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7) ABSTRACT

In order to facilitate ultrasonic imaging in a proper condi-
tion, a correlation value is calculated between a new image
frame and a previous image frame each time the new image

ited frame is obtained; and the acoustic line density of a scan is
increased/decreased, the dynamic range of echo reception is
(21) Appl. No.: 10/155,546 enlarged/reduced, and the frame averaging intensity of an
image frame is raised/lowered in response to an increase/
(22) Filed: May 24, 2002 decrease of the correlation value.
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ULTRASONIC IMAGING APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasonic imag-
ing method and apparatus, and more particularly to ultra-
sonic imaging method and apparatus for repeatedly scanning
the interior of a subject by an ultrasonic beam sequentially
for every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal.

[0002] In ultrasonic imaging, the interior of a subject is
repeatedly scanned by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and an image frame
is produced for each scan based on an echo received signal.

[0003] The definition of an image varies with the acoustic
line density of the scan. As the acoustic line density becomes
dense, the definition is improved; and as the acoustic line
density becomes coarse, the definition is reduced. The range
of echo intensity representation varies with the dynamic
range of the echo reception. As the dynamic range is
enlarged, the range of representation is enlarged; and as the
dynamic range is reduced, the range of representation is
reduced. The SNR (signal-to-noise ratio) of an image varies
with the frame averaging intensity. As the frame averaging
intensity is raised, the SNR is improved; and as the frame
averaging intensity is lowered, the SNR is reduced.

[0004] A user of the ultrasonic imaging apparatus con-
ducts imaging after appropriately adjusting the acoustic line
density, dynamic range, frame averaging etc. for each imag-
ing purpose. However, since such adjustment largely
depends upon the skill of individual users, not every user can
conduct imaging in a proper condition.

SUMMARY OF THE INVENTION

[0005] It is therefore an object of the present invention to
provide an ultrasonic imaging method and apparatus by
which imaging in a proper condition is facilitated.

[0006] (1) The present invention, in accordance with one
aspect for solving the aforementioned problem, is an ultra-
sonic imaging method for repeatedly scanning the interior of
a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; increasing the
acoustic line density of the scan in response to an increase
of the correlation value; and decreasing the acoustic line
density of the scan in response to a decrease of the corre-
lation value.

[0007] (2) The present invention, in accordance with
another aspect for solving the aforementioned problem, is an
ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; and acoustic line density adjusting means for
increasing the acoustic line density of the scan in response
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to an increase of the correlation value and decreasing the
acoustic line density of the scan in response to a decrease of
the correlation value.

[0008] In the invention of the aspects described in (1) and
(2), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; and the acoustic line density of the scan
is increased in response to an increase of the correlation
value, and is decreased in response to a decrease of the
correlation value.

[0009] The correlation value increases with a smaller
difference between the two image frames, i.e., a smaller
temporal change of the image. Therefore, by increasing the
acoustic line density to improve the image definition, precise
imaging can be achieved for a slow-moving subject.

[0010] On the other hand, the correlation value decreases
with a larger difference between the two images frames, i.e.,
a larger temporal change of the image. Therefore, by
decreasing the acoustic line density to increase the frame
rate of the image, imaging with good temporal resolution
can be achieved for a fast-moving subject.

[0011] (3) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging method for repeatedly scanning the inte-
rior of a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; enlarging the
dynamic range of the echo reception in response to an
increase of the correlation value; and reducing the dynamic
range of the echo reception in response to a decrease of the
correlation value.

[0012] (4) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; and dynamic range adjusting means for enlarging
the dynamic range of the echo reception in response to an
increase of the correlation value, and reducing the dynamic
range of the echo reception in response to a decrease of the
correlation value.

[0013] In the invention of the aspects described in (3) and
(4), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; and the dynamic range of echo reception
is enlarged in response to an increase of the correlation
value, and is reduced in response to a decrease of the
correlation value.

[0014] The correlation value increases with a smaller
difference between the two image frames, i.e., a smaller
temporal change of the image. Therefore, by enlarging the
dynamic range to enlarge the range of echo intensity repre-
sentation, precise imaging can be achieved for a slow-
moving subject.
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[0015] On the other hand, the correlation value decreases
with a larger difference between the two images frames, i.e.,
a larger temporal change of the image. Therefore, by reduc-
ing the dynamic range to reduce the range of echo intensity
representation, simplified imaging can be achieved for a
fast-moving subject.

[0016] (5) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging method for repeatedly scanning the inte-
rior of a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; raising the frame
averaging intensity of the image frame in response to an
increase of the correlation value; and lowering the frame
averaging intensity of the image frame in response to a
decrease of the correlation value.

[0017] (6) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; and frame averaging adjusting means for raising
the frame averaging intensity of the image frame in response
to an increase of the correlation value, and lowering the
frame averaging intensity of the image frame in response to
a decrease of the correlation value.

[0018] In the invention of the aspects described in (5) and
(6), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; and the frame averaging intensity of the
image frame is raised in response to an increase of the
correlation value, and is lowered in response to a decrease
of the correlation value.

[0019] The correlation value increases with a smaller
difference between the two image frames, i.e., a smaller
temporal change of the image. Therefore, by raising the
frame averaging intensity to improve the SNR of the image,
precise imaging can be achieved for a slow-moving subject.

[0020] On the other hand, the correlation value decreases
with a larger difference between the two images frames, i.e.,
a larger temporal change of the image. Therefore, by low-
ering the frame averaging intensity to improve the respon-
siveness to a change, imaging with good temporal resolution
can be achieved for a fast-moving subject.

[0021] (7) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging method for repeatedly scanning the inte-
rior of a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; increasing the
acoustic line density of the scan in response to an increase
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of the correlation value; decreasing the acoustic line density
of the scan in response to a decrease of the correlation value;
enlarging the dynamic range of the echo reception in
response to an increase of the correlation value; and reduc-
ing the dynamic range of the echo reception in response to
a decrease of the correlation value.

[0022] (&) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; acoustic line density adjusting means for increas-
ing the acoustic line density of the scan in response to an
increase of the correlation value, and decreasing the acoustic
line density of the scan in response to a decrease of the
correlation value; and dynamic range adjusting means for
enlarging the dynamic range of the echo reception in
response to an increase of the correlation value, and reduc-
ing the dynamic range of the echo reception in response to
a decrease of the correlation value.

[0023] In the invention of the aspects described in (7) and
(8), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; and the acoustic line density of the scan
is increased and the dynamic range of the echo reception is
enlarged in response to an increase of the correlation value;
and the acoustic line density is decreased and the dynamic
range is reduced in response to a decrease of the correlation
value.

[0024] Therefore, by increasing the acoustic line density
to improve the image definition, and enlarging the dynamic
range of the echo reception to enlarge the range of echo
intensity representation, precise imaging can be achieved for
a slow-moving subject.

[0025] Moreover, by decreasing the acoustic line density
to increase the frame rate of the image, and reducing the
dynamic range of the echo reception to reduce the range of
echo intensity representation, simplified imaging with good
temporal resolution can be achieved for a fast-moving
subject.

[0026] (9) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging method for repeatedly scanning the inte-
rior of a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; increasing the
acoustic line density of the scan in response to an increase
of the correlation value; decreasing the acoustic line density
of the scan in response to a decrease of the correlation value;
raising the frame averaging intensity of the image frame in
response to an increase of the correlation value; lowering the
frame averaging intensity of the image frame in response to
a decrease of the correlation value.

[0027] (10) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
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ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; acoustic line density adjusting means for increas-
ing the acoustic line density of the scan in response to an
increase of the correlation value, and decreasing the acoustic
line density of the scan in response to a decrease of the
correlation value; and frame averaging adjusting means for
raising the frame averaging intensity of the image frame in
response to an increase of the correlation value, and lower-
ing the frame averaging intensity of the image frame in
response to a decrease of the correlation value.

[0028] In the invention of the aspects described in (9) and
(10), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; the acoustic line density of the scan is
increased and the frame averaging intensity of the image
frame is raised in response to an increase of the correlation
value; and the acoustic line density is decreased and the
frame averaging intensity is lowered in response to a
decrease of the correlation value.

[0029] Therefore, by increasing the acoustic line density
to improve the image definition, and raising the frame
averaging intensity to improve the SNR of the image,
precise imaging can be achieved for a slow-moving subject.

[0030] Morecover, by decreasing the acoustic line density
to increase the frame rate of the image, and lowering the
frame averaging intensity to improve the responsiveness to
a change, imaging with good temporal resolution can be
achieved for a fast-moving subject.

[0031] (11) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging method for repeatedly scanning the inte-
rior of a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; enlarging the
dynamic range of the echo reception in response to an
increase of the correlation value; reducing the dynamic
range of the echo reception in response to a decrease of the
correlation value; raising the frame averaging intensity of
the image frame in response to an increase of the correlation
value; and lowering the frame averaging intensity of the
image frame in response to a decrease of the correlation
value.

[0032] (12) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; dynamic range adjusting means for enlarging the
dynamic range of the echo reception in response to an
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increase of the correlation value, and reducing the dynamic
range of the echo reception in response to a decrease of the
correlation value; and frame averaging adjusting means for
raising the frame averaging intensity of the image frame in
response to an increase of the correlation value, and lower-
ing the frame averaging intensity of the image frame in
response to a decrease of the correlation value.

[0033] Inthe invention of the aspects described in (11) and
(12), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; dynamic range of echo reception is
enlarged and the frame averaging intensity of the image
frame is raised in response to an increase of the correlation
value; and the dynamic range is reduced and the frame
averaging intensity is lowered in response to a decrease of
the correlation value.

[0034] Therefore, by enlarging the dynamic range to
enlarge the range of echo intensity representation, and
raising the frame averaging intensity to improve the SNR of
the image, precise imaging can be achieved for a slow-
moving subject.

[0035] Moreover, by reducing the dynamic range to
reduce the range of echo intensity representation, and low-
ering the frame averaging intensity to improve the respon-
siveness to a change, simplified imaging with good temporal
resolution can be achieved for fast-moving subject.

[0036] (13) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging method for repeatedly scanning the inte-
rior of a subject by an ultrasonic beam sequentially for every
acoustic line to receive an echo, and producing an image
frame for each scan based on an echo received signal,
comprising the steps of: calculating a correlation value
between a new image frame and a previous image frame
each time the new image frame is obtained; increasing the
acoustic line density of the scan in response to an increase
of the correlation value; decreasing the acoustic line density
of the scan in response to a decrease of the correlation value;
enlarging the dynamic range of the echo reception in
response to an increase of the correlation value; reducing the
dynamic range of the echo reception in response to a
decrease of the correlation value; raising the frame averag-
ing intensity of the image frame in response to an increase
of the correlation value; and lowering the frame averaging
intensity of the image frame in response to a decrease of the
correlation value.

[0037] (14) The present invention, in accordance with still
another aspect for solving the aforementioned problem, is an
ultrasonic imaging apparatus for repeatedly scanning the
interior of a subject by an ultrasonic beam sequentially for
every acoustic line to receive an echo, and producing an
image frame for each scan based on an echo received signal,
comprising: correlation value calculating means for calcu-
lating a correlation value between a new image frame and a
previous image frame each time the new image frame is
obtained; acoustic line density adjusting means for increas-
ing the acoustic line density of the scan in response to an
increase of the correlation value, and decreasing the acoustic
line density of the scan in response to a decrease of the
correlation value; dynamic range adjusting means for
enlarging the dynamic range of the echo reception in
response to an increase of the correlation value, and reduc-
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ing the dynamic range of the echo reception in response to
a decrease of the correlation value; and frame averaging
adjusting means for raising the frame averaging intensity of
the image frame in response to an increase of the correlation
value, and lowering the frame averaging intensity of the
image frame in response to a decrease of the correlation
value.

[0038] Inthe invention of the aspects described in (13) and
(14), a correlation value is calculated between a new image
frame and a previous image frame each time the new image
frame is obtained; the acoustic line density of the scan is
increased, the dynamic range of the echo reception is
enlarged, and the frame averaging intensity is raised in
response to an increase of the correlation value; and the
acoustic line density is decreased, the dynamic range is
reduced, and the frame averaging intensity is lowered in
response to a decrease of the correlation value.

[0039] Therefore, by increasing the acoustic line density
to improve the image definition, enlarging the dynamic
range to enlarge the range of echo intensity representation,
and raising the frame averaging intensity to improve the
SNR of the image, precise imaging can be achieved for a
slow-moving subject.

[0040] Moreover, by decreasing the acoustic line density
to increase the frame rate of the image, reducing the
dynamic range to reduce the range of echo intensity repre-
sentation, and lowering the frame averaging intensity to
improve the responsiveness to a change, simplified imaging
with good temporal resolution can be achieved for a fast-
moving subject.

[0041] Preferably, the image frames for use in the calcu-
lation of the correlation value are those obtained by aver-
aging a plurality of consecutive image frames, because the
stability of the correlation value is improved.

[0042] As described above in detail, the present invention
can provide an ultrasonic imaging method and apparatus by
which imaging in a proper condition is facilitated.

[0043] Further objects and advantages of the present
invention will be apparent from the following description of
the preferred embodiments of the invention as illustrated in
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a block diagram of an apparatus in
accordance with one embodiment of the present invention.

[0045] FIG. 2 is a block diagram of a transceiver section.

[0046] FIGS. 3-5 are schematic diagrams of acoustic line
scanning.

[0047] FIG. 6 is a block diagram of a B-mode processing
section.

[0048] FIG. 7 is a block diagram of an image processing
section.

[0049] FIG. 8 is a block diagram of a control section.
[0050] FIG. 9 is a flow chart of the operation of the

apparatus in accordance with one embodiment of the present
invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0051] Several embodiments of the present invention will
now be described in detail with reference to the accompa-
nying drawings. It should be noted that the present invention
is not limited to the embodiments. FIG. 1 shows a block
diagram of an ultrasonic imaging apparatus, which is one
embodiment of the present invention. The configuration of
the apparatus represents an embodiment of the apparatus in
accordance with the present invention. The operation of the
apparatus represents an embodiment of the method in accor-
dance with the present invention.

[0052] As shown in FIG. 1, the present apparatus has an
ultrasonic probe 2. The ultrasonic probe 2 has an array of
ultrasonic transducers (not shown). The individual ultra-
sonic transducers are made from a piezoelectric material
such as PZT (lead zirconate titanate [Pb—Zr—Ti]) ceramic.
The ultrasonic probe 2 is used abutted against a subject 4 by
a user.

[0053] The ultrasonic probe 2 is connected to a transceiver
section 6. The transceiver section 6 supplies driving signals
to the ultrasonic probe 2 to transmit ultrasound. It also
receives echo signals caught by the ultrasonic probe 2.

[0054] FIG. 2 shows a block diagram of the transceiver
section 6. As shown, the transceiver section 6 has a trans-
mission timing generating unit 602. The transmission timing
generating unit 602 periodically generates a transmission
timing signal, and inputs the signal to a transmission beam-
former 604.

[0055] The transmission beamformer 604 is for perform-
ing beamforming for the transmission, involving generating
a beamforming signal for forming an ultrasonic beam in a
certain direction based on the transmission timing signal.
The beamforming signal consists of a plurality of driving
signals that are given respective time differences corre-
sponding to the direction. The beamforming is controlled by
a control section 18, which will be described later. The
transmission beamformer 604 inputs the transmission beam-
forming signal to a transmission/reception switching unit
606.

[0056] The transmission/reception switching unit 606
inputs the beamforming signal to the ultrasonic transducer
array. A plurality of ultrasonic transducers that constitute a
transmission aperture in the ultrasonic transducer array
gencrate ultrasound having respective phase differences
corresponding to the time differences in the driving signals.
By wavefront synthesis of the ultrasound, an ultrasonic
beam is formed along an acoustic line in a certain direction.

[0057] The transmission/reception switching unit 606 is
connected with a reception beamformer 610. The transmis-
sion/reception switching unit 606 inputs the echo signals
caught by a reception aperture in the ultrasonic transducer
array to the reception beamformer 610. The reception beam-
former 610 is for performing beamforming for the reception
corresponding to an acoustic line for the transmission,
involving imparting time differences to a plurality of
received echoes to adjust their phases, and then adding the
echoes to form an echo received signal along an acoustic line
in a certain direction. The reception beamforming is con-
trolled by the control section 18, which will be described
later.
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[0058] The transmission of the ultrasonic beam is repeated
at predefined time intervals according to the transmission
timing signal generated by the transmission timing gener-
ating unit 602. Synchronously with the timing, the trans-
mission beamformer 604 and the reception beamformer 610
change the direction of the acoustic line by a predefined
amount. Thus, the interior of the subject 4 is sequentially
scanned by the acoustic line. The transceiver section 6
having such a configuration performs a scan as exemplarily
shown in FIG. 3. Specifically, a fan-shaped two-dimen-
sional region 206 is scanned in the 8-direction by an acoustic
line 202 extending from an emission point 200 in the
z-direction, and a so-called sector scan is carried out.

[0059] When the transmission and reception apertures are
formed using part of the ultrasonic transducer array, a scan
as exemplarily shown in FIG. 4 can be performed by
sequentially shifting the apertures along the array. Specifi-
cally, a rectangular two-dimensional region 206 is scanned
in the x-direction by translating an acoustic line 202, which
emanates from an emission point 200 in the z-direction,
along a linear trajectory 204, and a so-called linear scan is
carried out.

[0060] Tt will be easily recognized that when the ultrasonic
transducer array is a so-called convex array, which is formed
along an arc protruding in the direction of ultrasound
transmission, a partial fan-shaped two-dimensional region
206 can be scanned in the O-direction by performing an
acoustic line scan similar to that for the linear scan and
moving an emission point 200 of an acoustic line 202 along
an arc-like trajectory 204, as exemplarily shown in FIG. §,
and a so-called convex scan is carried out.

[0061] Such scanning is repeated under control of the
control section 18, which will be described later. The acous-
tic line density in scanning the two-dimensional region 206
is variable. The acoustic line density is changed by the
transmission beamformer 604 and reception beamformer
610 under control of the control section 18. A portion
consisting of the control section 18, transmission beam-
former 604 and reception beamformer 610 is an embodiment
of the acoustic line density adjusting means in accordance
with the present invention.

[0062] By changing the acoustic line density, the image
definition is changed. Specifically, as the acoustic line
density becomes dense, the image definition is improved;
and as the acoustic line becomes coarse, the image definition
is reduced. Moreover, by changing the acoustic line density,
the frame rate is changed. The acoustic line density is
inversely proportional to the frame rate. Thus, as the acous-
tic line density is increased, the frame rate is decreased, and
as the acoustic line density is decreased, the frame rate is
increased.

[0063] The transceiver section 6 is connected to a B-mode
processing section 10. The echo received signal for each
acoustic line output from the transceiver section 6 is input to
the B-mode processing section 10.

[0064] The B-mode processing section 10 is for generating
B-mode image data. The B-mode processing section 10
comprises a range adjusting unit 102, a logarithmic ampli-
fying unit 104 and an envelope detecting unit 106, as shown
in FIG. 6.

[0065] The range adjusting unit 102 adjusts the dynamic
range of the input signals under control of the control section
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18, which will be described later. By enlarging the dynamic
range, the range of echo intensity representation is enlarged;
and by reducing the dynamic range, the range of represen-
tation is reduced. A portion consisting of the control section
18 and the range adjusting unit 102 is an embodiment of the
dynamic range adjusting means in accordance with the
present invention.

[0066] The B-mode processing section 10 adjusts the input
range of the echo received signal at the range adjusting unit
102; logarithmically amplifies the echo received signal at the
logarithmic amplifying unit 104; detects its envelope at the
envelope detecting unit 106 to obtain a signal indicating the
intensity of the echo at each reflection point on an acoustic
line, i.e., an A-scope signal, and generates B-mode image
data using the amplitude of the A-scope signal at each instant
as the brightness. The B-mode processing section 10 is
connected to an image processing section 14. The image
processing section 14 produces a B-mode image based on
data supplied from the B-mode processing section 10.

[0067] The image processing section 14 has a central
processing unit (CPU) 140, as shown in FIG. 7. The CPU
140 is connected via a bus 142 with a main memory 144, an
external memory 146, a control interface 148, an input data
memory 152, a digital scan converter (DSC) 154, an image
memory 156, and a display memory 158.

[0068] The external memory 146 stores programs
executed by the CPU 140. It also stores several kinds of data
for use by the CPU 140 in executing the programs.

[0069] The CPU 140 carries out predefined image pro-
cessing by loading a program from the external memory 146
into the main memory 144 for execution. The CPU 140
communicates control signals with the control section 18,
which will be described later, via the control section inter-
face 148 in the course of the program execution.

[0070] The B-mode image data for each acoustic line
supplied from the B-mode processing section 10 is stored in
the input data memory 152. The data in the input data
memory 152 is scan-converted at the DSC 154 and written
into the image memory 156 as an image frame.

[0071] CPU 140 performs frame averaging on the image
frames in the image memory 156. The frame averaging
refers to an operation that sets a pixel value in an image
frame to an average value through a plurality of consecutive
frames. As the number of image frames to be averaged is
increased, the degree of averaging is raised and the SNR is
improved. On the other hand, the number of image frames
is decreased, the degree of averaging is lowered and the
responsiveness to a temporal change of an image is
improved. The degree of averaging is sometimes referred to
as the frame averaging intensity herein.

[0072] The image frame after the frame averaging is
written into the display memory 158. The image frame
written into the display memory 158 is output to the display
section 16, which will be described later.

[0073] The CPU 140 also calculates a two-dimensional
cross-correlation between the latest image frame and an
image frame obtained in a previous scan each time the latest
image frame is written into the image memory 156. The
CPU 140 is an embodiment of the correlation value calcu-
lating means in accordance with the present invention.
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[0074] Morcover, the CPU 140 compares the resulting
correlation value with the previous correlation value, and
adjusts the frame averaging intensity in response to the
result of the comparison relative to the previous correlation
value. Specifically, when the correlation value increases, the
frame averaging intensity is raised, and when the correlation
value decreases, the frame averaging intensity is lowered.
The CPU 140 is an embodiment of the frame averaging
adjusting means in accordance with the present invention.

[0075] The correlation value increases as the difference of
the images between the frames becomes smaller, and
decreases as the difference becomes larger. The difference of
the images between the frames is caused by motion of the
image, and the motion of the image results from motion of
the subject 4 or ultrasonic probe 2. Accordingly, the corre-
lation value increases with smaller motion of the subject 4
or ultrasonic probe 2, and decreases with greater motion of
the subject 4 or ultrasonic probe 2.

[0076] Therefore, when the correlation value increases,
the frame averaging intensity is raised to improve the SNR
for an image with smaller motion; and when the correlation
value decreases, the frame averaging intensity is lowered to
improve the responsiveness to a temporal change for an
image with greater motion.

[0077] It should be noted that the latest image frame may
be subjected to a certain degree of frame averaging before
calculating the correlation value, and the correlation value
may be calculated between such a frame-averaged image
frame and the previous image frame subjected to the similar
frame averaging. By such a process, the stability of the
correlation value can be improved.

[0078] The image processing section 14 is connected with
a display section 16. The display section 16 is supplied with
an image signal from the image processing section 14, and
displays an image based on the image signal. The display
section 16 comprises a graphic display or the like employing
a CRT (cathode ray tube) capable of displaying a color
image.

[0079] The transceiver section 6, B-mode processing sec-
tion 10, image processing section 14 and display section 16
are connected with the control section 18. The control
section 18 supplies control signals to these sections for
controlling their operation. The control section 18 is sup-
plied with several kinds of signals from the controlled
sections. The B-mode operation is executed under control of
the control section 18.

[0080] The signals supplied from the image processing
section 14 to the control signal 18 include a signal indicative
of an increase/decrease of the correlation value. The control
section 18 controls the acoustic line density of the transmis-
sion beamformer 604 and reception beamformer 610 in the
transceiver section 6 based on the signal indicative of an
increase/decrease of the correlation value. Specifically, the
acoustic line density is increased based on the signal indica-
tive of an increase of the correlation value to improve the
definition for an image with smaller motion. Similarly, the
acoustic line density is decreased based on the signal indica-
tive of a decrease of the correlation value to increase the
frame rate for an image with greater motion.

[0081] The control section 18 also controls the dynamic
range of the range adjusting unit 102 in the B-mode pro-
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cessing section 10 based on the signal indicative of an
increase/decrease of the correlation value. Specifically, the
dynamic range is enlarged based on the signal indicative of
an increase of the correlation value to enlarge the range of
echo intensity representation for an image with smaller
motion; and the dynamic range is reduced based on the
signal indicative of a decrease of the correlation value to
reduce the range of echo intensity representation for an
image with greater motion.

[0082] The control section 18 has a CPU 180, as shown in
FIG. 8. The CPU 180 is connected via a bus 182 with a main
memory 184, an external memory 186, an operating section
interface 188, a transceiver section interface 190, a B-mode
processing section interface 192, an image processing sec-
tion interface 196 and a display section interface 198.

[0083] The external memory 186 stores programs
executed by the CPU 180. It also stores several kinds of data
for use by the CPU 180 in executing the programs.

[0084] The CPU 180 carries out predefined control by
loading a program from the external memory 186 into the
main memory 184 for execution. The CPU 180 communi-
cates control signals with the several sections via the oper-
ating section interface 188—display section interface 198 in
the course of the program execution.

[0085] The control section 18 is connected with an oper-
ating section 20. The operating section 20 is operated by the
user, and the section 20 inputs appropriate instructions and
information to the control section 18. The operating section
20 comprises, for example, a keyboard, pointing device and
other operating devices.

[0086] Now the operation of the present apparatus will be
described. The user abuts the ultrasonic probe 2 against a
desired portion on the subject 4, and operates the operating
section 20 to perform imaging. Thus, B-mode imaging is
performed under control of the control section 18.

[0087] FIG. 9 shows a flow chart of the operation of the
present apparatus. As shown, a scan is performed at Step
902. Specifically, the transceiver section 6 scans the interior
of the subject 4 sequentially for every acoustic line and
receives an echo each time through the ultrasonic probe 2.
The acoustic line density of a scan at this time is set to a
prespecified initial value or a default value.

[0088] The B-mode processing section 10 logarithmically
amplifies the echo received signal supplied from the trans-
ceiver section 6 at the logarithmic amplifying unit 104
within the dynamic range of the range adjusting unit 102;
envelope-detects the signal at the envelope detecting unit
106 to determine an A-scope signal; and generates B-mode
image data for each acoustic line based on the A-scope
signal. The dynamic range of the range adjusting unit 102 is
set to a prespecified initial value or a default value at this
time.

[0089] The image processing section 14 stores the B-mode
image data for each acoustic line supplied from the B-mode
processing section 10 in the input data memory 152. Thus,
an acoustic line data space for the B-mode image data is
formed in the input data memory 152.

[0090] The CPU 140 scan-converts the B-mode image
data in the input data memory 152 at the DSC 154, and
writes the scan-converted data into the image memory 156.
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The CPU14 also performs frame averaging on the image
frames in the image memory 156, and writes the frame-
averaged image frames into the display memory 158. The
frame averaging intensity is set to a prespecified initial value
or a default value at this time.

[0091] At Step 904, a correlation value calculation is
performed on the image frames obtained by the repeated
scans. The calculation of the correlation value is performed
by the CPU 140 in the image processing section 140 in a
manner as described earlier.

[0092] Next, at Step 906, an increase/decrease of the
correlation value is checked. The check of the increase/
decrease of the correlation value is performed by the CPU
140 in a manner as described earlier. However, the check is
made relative to a prespecified initial value or a default value
for the first time, and is made relative to the latest calculated
correlation value for the second time or later.

[0093] When the correlation value increases, the acoustic
line density is increased at Step 912, the dynamic range is
enraged at Step 914, and the frame averaging intensity is
raised at Step 916.

[0094] The acoustic line density is increased by control-
ling the transceiver section 6 by the control section 18 in a
manner as described earlier. The dynamic range is enlarged
by controlling the B-mode processing section 10 by the
control section 18 in a manner as described earlier. The
frame averaging intensity is raised by the image processing
section 14 in a manner as described earlier.

[0095] Thus, by increasing the acoustic line density to
improve the image definition, enlarging the dynamic range
to enlarge the range of echo intensity representation, and
raising the frame averaging intensity to improve the SNR of
the image, precise imaging can be achieved for an image
with smaller motion.

[0096] Tt should be noted that any one or two of the
increase of the acoustic line density, enlargement of the
dynamic range and raising of the frame averaging may be
performed rather than performing all of them.

[0097] When the correlation value decreases, the acoustic
line density is decreased at Step 922, the dynamic range is
reduced at Step 924, and the frame averaging intensity is
lowered at Step 926.

[0098] Thus, by decreasing the acoustic line density to
increase the frame rate of the image, reducing the dynamic
range to reduce the range of echo intensity representation,
and lowering the frame averaging intensity to improve the
responsiveness to a change, simplified imaging with good
temporal resolution can be achieved for a fast-moving
subject.

[0099] Tt should be noted that any one or two of the
decrease of the acoustic line density, reduction of the
dynamic range and lowering of the frame averaging may be
performed rather than performing all of them.

[0100] After such processing, a check is made as to
whether the scan is completed at Step 908, and if not, the
process goes back to Step 902. The same operation as above
is repeated thereafter. Thus, imaging automatically adapted
to a temporal change of an image can be performed.

[0101] While the present invention has been described
with reference to preferred embodiments hereinabove, vari-
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ous changes or substitutions may be made on these embodi-
ments by those ordinarily skilled in the art pertinent to the
present invention without departing from the technical scope
of the present invention. Therefore, the technical scope of
the present invention encompasses not only those embodi-
ments described above but all the embodiments that fall
within the scope of the appended Many widely different
embodiments of the invention may be constructed without
departing from the spirit and the scope of the present
invention. It should be understood that the present invention
is not limited to the specific embodiments described in the
specification, except as defined in the appended claims.

1. An ultrasonic imaging apparatus for repeatedly scan-
ning the interior of a subject by an ultrasonic beam sequen-
tially for every acoustic line to receive an echo, and pro-
ducing an image frame for each scan based on an echo
received signal, comprising:

a correlation value calculating device for calculating a
correlation value between a new image frame and a
previous image frame each time the new image frame
is obtained; and

an acoustic line density adjusting device for increasing the
acoustic line density of said scan in response to an
increase of said correlation value, and decreasing the
acoustic line density of said scan in response to a
decrease of said correlation value.

2. An ultrasonic imaging apparatus for repeatedly scan-
ning the interior of a subject by an ultrasonic beam sequen-
tially for every acoustic line to receive an echo, and pro-
ducing an image frame for each scan based on an echo
received signal, comprising:

a correlation value calculating device for calculating a
correlation value between a new image frame and a
previous image frame each time the new image frame
is obtained; and

a dynamic range adjusting device for enlarging the
dynamic range of said echo reception in response to an
increase of said correlation value, and reducing the
dynamic range of said echo reception in response to a
decrease of said correlation value.

3. An ultrasonic imaging apparatus for repeatedly scan-
ning the interior of a subject by an ultrasonic beam sequen-
tially for every acoustic line to receive an echo, and pro-
ducing an image frame for each scan based on an echo
received signal, comprising:

a correlation value calculating device for calculating a
correlation value between a new image frame and a
previous image frame each time the new image frame
is obtained; and

a frame averaging adjusting device for raising the frame
averaging intensity of said image frame in response to
an increase of said correlation value, and lowering the
frame averaging intensity of said image frame in
response to a decrease of said correlation value.

4. The ultrasonic imaging apparatus as defined in any one
of claims 1-3, wherein the image frames for use in the
calculation of said correlation value are those obtained by
averaging a plurality of consecutive image frames.

* * * * #*
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