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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND DIAGNOSTIC IMAGE
DATA PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/064460 filed on May 24,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-120010 filed on May 25, 2012.
Fach of the above application(s) is hereby expressly incorpo-
rated by reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound diag-
nostic apparatus and an ultrasound diagnostic image data
processing method, and in particular, to an ultrasound diag-
nostic apparatus and an ultrasound diagnostic image data
processing method for photographing and displaying an
ultrasound image of a subject by using an ultrasonic wave.
[0003] Inthe field of medicine, ultrasound diagnostic appa-
ratuses are widely used for diagnostics and inspections. An
ultrasound diagnostic apparatus irradiates an ultrasonic wave
to a subject through an ultrasound probe and produces a
tomographic image (hereinafter referred to as ultrasound
image) of the subject from its echo (reflection) signal.
[0004] In order to improve the focus of such ultrasound
image, various approaches are proposed. For example, in JP
2009-142680 A, as shown in a block diagram of FIG. 11,
when a switching interval of a reception wave delay correc-
tion value is set, a phasing adder part 3 can perform reception
wave focus operation immediately, according to the set
switching interval. A plurality of optimum values for the
switching interval of a reception wave delay correction value,
per site to be observed and/or per body type of the subject, are
prepared in a focus switching interval storing part 7 so that in
case a satisfactory level of focus is not attained within the
presumed standard sonic speeds due to difference in body
type of the subject. or difference in ultrasonic wave beam path
to the site to be observed, the reception wave delay correction
value switching interval can be reset to a different value.

SUMMARY OF THE INVENTION

[0005] However, in JP 2009-142680 A, even if a plurality of
setting values are prepared, there is a problem in that, it is
difficult to adjust to an optimum focus, because if the quality
of the reception signal processed in an ultrasound transmit-
ting/receiving unit 2 is degraded due to much noise, the qual-
ity of the element data obtained by processing the reception
signal is also degraded, and brightness is degraded by per-
forming phasing addition on the partially or entirely phase-
shifted element data. In addition, since the element data is not
stored, new B-mode image data is not produced after the wave
receiving delay correction value switching interval is
changed, until an ultrasonic pulse is re-transmitted into the
subject.

[0006] The present invention has been done in consider-
ation of the above-described issues, and a first object of the
invention is to provide an ultrasound diagnostic apparatus and
an ultrasound diagnostic image data processing method, in
which, after performing delay correction to the element data
which is obtained by A/D(analog/digital)-converting an echo
signal, the quality of the element data which is susceptible to
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anoise in the element data is determined based on the element
data without phasing addition, and different processes in
response to the determination result are performed on the
element data, so that an ultrasound image with a preferred
S/N (signal/noise) can be displayed.

[0007] A second object of the present invention is to pro-
vide an ultrasound diagnostic apparatus and an ultrasound
diagnostic image data processing method, in which an ele-
ment data storing unit stores the element data, so that new B
mode image data after the sonic speed setting value is
changed can be produced by using the stored element data,
without re-transmitting an ultrasonic pulse into the subject by
a transmitting unit.

[0008] A third object of the present invention is to provide
an ultrasound diagnostic apparatus and an ultrasound diag-
nostic image data processing method, in which a procedure of
producing new B mode image data after the sonic speed
setting value is changed, is automatically repeated until pre-
determined image quality criteria is satisfied, so that an ultra-
sound image adjusted to an optimum focus can be displayed.
[0009] To attain the above objects, a first embodiment of the
present invention provides an ultrasound diagnostic appara-
tus, comprising: an ultrasound transmitting/receiving unit
which transmits ultrasonic pulses to a subject by using a
plurality of ultrasound transmitting/receiving elements
arranged in one direction, and receives an ultrasonic echo that
is the ultrasonic pulse reflected by the subject, to produce
element data; an element data storing unit which stores the
element data produced by the ultrasound transmitting/receiv-
ing unit; a delay correction unit which corrects a delay time of
the plurality of ultrasound transmitting/receiving elements in
an arranging direction thereof by using a predetermined sonic
speed setting value, to perform phasing on the element data,
the delay time being an arrival time difference of the ultra-
sonic echo in the element data read out from the element data
storing unit; an element data determining unit which deter-
mines the quality of the element data, based on the element
data after correction of the delay time of the plurality of
ultrasound transmitting/receiving elements in the arranging
direction thereof, the quality of the element data being sus-
ceptible to a noise in the element data; and an image produc-
ing unit which produces an ultrasound image, by performing
different processes on the element data in response to a detet-
mination result from the element data determining unit.
[0010] In the first embodiment, preferably. the image pro-
ducing unit performs different processes on the element data
depending on whether the element data is of high quality with
the noise reduced, or of low quality due to influence of the
noise, in response to a determination result from the element
data determining unit.

[0011] Preferably, the element data determining unit deter-
mines the quality of the element data based on a distribution
of amplitude values of the element data after correction of the
delay time of the plurality of ultrasound transmitting/receiv-
ing elements in the arranging direction thereof.

[0012] Preferably, the element data determining unit com-
pares an average value of amplitude values of the element
data after correction of the delay time of the plurality of
ultrasound transmitting/receiving elements in the arranging
direction thereof, with a threshold value predetermined in
response to the noise, and if the average value is greater than
the threshold value, the element data determining unit deter-
mines that the element data is of high quality with the noise
reduced, or if the average value 1s equal to or lower than the
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threshold value, the element data determining unit determines
that the element data is of low quality due to influence of the
noise.

[0013] Preferably, the image producing unit performs a
process on the element data in which an absolute value of the
amplitude value is a maximum value, if the element data
determining unit determines that the element data is of high
quality, and performs a process on the average value of all the
amplitude values of the element data after correction of the
delay time of the plurality of ultrasound transmitting/receiv-
ing elements in the arranging direction thereof, if the element
data determining unit determines that the element data is of
low quality.

[0014] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises an image quality determining unit which
determines the image quality of the ultrasound image pro-
duced by the image producing unit, in response to an amount
of image features of the ultrasound image.

[0015] Preferably, the image quality determining unit
determines the image quality of the ultrasound image pro-
duced by the image producing unit, on the basis of a bright-
ness value of the ultrasound image.

[0016] Preferably, the image quality determining unit
determines the image quality of the ultrasound image pro-
duced by the image producing unit, onthe basis of'a sharpness
value of the ultrasound image.

[0017] Preferably, the image quality determining unit
determines the image quality of the ultrasound image pro-
duced by the image producing unit, in response to whether the
amount of image features is equal to or greater than a thresh-
old value corresponding to a predetermined level of image
quality of an ultrasound image, or not.

[0018] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises a process condition changing unit, which
changes the sonic speed setting value if the image quality
determining unit determines that the ultrasound image pro-
duced by the image producing unit does not have predeter-
mined image quality, wherein, if the image quality determin-
ing unit determines that the ultrasound image produced by the
image producing unit does not have predetermined image
quality, changing the sonic speed setting value by the process
condition changing unit, correcting the delay time of the
element data by the delay correction unit, determining the
quality of the element data by the element data determining
unit, producing the ultrasound image by the image producing
unit, and determining the image quality of the ultrasound
image by the image quality determining unit are controlled to
be repeated, until the image quality determining unit deter-
mines that the ultrasound image has the predetermined image
quality.

[0019] A second embodiment of the present invention pro-
vides an ultrasound diagnostic image data processing
method, comprising: a first step of producing an element data
by transmitting an ultrasonic pulse from a plurality of ultra-
sound transmitting/receiving elements arranged in one direc-
tionto a subject, and receiving an ultrasonic echo which is the
ultrasonic pulse transmitted and reflected by the subject by
the plurality of ultrasound transmitting/receiving elements; a
second step of storing the element data produced in the first
step in an element data storing unit; a third step of correcting
adelay time of the plurality of ultrasound transmitting/receiv-
ing elements in an arranging direction thereof, by using a
predetermined sonic speed setting value to perform phasing
on the element data, the delay time being an arrival time
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difference of the ultrasonic echo in the element data read out
from the element data storing unit; a fourth step of determin-
ing the quality of the element data which is susceptible to a
noise in the element data, based on the element data after
correction of the delay time of the plurality of ultrasound
transmitting/receiving elements in the arranging direction
thereof’, and a fifth step of producing an ultrasound image by
performing different processes on the element data, in
response to a determination result of the element data quality
in the fourth step.

[0020] In the second embodiment, preferably, the ultra-
sound diagnostic image data processing method further com-
prises: a sixth step of determining the image quality of the
ultrasound image produced in the fifth step, in response to an
amount of image features of the ultrasound image; and a
seventh step of changing the sonic speed setting value if the
ultrasound image produced in the fifth step is determined not
to be of predetermined image quality in the sixth step,
wherein, if the ultrasound image is determined not to be of
predetermined image quality, changing the sonic speed set-
ting value in the seventh step, correcting the delay time of the
element data in the third step, determining the quality of the
element data in the fourth step, producing the ultrasound
image in the fifth step, and determining the image quality of
the ultrasound image in the sixth step are controlled to be
repeated, until the ultrasound image is determined to be of the
predetermined image quality.

[0021] According to the present invention, after performing
delay correction to the element data which is obtained by
A/D(analog/digital )-converting an echo signal, the quality of
the element data susceptible to a noise in the element data is
determined based on the element data without phasing addi-
tion, and different processes in response to the determination
result are performed on the element data, so that an ultrasound
image with a preferred S/N (signal/noise) can be produced.
[0022] In addition, according to the present invention, an
element data storing unit stores the element data, so that new
B mode image data after the sonic speed setting value is
changed can be produced by using the stored element data,
without re-transmitting an ultrasonic pulse into the subject by
a transmitting unit.

[0023] Further, according to the present invention, a proce-
dure of producing new B mode image data after the sonic
speed setting value is changed, is automatically repeated until
the predetermined image quality criteria is satisfied, so that an
ultrasound image adjusted to an optimum focus can be dis-
played.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a functional block diagram showing one
embodiment of an ultrasound diagnostic apparatus according
to the present invention.

[0025] FIG. 2 is a functional block diagram showing a
detailed configuration of an element data processing unit of
the ultrasound diagnostic apparatus shown in FIG. 1.

[0026] FIGS. 3A and3B are explanatory diagrams showing
high quality element data with low noise. FIG. 3A shows the
element data after delay correction, and FIG. 3B shows a
distribution of amplitude values in the element direction of
the element data at a time t1 at which a high brightness signal
is displayed. FIGS. 3C and 3D are explanatory diagrams
showing low quality element data for which delay correction
did not function properly due to influence of the noise. FIG.
3C shows the element data after delay correction, and FIG.
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3D shows a distribution of amplitude values in the element
direction of the element data at a time tl at which a high
brightness signal is displayed.

[0027] FIG. 4 is a flowchart showing one embodiment of a
procedure of an ultrasound diagnostic image data processing
method according to the present invention.

[0028] FIG. 5 is a functional block diagram showing
Embodiment 1 of the ultrasound diagnostic apparatus shown
in FIGS. 1 and 2.

[0029] FIG. 6A is an explanatory diagram illustrating a
process content for the high quality element data with low
noise, and FIG. 6B is an explanatory diagram illustrating a
process content for the low quality element data for which
delay correction did not function properly due to influence of
the noise.

[0030] FIG. 7 is a flowchart showing Embodiment 1 of a
procedure of an ultrasound diagnostic image data processing
method according to the present invention.

[0031] FIG. 8 is a functional block diagram showing
Embodiment 2 of the ultrasound diagnostic apparatus shown
in FIGS. 1 and 2.

[0032] FIG. 9 is a flowchart showing Embodiment 2 of a
procedure of an ultrasound diagnostic image data processing
method according to the present invention.

[0033] FIG. 10 is a schematic diagram illustrating how
delay correction is performed to the element data based on a
sonic speed setting value.

[0034] FIG.11is ablock diagram showing a prior art ultra-
sound diagnostic apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Hereinafter, an ultrasound diagnostic apparatus
according to the present invention will be described in detail
on the basis of preferred embodiments shown in the accom-
panying drawings.

[0036] FIG. 1 is a functional block diagram showing one
embodiment of an ultrasound diagnostic apparatus according
to the present invention. The ultrasound diagnostic apparatus
shown in FIG. 1 includes a transmitting unit 10, an ultrasound
transmitting/receiving element 11, a receiving unit 12, an
element data storing unit 14, an element data processing unit
16, a wave detection processing unit 18, an image producing
unit 20, and a display unit 22.

[0037] The transmitting unit 10 produces an ultrasonic
pulse (ultrasonic wave beam) by driving a plurality of ultra-
sound transmitting/receiving elements (piezoelectric ele-
ments) 11 arranged in one direction of an ultrasound probe
(not shown) which, in use, is abutted to a diagnostic site of a
subject.

[0038] The ultrasound probe transmits the ultrasonic pulse
produced by the transmitting unit 10 into the subject using the
ultrasound transmitting/receiving elements 11, receives a
reflection echo signal (ultrasonic echo) which is the ultra-
sonic pulse reflected by the subject, and converts the reflec-
tion echo signal into an electrical signal (analog).

[0039] The receiving unit 12 amplifies the electrical signal
of the reflection echo signal which is received and converted
by the ultrasound probe, filters out high frequency compo-
nents with a low-pass filter, and performs A/D conversion to
produce element data (digital). That is, the element data is the
data (digital) obtained by amplifying, filtering, and A/D-con-
verting the electrical signal (analog) of the reflection echo
signal (ultrasonic echo) received by the ultrasound probe.
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[0040] The transmitting unit 10, the ultrasound probe, and
the receiving unit 12 described above constitute the ultra-
sound transmitting/receiving unit of the present invention.
[0041] The element data storing unit 14 stores the element
data output by the receiving unit 12. The stored element data
is retained until it is deleted by a predetermined process in
order to change the sonic speed setting value used in a first
delay correction to a different sonic speed setting value for
recalculation.

[0042] FIG. 2 is a functional block diagram showing a
detailed configuration of an element data processing unit of
the ultrasound diagnostic apparatus shown in FIG. 1. The
element data processing unit 16, as shown in FIG. 2, includes
a delay correction unit 16a which corrects delay time in the
element direction (i.e., in the arranging direction of the ultra-
sound transmitting/receiving elements 11 arranged in one
direction) of the element data stored in the element data
storing unit 14, an element data determining unit 165 which
determines the quality of the element data susceptible to a
noise in the element data, on the basis of the distribution of the
amplitude values in the element direction of the element data
after delay correction, and an RF data creating unit 16¢ which
performs different processes on the element data depending
on the determination result whether the element data is of
high quality with low noise, or the element data is of low
quality due to influence of the noise. In the ultrasound diag-
nostic apparatus shown in the prior art, the RF (radio fre-
quency) data is the data obtained through delay correction and
phasing addition of the element data. In the ultrasound diag-
nostic apparatus according to the present invention, the RF
(radio frequency) data is the data obtained by performing
different processes on the element data according to whether
the element data is of high quality (low noise) or the element
data is of low quality (due to influence of the noise) based on
the determination of the quality of the element data on the
basis of the distribution of the amplitude values in the element
direction of the element data, the element data being obtained
through delay correction and without performing phasing
addition.

[0043] The delay correction unit 164 performs delay cor-
rection process to the element data provided by (or read out
from) the element data storing unit 14, using a predetermined
sonic speed setting value. Specifically, the delay correction
process is to correct the delay time in the element direction of
the element data, which is the arrival time difference of the
ultrasonic echo of the element, and to perform phase correc-
tion on the element data.

[0044] FIGS.3A and 3B are explanatory diagrams showing
high quality element data with low noise. FIG. 3A shows
element data after delay correction with the horizontal axis
being element direction and the vertical axis being time. FIG.
3B shows the distribution of the amplitude values in the
element direction of the element data at a time t1 at which a
high brightness signal is displayed, with the horizontal axis
being element direction, and the vertical axis being ampli-
tude. The element data, in this case, is straight with no influ-
ence of the noise in the element direction at a time tl, as
shown in FIG. 3A, and at the time t1, the amplitude values
become high in the vicinity of the center of the element, and
decrease towards the ends of the element, as shown in FIG.
3B. In addition, although the amplitude values in the element
direction of the element at the time t1 shown in FIG. 3B are
distributed in the positive region, amplitude values at a dif-
ferent time may be distributed in the negative region, because
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the element data moves back and forth over time between the
positive region and the negative region.

[0045] On the other hand, FIGS. 3C and 3D are explanatory
diagrams showing low quality element data for which delay
correction did not function properly due to influence of the
noise. FIG. 3C shows the element data after delay correction,
with the horizontal axis being element direction, and the
vertical axis being time, and FIG. 3D shows the distribution of
the amplitude values in the element direction of the element
data at a time t1 at which a high brightness signal is displayed,
with the horizontal axis being element direction, and the
vertical axis being amplitude. The element data, in this case,
as shownin FI1G. 3C, is not straight but fluctuates finely due to
influence of the noise at the time t1, and amplitude values in
the element direction at the time t1 are not distributed in a
smooth shape, but are distributed in various sizes as shown in
FIG. 3D.

[0046] The element data determining unit 165 determines
the quality of the element data susceptible to a noise in the
element data, on the basis of the distribution of the amplitude
values of the element data after delay correction in the ele-
ment direction. Specifically, the element data determining
unit 165 performs a process to determine whether the element
data is of high quality as shown in FIGS. 3A and 3B, or the
element data is of low quality as shown in FIGS. 3C and 3D.
The element data determining unit 16, in this embodiment,
compares an average value of all the amplitude values in the
element direction of the element data, with a threshold value
predetermined in response to a noise. If the average value is
higher than the threshold value, the element data is deter-
mined to be of high quality with low noise, and if the average
value is equal to or lower than the threshold value, the element
data is determined to be of low quality due to influence of the
noise. It should be noted that the element data determining
unit 165 determines the quality of the element data based on
the element data after delay correction in the element direc-
tion, and it is optional to determine the quality of the element
data on the basis of the distribution of the amplitude values of
the element data. Methods for determining the quality of the
element data are not limited.

[0047] In response to the determination result by the ele-
ment data determining unit 165, the RF data creating unit 16¢
creates RF data by performing different processes on the
element data depending on whether the element data is of
high quality, or the element data is of low quality. Specifically,
when the element data is determined to be of high quality by
the element data determining unit 165, the RF data creating
unit 16¢ adopts as the RF data, for example, the element data
having the maximum absolute value of the amplitude value,
so that the element data of the highest quality can be selected
out ofthe reflection echo signals with low noise. On the other
hand, when the element data is determined to be of low
quality, the RF data creating unit 16c adopts as the RF data an
average value of all the amplitude values in the element
direction of the element data so that a noise in the reflection
echo signal can be suppressed. In this way, S/N can be
improved by selecting the element data of highest quality
among the element data with low noise, and by obtaining an
average value of the element data affected by noise, as the RF
data value.

[0048] Itshouldbe noted that the RF data creating unit 16¢
performs different processes on the element data in response
to the determination result by the element data determining
unit 165, and it is optional to perform different processes on
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the element data depending on whether the element data is of
high quality or the element data is of low quality.

[0049] For the element data at a time other than t1, the
quality of the element data is determined similarly on the
basis of the distribution of the amplitude values in the element
direction of the element data after performing delay correc-
tion to the element data, and different processes are per-
formed on the element data depending on whether the ele-
ment data is of high quality or the element data is of low
quality, so that the RF data from the time zero to a predeter-
mined time can be created.

[0050] Subsequently. the wave detection processing unit 18
shown in FIG. 1 produces an envelope signal by performing
an envelope wave detection process with a low-pass filter or
the like, on the RF data created by the RF data creating unit
16¢, after correcting the attenuation due to distance, in
response to the depth of the reflecting position of the ultra-
sonic wave by STC (Sensitivity Time Gain Control).

[0051] The image producing unit 20 produces image data
by performing processes such as logarithm compression, gain
adjustment on the envelope signal produced by the wave
detection processing unit 18, and converting (raster-convert-
ing) the image data into image data conforming to a scan
mode for common television signals, so that B-mode image
data having brightness information according to the signal
strength of the echo can be produced.

[0052] The RF data creating unit 16¢, the wave detection
processing unit 18, and the image producing unit 20 consti-
tute the image producing unit of the present invention.

[0053] The display unit 22 displays an ultrasound image
corresponding to the B-mode image data created by the image
producing unit 20.

[0054] The ultrasound diagnostic apparatus according to
the present invention is basically configured as described
above.

[0055] Next, the operation of the ultrasound diagnostic
apparatus and the ultrasound diagnostic image data process-
ing method according to the present invention will be
described.

[0056] FIG. 4 is a flowchart showing one embodiment of a
procedure of an ultrasound diagnostic image data processing
method according to the present invention. The invention is to
provide an ultrasound diagnostic image data processing
method in which, after performing delay correction to the
element data which is obtained by A/D(analog/digital)-con-
verting an echo signal, the quality of the element data is
determined based on the element data without phasing addi-
tion, and different processes in response to the determination
resultare performed on the element data, so that an ultrasound
image with a preferred S/N (signal/noise) can be displayed. In
addition, the present invention provides an ultrasound diag-
nostic image data processing method in which an element
data storing unit stores the element data, so that new B mode
image data after the sonic speed setting value is changed can
be produced by using the stored element data, without re-
transmitting an ultrasonic pulse into the subject. The method
is constituted of Steps S10-526.

[0057] In Step S10, the transmitting unit 10 drives a plural-
ity of ultrasound transmitting/receiving elements 11 arranged
in one direction of an ultrasound probe to produce an ultra-
sonic pulse, and the ultrasound probe transmits the ultrasonic
pulse into the subject by using the ultrasound transmitting/
receiving elements 11.
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[0058] In Step S12, the ultrasound probe uses the ultra-
sound transmitting/receiving elements 11 to receive an reflec-
tion echo signal (ultrasonic echo) which is the ultrasonic
pulse transmitted into the subject in Step S10 and is reflected
by the subject, and covert the reflection echo signal into an
electrical signal (analog). The receiving unit 12 amplifies,
filters, and A/D-converts the electrical signal of the reflection
echo signal of the ultrasonic pulse received and converted by
the ultrasound probe to produce the element data.

[0059] In Step S14, the element data storing unit 14 stores
the element data output in Step S12.

[0060] In Step S16, the delay correction unit 16a of the
element data processing unit 16 reads out the element data
stored in Step S14, from the element data storing unit 14, and
performs a delay correction process by using a predetermined
sonic speed setting value. Specifically, the delay correction
process is to correct the delay time in the element direction of
the element data, which is the arrival time difference of the
ultrasonic echo of the element data, and to perform phasing
on the element data.

[0061] In Step S18, the element data determining unit 165
determines whether the quality of the element data suscep-
tible to a noise in the element data is of high quality with low
noise or of low quality with high noise, on the basis of the
distribution of the amplitude values in the element direction at
a time t1, of the element data for which delay correction has
been performed in Step S16.

[0062] InStep S20,the RF datacreating unit 16¢ creates the
RF data by performing different processes on the element
data depending on whether the element data is of high quality
or of low quality, in response to the determination result
provided in Step S18. For the element data at a time other than
t1, Steps S16-S20 are repeated so as to create the RF data from
the time zero to a predetermined time.

[0063] In Step S22, the wave detection processing unit 18
produces an envelope signal from the RF data created in Step
S20.

[0064] In Step S24, the image producing unit 20 produces
B-mode image data from the envelope signal created in Step
S22

[0065] In Step S26, the display unit 22 displays an ultra-
soundimage corresponding to the B-mode image data created
in Step S24.

[0066] The ultrasound diagnostic image data processing
method according to the present invention is basically con-
figured by the steps described above.

Embodiment 1

[0067] First, Embodiment 1 of the ultrasound diagnostic
apparatus according to the present invention will be
described.

[0068] FIG. 5 is a functional block diagram showing
Embodiment 1 of the ultrasound diagnostic apparatus shown
in FIGS. 1 and 2. FIG. 6A is an explanatory diagram illus-
trating a process content for the high quality element data
with low noise, and FIG. 6B is an explanatory diagram illus-
trating a process content for the low quality element data to
which delay correction did not function properly due to influ-
ence of the noise. Embodiment 1 shows the process content in
respective components of the element data processing unit 16
shown in FIG. 2, in more detail.

[0069] Other parts are the same as the embodiment of the
ultrasound diagnostic apparatus according to the present
invention shown in FIG. 1.
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[0070] A delay correction unit 160 corresponds to the delay
correction unit 16« in FIG. 2, and performs delay correction
to the element data stored in the element data storing unit 14.
[0071] An element-direction average value calculating unit
162 and an element data determining unit 164 correspond to
the element data determining unit 164 in FIG. 2.

[0072] The element-direction average value calculating
unit 162 calculates an average value A ofthe amplitude values
in the element direction of the element data for which correc-
tion has been performed by the delay correction unit 160. In
the following description, the average value for the high qual-
ity element data shown in FIG. 6 A, and the average value for
the low quality element data shown FIG. 6B will be called as
Aa and Ab, respectively.

[0073] The element data determining unit 164 compares
the average value A of the amplitude values in the element
direction of the element data calculated by the element-direc-
tion average value calculating unit 162 with a predetermined
threshold value T. Then, as shown in FIG. 6A, if the average
value A (Aa) is greater than the threshold value T (YES), the
element data determining unit 164 determines that the ele-
ment data is of high quality with low noise, and an RF data
calculating unit 166 performs a subsequently described Pro-
cess 166y which relates to high quality element data. On the
other hand, as shown in FIG. 6B, when the average value A
(Ab) is equal to or lower than the threshold value T (NO), the
element data determining unit 164 determines that the ele-
ment data is of low quality with high noise, and the RF data
calculating unit 166 performs a subsequently described Pro-
cess 166» which relates to low quality element data.

[0074] The RF data calculating unit 166 corresponds to the
RF data creating unit 16¢ in FIG. 2, and in response to the
determination result, performs either one of two processes of
Process 166y and Process 1667 on the element data deter-
mined by the element data determining unit 164. Process
166y is a process to adopt the element data having the maxi-
mum absolute value of the amplitude value, without phasing
addition, as the RE data. Specifically, as shown in FIG. 6A,
out of the amplitude values in the element direction of the
element data at time t1, the absolute value of the maximum
value and the absolute value of the minimum value are com-
pared. If Imaximum valuel is equal to or greater than Imini-
mum valuel, the maximum value (M in FIG. 6A) of the
amplitude values in the element direction of the element data
atatime t1 is adopted as the RF data value, and if Imaximum
valuel isless than Iminimum valuel, the minimum value ofthe
amplitude values in the element direction of the element data
atatimetl is adopted as the RF data value. On the other hand,
Process 166 is a process to adopt the average value of all the
amplitude values in the element direction of the element data
without phasing addition, as the RF data. Specifically, as
shown in FIG. 6B, the average value of all the amplitude
values in the element direction of the element data at a time t1
(Ab in FIG. 6B) is adopted as the RF data value. Alternately,
the average value may be a value already calculated by the
element-direction average value calculating unit 162.

[0075] Similarly, for the element data at a time other than
t1, after performing delay correction to the element data, an
average value of the amplitude values in the element direction
of the element data is calculated, and the calculated average
value is compared with the predetermined threshold value. In
response to a determination result, either one of Process 166y
and Process 166 is performed to create the RF data from the
time zero to a predetermined time.
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[0076] The ultrasound diagnostic apparatus of Embodi-
ment 1 provides an effect in which, after performing delay
correction to the element data which is obtained by A/D
(analog/digital)-converting an echo signal, the quality of the
element data is determined based on the element data without
phasing addition, and different processes in response to the
determination result are performed on the element data, so
that an ultrasound image with a preferred S/N (signal/noise)
can be displayed. In addition, the ultrasound diagnostic appa-
ratus of Embodiment 1 also provides an effect in which an
element data storing unit stores the element data, so that by
using the stored element data, new B mode image data after
the sonic speed setting value is changed can be produced
without re-transmitting an ultrasonic pulse into the subject by
the transmitting unit 10.

[0077] Embodiment 1 of the ultrasound diagnostic appara-
tus according to the present invention, is basically configured
as described above.

[0078] Next, the operation of the ultrasound diagnostic
apparatus according to the present invention, and the opera-
tionof Embodiment 1 of the ultrasound diagnostic image data
processing method will be described.

[0079] FIG. 7 is a flowchart showing Embodiment 1 of a
procedure of an ultrasound diagnostic image data processing
method. Embodiment 1 shows the process content in Steps
S16-S20 shown in FIG. 4 in more detail.

[0080] Other parts are the same as the embodiment of the
ultrasound diagnostic image data processing method accord-
ing to the present invention, shown in FIG. 4.

[0081] InStep S116, the delay correction unit 160 performs
delay correction to the element data stored in Step S14.
[0082] In Step S118a, the element-direction average value
calculating unit 162 calculates an average values of the ampli-
tude values in the element direction of the element data for
which delay correction has been performed in Step S116.
[0083] In Step S118b, the element data determining unit
164 compares the average value of the amplitude values in the
element direction of the element data calculated in Step
S118a, with the threshold value T.

[0084] In Step S120a, when comparison by the element
data determining unit 164 in Step S1185 shows that the aver-
age value of the amplitude values in the element direction of
the element data is greater than the threshold value T, the RF
data calculating unit 166 compares the absolute value of the
maximum value of the amplitude values in the element direc-
tion of the element data at a time t1 with the absolute value of
the minimum value of the amplitude values in the element
direction of the element data at a time t1. If Imaximum valuel
is equal to or greater than Iminimum valuel, the maximum
value of the amplitude values in the element direction of the
element data at a time t1 is adopted as the RF data value, and
if Imaximum valuel is less than Iminimum valuel, the mini-
mum value of the amplitude values in the element direction of
the element data is adopted as the RF data value.

[0085] In Step S1205, when comparison by the element
data determining unit 164 in Step S1185 shows that the aver-
age value of the amplitude values in the element direction of
the element data is equal to or lower than the threshold value
T, the RF data calculating unit 166 adopts the average value of
all the amplitude values in the element direction of the ele-
ment data at a time t1, as the RF data value.

[0086] Embodiment 1 of the ultrasound diagnostic image
data processing method according to the present invention is
basically configured by the above described steps.
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Embodiment 2

[0087] Next, Embodiment 2 of the ultrasound diagnostic
apparatus according to the present invention will be
described.

[0088] FIG. 8 is a functional block diagram showing
Embodiment 2 of the ultrasound diagnostic apparatus shown
in FIGS. 1 and 2. Embodiment 2 additionally includes an
image quality determining unit 21 between the image produc-
ing unit 20 and the display unit 22 in the functional block
diagram showing Embodiment 1 of the ultrasound diagnostic
apparatus shown in FIG. 5. If the determination result is
“OK?”, the process proceeds to the display unit 22 same as in
Embodiment 1. If the determination result shows “NG”, the
process returns to the delay correction unit 160 in Embodi-
ment 1 through the process condition changing unit 24.
[0089] Other parts are the same as Embodiment 1 of the
procedure of the process method of the ultrasound diagnostic
apparatus, shown in FIG. 5.

[0090] The image quality determining unit 21 determines
whether the image quality of the B-mode image data created
by the image producing unit 20 satisfies the predetermined
image quality criteria or not, in response to the amount of
image features of the ultrasound image. If the image quality
satisfies the image quality criteria, the process of display unit
22 is performed on the determined B-mode image data. If the
image quality does not satisfy the image quality criteria, the
process of the process condition changing unit 24 is per-
formed.

[0091] The image quality determining unit 21 can deter-
mine the image quality in response to whether or not an
amount of image features such as brightness, sharpness, on
the ultrasound image corresponding to the B-mode image
data created by the image producing unit 20 is equal to or
higher than the threshold values predetermined for the
amount of features such as brightness, sharpness, correspond-
ing to a certain quality ultrasound image. In addition, for
example, each time a different sonic speed setting value is
applied, the difference in sonic speed setting values is calcu-
lated and a threshold value indicating a degree of convergence
of the sonic speed setting value predetermined to the differ-
ence may be used as the image quality criteria.

[0092] The process condition changing unit 24 changes the
sonic speed setting value currently set to a different sonic
speed setting value, when the ultrasound image is determined
by the image quality determining unit 21, to be of lower than
the predetermined image quality corresponding to the
B-mode image data created by the image producing unit 20.
And in this case in which the ultrasound image is determined
to be of lower quality, a series of procedures including, chang-
ing sonic speed setting value by the process condition chang-
ing unit 24, delay time correction of the element data by the
delay correction unit 160, determining the quality of the
element data by the element data determining unit (element-
direction average value calculating unit 162 and the element
data determining unit 164), creating an ultrasound image by
the image producing unit (RF data calculating unit 166, wave
detection processing unit 18, and image producing unit 20),
and determining the image quality of the ultrasound image by
the image quality determining unit 21 is controlled to be
repeated until the ultrasound image corresponding to the
B-mode image data created by the image producing unit 20 is
determined to be of the predetermined image quality. Meth-
ods for changing the sonic speed setting value include for
example, a method in which the delay correction unit 160
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initially sets a most frequently used sonic speed setting value
and the process condition changing unit 24 adds or subtracts
a sonic speed difference predetermined for the sonic speed
setting value from the initial value each time. Alternatively,
for example, the delay correction unit 160 may set initially the
sonic speed setting value previously used, and the process
condition changing unit 24 adds or subtracts from the value
by a sonic speed difference.

[0093] The ultrasound diagnostic apparatus of Embodi-
ment 2 provides, in addition to the effect of Embodiment 1, an
effect in which a procedure of producing new B mode image
data after the sonic speed setting value is changed, is auto-
matically repeated until the predetermined image quality cri-
teria 1s satisfied, so that an ultrasound image adjusted to an
optimum focus can be displayed.

[0094] Embodiment 2 of the ultrasound diagnostic appara-
tus according to the present invention is basically configured
as described above.

[0095] Next, the operation of the ultrasound diagnostic
apparatus, and the operation of Embodiment 2 of the ultra-
sound diagnostic image data processing method according to
the present invention will be described.

[0096] FIG. 9 is a flowchart showing Embodiment 2 of a
procedure of an ultrasound diagnostic image data processing
method according to the present invention. Embodiment 2
further includes Step S25a between Step S24 and Step S26
shown in FIG. 7. If the determination result in Step S25 is
“OK?”, the process proceeds to Step S26 similarly to Embodi-
ment 1, and if the determination result is “NG”, the process
returns to Step S116 of Embodiment 1 through Step S255.

[0097] Other parts are the same as Embodiment 1 of the
ultrasound diagnostic image data processing method accord-
ing to the present invention shown in FIG. 7.

[0098] In Step S25a, the image quality determining unit 21
determines the image quality of the B-mode image data cre-
ated in Step S24, in response to the amount of image features
of the ultrasound image.

[0099] In Step S25b, if the image quality determining unit
21 determines that the image quality of the B-mode image
data does not satisfy the image quality criteria in Step S25aq,
the process condition changing unit 24 changes the sonic
speed setting value currently set to a different sonic speed
setting value. In that case in which the image quality of the
B-mode image data is determined not to satisfy the image
quality criteria, a series of procedures including, changing the
sonic speed setting value by Step S25b, element data delay
time correction by Step S116, determining the quality of the
element data by Steps S118a, and S118b, creating an ultra-
sound image by Steps S120a, S1205, S22, and S24, and
determining the image quality of the ultrasound image by
Step S25a, is controlled to be repeated, until the image quality
determining unit 21 determines that the image quality of the
B-mode image data satisfies the image quality criteria, in Step
S25a.

[0100] Meanwhile, delay correction on the element data in
the case the sonic speed setting value is changed will be
described.

[0101] FIG. 10 is a schematic diagram illustrating how
delay correction is performed on the element data based on a
sonic speed setting value. As shown in FIG. 10, a case in
which a plurality of piezoelectric elements of the ultrasound
probe are arranged in a line in the horizontal direction is
considered.
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[0102] Assuming the width of each piezoelectric element
of the piezoelectric elements in the arranging directionisas L,
the distance from the center piezoelectric element to the nth
piezoelectric element in the arranging direction toward the
end part will be nLL.

[0103] As shown in FIG. 10, assuming that the reflection
point of the ultrasonic wave exists at a distance (depth) d
vertical to the arranging direction and from the center piezo-
electric element, a distance (length) d, between the nth piezo-
electric element and the reflection point is calculated in equa-
tion (1):

d~((nLP+d)!? )

[0104] Thus, using the sonic speed setting value V, the time
t, until the ultrasonic wave from the reflection point is
received by the nth piezoelectric element can be calculated in
equation (2):

t,=d /V=((nLY+d&) /v @

[0105] Asdescribed above, since the distance between each
piezoelectric element and the reflection point varies, and in
this case, as shown in the upper graph in FIG. 10, the time t,,
becomes longer as the piezoelectric element is closer to the
ends in the arranging direction.

[0106] That is, assuming that the time until the ultrasonic
wave from the reflection point is received by the nth piezo-
electric element is t1, the ultrasonic wave received by the nth
piezoelectric element delays from the ultrasonic wave
received by the center piezoelectric element by a time At=t,—
t,. The delay correction unit 160 corrects such delay time
represented by time At as described above for the element
data corresponding to each piezoelectric element. Such
delayed delay time At is called as a reception delay pattern. As
described above, the delay time At for the element data of
each piezoelectric element is calculated from the distance
obtained from the geometric arrangement of the reflection
point and the piezoelectric element, and the sonic speed set-
ting value.

[0107] It should be noted that although in the above
example, the ultrasound probe is a linear probe, a convex
probe may also be used based on the same idea, except that the
probe shape is different.

[0108] Embodiment 2 of the ultrasound diagnostic image
data processing method according to the present invention is
basically configured by the above steps.

[0109] Although the ultrasound diagnostic apparatus
according to the present invention has been described here-
tofore in detail referring to embodiments and examples, it
should be appreciated that the present invention is not limited
to the foregoing embodiments and examples, and various
improvement or changes may be made without departing
from the gist of the invention.

[0110] For example, the sonic speed setting value to be
initially set by the delay correction unit 160 may not be a
predetermined value, but may be input each time by an opera-
tor through a not shown input means. In addition, the thresh-
old value T, with which the element data determining unit 164
compares the average value Aa, or Ab of the amplitude values
in the element direction of the element data, may not be a
predetermined value, but may be input each time by an opera-
tor through a not shown input means. In addition, the image
quality criteria with which the image quality determining unit
21 determines the image quality of the B-mode image data
may not be a predetermined value, but may be input each time
by an operator through a not shown input means.
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[0111] Further, when, for the ultrasound image being deter-
mined not to be of predetermined image quality, a series of
procedures including, changing the sonic speed setting value,
delay time correction of the element data, determining the
quality of the element data, creating the ultrasound image,
and determining the image quality of the ultrasound image is
repeated until the ultrasound image corresponding to the
B-mode image data created by the image producing unit 20, is
determined to be of a predetermined quality by the image
quality determining unit 21, the number of repetitions may be
controlled to prevent the repetition continues forever. For
example, the maximum number of repetitions is predeter-
mined, and when the actual number of repetitions reaches the
predetermined maximum number value, the ultrasonic wave
diagnostic image data processing is automatically termi-
nated, as well as the operator is informed of such forced
termination.
[0112] The ultrasound diagnostic apparatus and the ultra-
sound diagnostic image data processing method of the
present invention are industrial applicable because of the
excellent S/N, as well as the capability of displaying an ultra-
sound image adjusted to an optimum focus.
What is claimed is:
1. An ultrasound diagnostic apparatus, comprising:
an ultrasound transmitting/receiving unit which transmits
ultrasonic pulses to a subject by using a plurality of
ultrasound transmitting/receiving elements arranged in
one direction, and receives an ultrasonic echo that is the
ultrasonic pulse reflected by the subject, to produce ele-
ment data;
an element data storing unit which stores the element data
produced by the ultrasound transmitting/receiving unit;
a delay correction unit which corrects a delay time of the
plurality of ultrasound transmitting/receiving elements
in an arranging direction thereof by using a predeter-
mined sonic speed setting value, to perform phasing on
the element data, the delay time being an arrival time
difference of the ultrasonic echo in the element data read
out from the element data storing unit;
an element data determining unit which determines the
quality of the element data, based on the element data
after correction of the delay time of the plurality of
ultrasound transmitting/receiving elements in the
arranging direction thereof, the quality of the element
data being susceptible to a noise in the element data; and
an image producing unit which produces an ultrasound
image, by performing different processes on the element
data in response to a determination result from the ele-
ment data determining unit.
2. The ultrasound diagnostic apparatus according to claim
1, wherein the image producing unit performs different pro-
cesses on the element data depending on whether the element
data is of high quality with the noise reduced, or of low quality
due to influence of the noise, in response to a determination
result from the element data determining unit.
3. The ultrasound diagnostic apparatus according to claim
1, wherein the element data determining unit determines the
quality of the element data based on a distribution of ampli-
tude values of the element data after correction of the delay
time of the plurality of ultrasound transmitting/receiving ele-
ments in the arranging direction thereof.
4. The ultrasound diagnostic apparatus according to claim
3, wherein the element data determining unit compares an
average value of amplitude values of the element data after
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correction of the delay time of the plurality of ultrasound
transmitting/receiving elements in the arranging direction
thereof, with a threshold value predetermined in response to
the noise, and if the average value is greater than the threshold
value, the element data determining unit determines that the
element data is of high quality with the noise reduced, or if the
average value is equal to or lower than the threshold value, the
element data determining unit determines that the element
data is of low quality due to influence of the noise.
5. The ultrasound diagnostic apparatus according to claim
4, wherein, the image producing unit performs a process on
the element data in which an absolute value of the amplitude
value is a maximum value, if the element data determining
unit determines that the element data is of high quality, and
performs a process on the average value of all the amplitude
values of the element data after correction of the delay time of
the plurality of ultrasound transmitting/receiving elements in
the arranging direction thereof, if the element data determin-
ing unit determines that the element data is of low quality.
6. The ultrasound diagnostic apparatus according to claim
1, further comprising an image quality determining unit
which determines the image quality of the ultrasound image
produced by the image producing unit, in response to an
amount of image features of the ultrasound image.
7. The ultrasound diagnostic apparatus according to claim
6, wherein the image quality determining unit determines the
image quality of the ultrasound image produced by the image
producing unit, on the basis of a brightness value of the
ultrasound image.
8. The ultrasound diagnostic apparatus according to claim
6, wherein the image quality determining unit determines the
image quality of the ultrasound image produced by the image
producing unit, on the basis of a sharpness value of the ultra-
sound image.
9. The ultrasound diagnostic apparatus according to claim
6, wherein the image quality determining unit determines the
image quality of the ultrasound image produced by the image
producing unit, in response to whether the amount of image
features is equal to or greater than a threshold value corre-
sponding to a predetermined level of image quality of an
ultrasound image, or not.
10. The ultrasound diagnostic apparatus according to claim
6, further comprising a process condition changing unit,
which changes the sonic speed setting value if the image
quality determining unit determines that the ultrasound image
produced by the image producing unit does not have prede-
termined image quality,
wherein, if the image quality determining unit determines
that the ultrasound image produced by the image pro-
ducing unit does not have predetermined image quality,
changing the sonic speed setting value by the process
condition changing unit, correcting the delay time of the
element data by the delay correction unit, determining
the quality of the element data by the element data deter-
mining unit, producing the ultrasound image by the
image producing unit, and determining the image qual-
ity of the ultrasound image by the image quality deter-
mining unit are controlled to be repeated, until the image
quality determining unit determines that the ultrasound
image has the predetermined image quality.
11. An ultrasound diagnostic image data processing
method, comprising:
a first step of producing an element data by transmitting an
ultrasonic pulse from a plurality of ultrasound transmit-
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ting/receiving elements arranged in one direction to a
subject, and receiving an ultrasonic echo which is the
ultrasonic pulse transmitted and reflected by the subject
by the plurality of ultrasound transmitting/receiving ele-
ments;

a second step of storing the element data produced in the
first step in an element data storing unit;

a third step of correcting a delay time of the plurality of
ultrasound transmitting/receiving elements in an arrang-
ing direction thereof, by using a predetermined sonic
speed setting value to perform phasing on the element
data, the delay time being an arrival time difference of
the ultrasonic echo in the element data read out from the
element data storing unit;

a fourth step of determining the quality of the element data
which is susceptible to a noise in the element data, based
on the element data after correction of the delay time of
the plurality of ultrasound transmitting/receiving ele-
ments in the arranging direction thereof; and

a fifth step of producing an ultrasound image by perform-
ing different processes on the element data, in response
to a determination result of the element data quality in
the fourth step.
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12. The ultrasound diagnostic image data processing

method according to claim 11, further comprising:

a sixth step of determining the image quality of the ultra-
sound image produced in the fifth step, in response to an
amount of image features of the ultrasound image; and

a seventh step of changing the sonic speed setting value if
the ultrasound image produced in the fifth step is deter-
mined not to be of predetermined image quality in the
sixth step,

wherein, if the ultrasound image is determined not to be of
predetermined image quality, changing the sonic speed
setting value in the seventh step, correcting the delay
time of the element data in the third step, determining the
quality of the element data in the fourth step, producing
the ultrasound image in the fifth step, and determining
the image quality of the ultrasound image in the sixth
step are controlled to be repeated, until the ultrasound
image is determined to be of the predetermined image

quality.
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