lines, without
calculating 3D data sets of the voxel corresponding to a pixel
on the display device through digital scan conversion.



US 2002/0193688 Al

[0055] While the present invention has been shown and
described with respect to particular embodiments, it will be
apparent to those skilled in the art that many changes and
modifications may be made without departing from the spirit
and scope of the invention as defined in the appended
claims.

What is claimed is:
1. A three-dimensional (3D) ultrasound imaging system
for forming a 3D image, comprising:

a display device;

at least one transducer, for transmitting ultrasound signals
toward an object and receiving echo signals from a
voxel corresponding to a pixel on said display device,
wherein said voxel is on a scanning region of said
object;

signal storing means for storing signals from said at least
one transducer;

signal processing means for processing said stored signals
to obtain 3D data sets with respect to said voxel; and

image forming means for forming a 3D image based on
said 3D data sets.
2. The system of claim 1, wherein said at least one
transducer comprises:

an array of transducers, which transmit-focuses said ultra-
sound signals to target points on at least one scan line
of a plurality of said scan lines covering said scanning
region of said object and receives said echo signals
reflected from said target points, wherein said at least
one transducer repeatedly performs transmit-focusing
and receiving operations on said scan lines.

3. The system of claim 2, wherein said signal processing
means further calculates said 3D data sets by using said echo
signals transmit-focused on said at least one scan line from
among said scan lines closest to said voxel, wherein said at
least one scan line is on a frame closest to said voxel.

4. The system of claim 3, wherein said echo signals are
stored in said signal storing means in the form of Radio
Frequency (RF) data.
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5. The system of claim 4, wherein said signal storing
means further comprises:

an RF volume memory, wherein said RF volume memory
stores RF data with respect to at least two consecutive
frames.

6. The system of claim 1, wherein said at least one
transducer further comprises:

an array of transducers, which transmit-focuses said ultra-
sound signals to target points on a multiplicity of scan
lines covering said scanning region of said object and
receives said echo signals reflected from said target
points.

7. The system of claim 6, wherein said signal processing
means further calculates values of said ultrasound signals
directly receive-focused on said voxel to obtain said 3D data
sets by using said echo signals transmit-focused on said scan
lines of consecutive frames near said voxel.

8. The system of claim 1, wherein said 3D image forming
means further forms said 3D image through at least one of
surface rendering, volume rendering, and section recon-
struction based on said 3D data sets.

9. The system of claim 1, wherein said signal processing
means further detects an envelope of said received echo
signals to obtain said 3D data sets.

10. The system of claim 3 or 7, wherein said signal
processing means further obtains said 3D data sets, wherein
said 3D data sets are weighted by a weight determined by a
relationship between said voxel and said echo signals.

11. The system of claim 7, wherein said echo signals are
further stored in said storing means as RF data.

12. The system of claim 10, wherein said storing means
further comprises:

an RF volume memory, wherein said RF volume memory
stores said RF data with respect to at least two con-
secutive frames.



RE(EFR)AGE)

HAT R E(ZFRR)AGE)

patsnap

ATEXNNTERGENERAHITEEREN=LBEFRERS

US20020193688A1 NI(AE)R 2002-12-19
US10/133159 RiEH 2002-04-26

MEDISON CO. , LTD.

MEDISON CO. , LTD.

[#RI&Z B A HWANG JAE SUB
SONG TAI KYONG
REAA HWANG, JAE SUB
SONG, TAI KYONG
IPCH =S GO01N29/44 A61B8/00 GO1N29/06 G01S7/52 G01S7/531 G01S15/89 G10K11/34 A61B8/14
CPCH %= GO01N29/0609 G01S7/52026 Y10S128/916 G01S15/8993 G10K11/341 G01S7/52044
R 1020010022831 2001-04-27 KR
H At 23 FF 3R US6740034
SAEBEE Espacenet USPTO
BE= ( 'L§) 500 Echo signal pTOCA&SSiﬂg unit 550
=4 (3D ) BEREBRAENNTERRENEGENERZLHITEWR e 508 ,coswtm
£, ZREAELTRERES  ATAYEESREES | AN @a“" )iy Sk Ly
FEREE LNGENEERNERES B AZLTFUENERK of Dam g ‘»@%M“
— — ormer §i I
HEATE#RERESNESHRFFRAEF#RESLER  ATL | A <0 ; {
EFf 0SS UREHEN FHENDRESE NATERIDBGHNE (207 ST U 552 5}4
2 v LSl ’
B R AD RE S Log Image
converter 1 volume S 510 518"69’ compen former
memory [ S -sator
S5 R y -
504 536 512 1 D
2 datasets | Display
device
Beam
N

former |1

. 520 T
h 526



https://share-analytics.zhihuiya.com/view/d19d8b85-5e1c-4f3e-bf10-e021ab4ec408
https://worldwide.espacenet.com/patent/search/family/019708794/publication/US2002193688A1?q=US2002193688A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220020193688%22.PGNR.&OS=DN/20020193688&RS=DN/20020193688

