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FIG. 5
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ULTRASOUND DIAGNOSTIC APPARATUS

[0001] This application is based on Japanese Patent Appli-
cation No. 2011-117560 filed on May 26, 2011, in Japan
Patent Office, the entire content of which is hereby incorpo-
rated by reference.

TECHNICAL FIELD

[0002] The present invention relates to an ultrasound diag-
nostic apparatus.

BACKGROUND OF THE INVENTION

[0003] Conventionally, an ultrasound diagnostic apparatus
is known which includes an ultrasound probe provided with
an arrangement of a plurality of transducers, carries out scan-
ning via an ultrasound beam with respect to a subject, such as
aliving body or the like, generates sound ray data sequentially
from the received ultrasound, and generates and displays an
ultrasound image based on the generated sound ray data.
[0004] In the case of the ultrasound diagnostic apparatus
described above, for example, there is a heretofore known
technique in which the value of interpolated data is deter-
mined in accordance with a difference between two echo data
of the same depth on two adjacent ultrasound beams, and by
forming a pseudo beam between the two ultrasound beams
based on the determined value of interpolated data, the image
size of an ultrasound image is changed (for example, this is
described in Japanese Unexamined Patent Application Pub-
lication No. 08-299340).

[0005] However, in the case of the conventional technique
described above, because there is a case in which accuracy of
an image decreases when the image size of an ultrasound
image is changed, resulted in a problem that the reliability of
image decreases after changing the image size.

SUMMARY OF THE INVENTION

[0006] The present invention has been achieved in consid-
eration of the above problems, and it is one of the main objects
to provide an ultrasound diagnostic apparatus capable of
improving accuracy of an image after changing the image
size.

[0007] Inorderto solve atleast one of the above objects, an
ultrasound diagnostic apparatus reflecting one aspect of the
present invention includes, but is not limited to: a) an ultra-
sound probe configured to acquire a received signal via
receiving a reflected ultrasound from a subject while output-
ting a transmission ultrasound to the subject; b) an image
generating section configured to generate an ultrasound
image data based on the received signal acquired via the
ultrasound probe; ¢) an output image generating section con-
figured to generate an output image data in such a manner that
the output image data becomes a predetermined output size,
by performing an image size changing process with respect to
the ultrasound image data having been generated via the
image generating section; d) a comparison image generating
section configured to generate a comparison image data by
changing an image size of the output image data having been
generated via the output image generating section so that the
comparison image data has an image size identical to that of
an image based on the ultrasound image data having been
generated via the image generating section; and e) an image
correction section configured to perform correction of the
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output image data, having been generated via the output
image generating section, based on a difference between the
comparison image data, having been generated via the com-
parison image generating section, and the ultrasound image
data, having been generated via the image generating section.
[0008] Preferably, in the ultrasound diagnostic apparatus,
the image correction section is configured to perform a cor-
rection of the output image data by a) changing processing
conditions of the image size changing process via the output
image generating section, based on the difference between
the comparison image data, having been generated via the
comparison image generating section, and the ultrasound
image data, having been generated via the image generating
section; and b) controlling the output image generating sec-
tion to newly generate an output image data based on the
processing conditions having been changed.

[0009] Preferably, the ultrasound diagnostic apparatus fur-
ther includes, but is not limited to, a control section config-
ured to set a number of times that generation of the compari-
son image data via the comparison image generating section
and correction of the output image data via the image correc-
tion section are repeated, in accordance with predetermined
transmission/reception conditions of ultrasound, wherein the
generation of the comparison image data via the comparison
image generating section and the correction of the output
image data via the image correction section are repeated the
number of times having been set via the control section.
[0010] Preferably, in the ultrasound diagnostic apparatus,
the control section is configured to set the number of times
that the generation of the comparison image data via the
comparison image generating section and the correction of
the output image data via the image correction section are
repeated, in accordance with a depth of a predetermined focus
point.

[0011] Preferably, the ultrasound diagnostic apparatus fur-
ther includes, but is not limited to: a display section config-
ured to display an image based on the output image data
having been generated via the output image generating sec-
tion; a setting input section configured to set a number of
times that generation of the comparison image data via the
comparison image generating section and correction of the
output image data via the image correction section are
repeated, in accordance with a predetermined operation per-
formed via a user, and a control section configured to: a)
perform a freeze control process, upon reception of a freeze
operation, to maintain an image, according to a timing at
which the freeze operation has been received, in a state in
which the image is displayed in the display section; and b)
repeat the generation of the comparison image data via the
comparison image generating section and the correction of
the output image data via the image correction section the
number of times, having been set via the setting input section,
with respect to an output image data of the image to be
displayed in the display section according to the timing at
which the freeze operation has been received.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other objects, advantages and fea-
tures of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
appended drawings which are given by way of illustration
only, and thus are not intended as a definition of the limits of
the present invention, and wherein:
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[0013] FIG. 1 is a block diagram illustrating a functional
structure of an ultrasound diagnostic apparatus.

[0014] FIG. 2is a flowchart depicting an exemplary flow of
an image display process.

[0015] FIG. 3 is a diagram explaining change of an image

size.
[0016] FIG. 4 is a diagram explaining change of an image
size.
[0017] FIG.5is a flowchart depicting an exemplary flow of

a freeze image display process.
[0018] FIG. 6 is a diagram explaining a case in which a
multiple focusing is carried out.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Hereinafter, a preferred embodiment for carrying
out the present invention will be described with reference to
the drawings. Although various limitations which are techni-
cally preferable for carrying out the present invention are
accompanied to the following embodiment, scope of the
invention is not limited to the following embodiment and the
examples shown in the drawings.

[0020] Ultrasound diagnostic apparatus 20 is an apparatus
which displays the condition of tissue inside a living organ-
ism of a patient (a subject) via an ultrasound image. In other
words, ultrasound diagnostic apparatus 20 is configured to
transmit ultrasound (transmission ultrasound) to the inside of
a subject, such as a living organism, as well as to receive
reflected waves of ultrasound (reflected ultrasound: echo)
reflected from the inside of the subject. Ultrasound diagnostic
apparatus 20 then converts the received reflected waves to
electrical signals, and generates ultrasound image data based
on the electrical signals. Ultrasound diagnostic apparatus 20
then displays the internal state of the subject as an ultrasound
image based on the generated ultrasound image data. Also,
ultrasound diagnostic apparatus 20 generates collateral infor-
mation with respect to the generated ultrasound image data
based on image capturing order information, and ultrasound
diagnostic apparatus 20 is capable of generating an image file,
based on prescribed standards, by attaching the collateral
information to the ultrasound image data.

[0021] As illustrated in FIG. 1, ultrasound diagnostic appa-
ratus 20 is provided with ultrasound diagnostic apparatus
main-body 20a and ultrasound probe 205. Ultrasound probe
205 is configured to transmit ultrasound, as well as to receive
reflected waves, as described above. Ultrasound diagnostic
apparatus main-body 20q is connected to ultrasound probe
205 via cable 20¢, and controls ultrasound probe 205 to
transmit a transmission ultrasound by transmitting a drive
signal of electric signal to ultrasound probe 205. Also, ultra-
sound diagnostic apparatus main-body 20a is configured to
receive signals which are electric signals having been gener-
ated in ultrasound probe 205 in accordance with the reflected
ultrasound from the inside of the subject, received by ultra-
sound probe 205, and to generate ultrasound image data as
described above.

[0022] Ultrasound probe 205 consists of a transducer (not
illustrated in the figure) composed of a piezoelectric element.
A plurality of these transducers is arranged in a one-dimen-
sional array in an azimuth direction (scanning direction). In
this preferred embodiment, as an example, ultrasound probe
204 consisting of 192 transducers is used. It should be noted
that transducers may be arranged in a two-dimensional array.
Also, the number of transducers may be set as appropriate.
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Furthermore, although a probe of a linear electronic scanning
method is adopted in this preferred embodiment, another
method such as an electric scanning method, or a mechanical
scanning method may be adopted. Still further, another
method such as a linear scanning method, sector scanning
method, or convex scanning method may be adopted.

[0023] Ultrasound diagnostic apparatus main-body 20a is
composed of; for example, but is not limited to, operation
input section (setting input section) 201, transmitting section
202, receiving section 203, image generating section 204,
storage section 205, output DSC (Digital Scan Converter)
(output image generating section) 206, display section 207,
control section 208, output image data storage section 209,
comparison DSC (comparison image generating section)
210, and image correction section 211.

[0024] Operation input section 201 is composed of, for
example, but is not limited to, a variety of switches, buttons,
a trackball, a mouse, a keyboard, and the like, and configured
to perform: input of a command which instructs the initiation
of diagnosis, or data of individual information or the like of a
subject; a freeze operation; input of a display enlarging opera-
tion for an enlarged-display in freeze control, or the like, and
operation input section 201 outputs an operation signal to
control section 208.

[0025] Specifically, as a user inputs the output size of an
image into operation input section 201, the output size of the
image is thereby set. Also, in a case in which an enlarged
image is displayed by enlarging an image according to a
freeze operation during the execution of a freeze control, as a
user inputs a number of times of performing correction with
respect to the enlarged image to operation input section 201,
the number of times, of performing correction with respect to
the enlarged image, is set.

[0026] Transmitting section 202 is a circuit configured to
control ultrasound probe 205 to generate transmission ultra-
sound, by providing a drive signal, which is an electric signal,
to ultrasound probe 206 via cable 20c¢, according to the con-
trol via control section 208. Also, transmitting section 202 is
composed, for example, ofa clock generating circuit, a delay-
ing circuit, a pulse generating circuit. The clock generating
circuit is a circuit configured to generate a clock signal which
determines the transmission timing and transmission fre-
quency of the drive signal. The delaying circuit is a circuit
configured to set a delay time to the transmission timing of the
drive signal for each individual pathway corresponding to
each transducer, and to converge the transmission beams
composed of transmission ultrasound by delaying the trans-
mission of the drive signal by the delay time having been set.
The pulse generating circuit is a circuit to generate a pulse
signal as a drive signal in a predetermined cycle. Transmitting
section 202, configured as described above, generates the
transmission ultrasound, for example, by driving a continu-
ous part (for example, 64 transducers) of a plurality of trans-
ducers (for example, 192 transducers). Then, transmitting
section 202 performs scanning by shifting the transducer to
be driven in an azimuth direction each time transmission
ultrasound is generated.

[0027] Receiving section 203 is a circuit configured to
receive signals, which are electric signals, from ultrasound
probe 205 via cable 20c¢, according to the control via control
section 208. Receiving section 203 is composed, for example,
but is not limited to, of an amplifier, an A/D conversion
circuit, and a beamforming circuit. The amplifier is a circuit
configured to amplify the received signals with respect to
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each individual pathway corresponding to each transducer, by
a predetermined amplification factor. The A/D conversion
circuit is a circuit configured to perform an A/D conversion
with respect to the amplified received signal. The beamform-
ing circuit is a circuit to generate sound ray data by giving a
delay time to each individual pathway, corresponding to each
transducer, to adjust time phase with respect to the received
signals, having been A/D converted, and by adding these
received signals (phasing and addition).

[0028] Image generating section 204 is configured to carry
out a logarithmic amplification process and an envelop detec-
tion process with respect to the sound ray data from receiving
section 203, and to generate B-mode image data by carrying
out luminance conversion after adjusting the dynamic range
and gain. In other words, B-mode image data is data in which
the intensity of a received signal is represented via luminance.
Image generating section 204 may be configured in such a
manner that, in addition to the B-mode image data, A-mode
image data, M-mode image data, and image data via a Dop-
pler method, can be generated.

[0029] Storage section 205 is composed of a semiconductor
memory such as, for example, a DRAM (Dynamic Random
Access Memory) and the like, and configured to store the
B-mode image data, transmitted from image generating sec-
tion 204, frame by frame. In other words, it is possible to store
the B-mode image data as frame image data. Then, the frame
image data, having been stored, is transmitted to output DSC
206 and image correction section 211, according to the con-
trol via control section 208. Storage section 205 is composed
of a large capacity memory which is capable of storing frame
image data of approximately 10 seconds, and, for example,
the most recent 10 seconds of frame image data is stored via
a FIFO (First-In First-Out) method.

[0030] Output DSC 206 is configured to carry out, as an
output generating section, coordinate transformation to trans-
form the frame image data, received from storage section 205,
into image data by the scanning method of a television signal,
as well as to generate output image data by performing an
image size changing process so that the output image data
becomes the output size, having been set via operation input
section 201. Output DSC 206 transmits the output image data,
having been generated, to output image data storage section
209.

[0031] Specifically, output DSC 206 is configured to
change image size by performing a magnification interpola-
tion process, such as linear interpolation, bi-linear interpola-
tion, cubic interpolation, nearest-neighbor interpolation, and
the like, as an image size changing process, with respect to
image data so that the image data becomes the output size
having been set via operation input section 201.

[0032] It should be noted that output DSC 206 may instead
perform a reduction interpolation process with respect to
image data. Here, reduction interpolation process is a process
in which one pixel data is generated from some of pixel data
of the pixel data which constitute the image data, and the total
number of pixel data is reduced, as illustrated in FIG. 4 as an
example.

[0033] As display section 207, a display device such as a
LCD (Liquid Crystal Display), a CRT (Cathode-Ray Tube)
display, an organic EL (Electronic Luminescence) display, an
inorganic EL display, a plasma display, or the like, can be
applied. Display section 207 is configured to display an image
on a display screen based on output image data transmitted
from output image data storage section 209. It is to be noted
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that it may be configured in such a way that printed output is
possible by applying a printing device, such as a printer,
instead of a display device.

[0034] Control section 208 is constituted, for example, but
is not limited to, of CPU (Central Processing Unit), ROM
(Read Only Memory), RAM (Random Access Memory), and
is configured to read out a variety of process programs, such
as a system program and the like, having been stored in ROM,
and to expand the programs into RAM, to integrally control
the operation of each section of ultrasound diagnostic appa-
ratus 20 in accordance with the expanded programs.

[0035] ROM is constituted of non-volatile memory and the
like of semiconductors or the like, and stores a system pro-
gram corresponding to ultrasound diagnostic apparatus 20,
various types of process programs, which can be executed on
the system program, such as, for example, a program to
execute an auto-scanning process or the like, and various
types of data and the like such as a gamma table or the like.
These programs are stored in a form of program codes which
can be read by a computer, and the CPU sequentially executes
the operations according to the program codes.

[0036] RAM forms a work area in which various types of
programs to be executed by the CPU and data according to the
programs are temporarily stored.

[0037] Specifically, control section 208 sets the number of
times that generation of comparison data via comparison
DSC 210, and correction of output image data via output
image correction section 211 are repeated in accordance with
predetermined transmission/reception conditions of ultra-
sound, in other words, control section 208 sets the number of
times of performing correction with respect to output image
data.

[0038] Also, when control section 208 has received a freeze
operation via operation input section 201, control section 208
carries out a freeze control to maintain a state in which an
image, according to the timing at which control section 208
has received the freeze operation, is displayed in display
section 207.

[0039] Outputimage data storage section 209 is constituted
in a similar fashion as storage section 205, and is configured
to store output image data, having been generated after having
been subjected to a coordinate transformation process and an
interpolation process via output DSC 206, frame by frame.
Then, the output image data, having been stored, is transmit-
ted to display section 207, comparison DSC 210, and image
correction section 211, in accordance with the control via
control section 208.

[0040] Comparison DSC 210 is configured, as a compari-
son image generating section, to generate comparison image
data by changing the image size of output image data,
received from output image data storage section 209, so that
the output image data has an image size identical to that of the
frame image data generated via image generating section 204.
Comparison DSC 210 transmits the generated comparison
image data to image correction section 211.

[0041] Specifically, comparison DSC 210 changes the
image size by performing a magnification interpolation pro-
cess or a reduction interpolation process with respect to out-
put image data, in a similar fashion as output DSC 206. It
should be noted that changes of image size via output DSC
206 and changes of image size via comparison DSC 210 are
irreversible.

[0042] Image correction section 211 is configured to com-
pare frame image data, having been received from storage
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section 205, with comparison image data, having been
received from comparison DSC 210, pixel data by pixel data,
and detects a difference between the two image data. Image
correction section 211 performs correction of output image
data, having been received from output image data storage
section 209, based on the detected difference.

[0043] Specifically, image correction section 211 is config-
ured to set a correction value in such a manner that the
detected difference, resulting from the comparison of the
image data, approaches zero, and to perform correction with
respect to interpolation pixel data of output image data based
on the set correction value. It should be noted that image
correction section 211 may be configured to change the cor-
rection value in accordance with the number of times of
corrections.

[0044] Also, image correction section 211 may be config-
ured to change process conditions of the image size changing
process via output DSC 206, and to perform correction of
output image data by controlling output DSC 206 to newly
generate output image data based on the process conditions
having been changed.

[0045] Next, an image display process to be executed by
ultrasound diagnostic apparatus 20, which is constituted as
described above, will be described with reference to FIGS. 2
through 4.

[0046] First, control section 208 sets a frame rate based on
predetermined transmission/reception conditions of ultra-
sound, and sets the number of times of performing correction
according to the frame rate (step S101).

[0047] The predetermined transmission/reception condi-
tions of ultrasound are various conditions which influence the
time required for generating image data, such as, for example,
the density of scanning lines, a width of a visual field, a
number of transducers of an ultrasound probe, a depth of a
focus point, a number of emissions ofa transmission beam (in
cases in which a pulse inversion and multiple focusing are
carried out, or the like), and the like. Because the time
required for generating the image data changes in accordance
with the predetermined transmission/reception conditions of
ultrasound, control section 208 sets a frame rate in display
section 207 according to the conditions of transmission/re-
ception of ultrasound. Control section 208, which has stored
the values of frame rate and the numbers of corrections by
correlating to each other in the ROM, sets the number of times
of performing correction by extracting the number of times of
corrections correlated to the frame rate, which has been set
according to the transmission/reception conditions of ultra-
sound.

[0048] Here, how the frame rate depends on the transmis-
sion/reception conditions of ultrasound will be described in
detail.

[0049] As an ultrasound diagnostic apparatus in recent
years, an ultrasound diagnostic apparatus has become com-
mon in which multiple focusing, which carries out a plurality
of transmissions of ultrasound, is performed while changing
the depth of a transmission focus point in one direction. In
cases in which multiple focusing is performed, scanning for
the number of points of transmission focus is carried out in
one frame. In other words, in the case in which an ultrasound
probe, wherein 192 transducers are arranged, for example, is
used, 192 times of transmission beams are emitted in one
scanning, and in one frame, transmission beams are emitted
for the number of times of multiplication between the number
of times of transmission beams in one scanning and the num-
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ber of points of transmission focus. The time required for one
transmission/reception of ultrasound becomes greater in pro-
portion to the depth of the transmission focus point. Also, it is
necessary to set a constant waiting time each time when a
transmission beam is emitted, in order to avoid a mixture of a
transmission ultrasound and a reflected ultrasound. There-
fore, although a higher quality ultrasound image can be
acquired as the depth and the number of the transmission
focus point increase, the time required for acquiring the
image increases. In other words, the frame rate decreases.
[0050] Also, some ultrasound diagnostic apparatuses in
recent years are provided with functions to display an ultra-
sound image by carrying out THI (Tissue Harmonic Imag-
ing). THI is a technique in which a fundamental wave is
output and a secondary harmonic wave, which has twice the
frequency of the fundamental wave, resulting from distortion
of the fundamental wave in the subject, is received, and an
ultrasound image is generated based on the secondary hami-
onic wave, and it is a technique to seek reduction in artifact. In
the case of generating an ultrasound image via THI, since it is
necessary to remove the fundamental wave included in the
reflected ultrasound, pulse inversion is carried out in which an
ultrasound which possesses a waveform opposite in phase
from that of the fundamental wave is further transmitted to
erase the component of the fundamental wave. In this case, it
is necessary to further transmit an ultrasound twice the num-
ber of times, resulting in a further decrease of the frame rate.
[0051] Next, control section 208 reads out frame image
data (hereinafter, referred to as original image data A) which
has been stored in storage section 205, and transmits the
frame image data to output DSC 206. Output DSC 206 per-
forms an image size changing process with respect to original
image data A of an image size of X1xY1 to have a desired
output size of X2xY2, as illustrated in FIG. 3 for example,
and generates output image data B of an image size of X2xY2
(step S102). Specifically, assuming that original image data A
includes pixel data OR0, OR1, and OR2, for example as
illustrated in FIG. 4, output DSC 206 performs a magnifica-
tion interpolation process, as an image size changing process,
with respect to original image data A, and generates output
image data B which includes pixel data OR0 and OR2 and
interpolation pixel data PO, P1, P2, and P3. The generated
output image data B is transmitted to output image data stor-
age section 209 via output DSC 206, and stored in output
image data storage section 209.

[0052] Next, control section 208 reads out output image
data B, having been stored in output image data storage sec-
tion 209, and transmit the output image data to comparison
DSC 210. Comparison DSC 210 changes the image size of
output image data B so that the image size becomes an image
size of X1xY1 which is identical to that of original image data
A, and generates comparison image data C of an image size of
X1xY1 (step S103). Specifically, comparison DSC 210 per-
forms a reduction interpolation process with respect to output
image data B which includes pixel data OR0 and OR2 and
interpolation pixel data P0, P1, P2, and P3, as illustrated in
FIG. 4 for example, and generates comparison image data C
which includes pixel data S0, S1, and S2. Comparison image
data C, having been generated, is transmitted to image cor-
rection section 211 via comparison DSC 210.

[0053] Next, control section 208 reads out original image
data A, having been stored in storage section 205, and trans-
mits the original image data to image correction section 211.
Image correction section 211 compares the received original
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image data A with comparison image data C on a pixel by
pixel basis, and detects a difference therebetween (step
S104). Specifically, as illustrated in FIG. 4 for example,
image correction section 211 compares each pixel value of
pixel data OR0, OR1, and OR2 of original image data A with
each pixel value of pixel data S0, S1, and 52 of comparison
image data C, and determines whether or not there is a dif-
ference between pixel values.

[0054] Next, control section 208 determines whether or not
a difference between pixels of original image data A and
comparison image data C has been detected via image cor-
rection section 211 (step S105). Specifically, as illustrated in
FIG. 3 for example, when comparing each pixel value of pixel
data OR0, OR1, and OR2 of original image data A and each
pixel value of pixel data S0, S1, and S2 of comparison image
data C, although the pixel value of pixel data OR1 corre-
sponds to the pixel value of pixel data S1, a difference occurs
between the pixel value of pixel data OR0 and the pixel value
of pixel data S0, and a difference also occurs between the
pixel value of pixel data OR2 and the pixel value of pixel data
S2. Therefore, in the case illustrated in FIG. 4, image correc-
tion section 211 detects the difference between the pixels of
original image data A and comparison image data C, and it is
determined that a difference has been detected via control
section 208.

[0055] In cases in which it has been determined that a
difference has been detected (step S105: YES), control sec-
tion 208 reads out output image data B, having been stored in
output image data storage section 209, and transmits the data
to image correction section 211, after which image correction
section 211 corrects output image data B based on the
detected difference (step S106). Specifically, as illustrated in
FIG. 4 for example, image correction section 211 increases or
decreases the pixel values of interpolation data PO and P3,
which constitutes output image data B, by a constant value so
that the difference between each pixel value of pixel data
ORO0, OR1, and OR2 of original image data A and the pixel
value of pixel data S0, S1, and S2 of comparison image data
C decreases. In such a way, output image data B is corrected
to output image data B, which includes pixel data OR0 and
OR2 and interpolation pixel data POa, P1, P2, and P3a.
[0056] Control section 208 transmits corrected output
image data By, after having been corrected via image correc-
tion section 211, to output image data storage section 209, and
overwrites output image data B, having been stored in output
image data storage section 209, with output image data B,
after having been corrected.

[0057] It should be noted that in cases in which it is deter-
mined that a difference has been detected (step S105: YES),
as a method to correct output image data B, in addition to the
method in which output image data B is corrected by correct-
ing interpolation pixel data as described above, examples of a
method include a method in which process conditions for
image size changing process via output DSC 206 is changed
based on the detected difference, and output image data B is
corrected by generating output image data B, via output DSC
206 based on the process conditions which have been
changed.

[0058] In casesin which it is determined that no difference
has been detected (step S105: NO), control section 208 omits
the process in step S106, and carries out the process in step
S107.

[0059] Next, control section 208 determines whether or not
the number of times of corrections, having been performed
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with respect to output image data B via image correction
section 211, has exceeded the number of times which has
been set in step S101 (step S107). Here, even if no difference
has been detected in step S105 and therefore the process to be
carried out in step S106 is omitted, this omission is to be
included in “the number of times the correction has been
performed” in step S107.

[0060] Incases in which the number of times of corrections
has not reached the number of times which has been set (step
S107: NO), control section 208 carries out the processes in
step S103 through step S107 again. In other words, control
section 208 transmits output image data B, after having been
subjected to a correction via image correction section 211 in
step S106, to comparison DSC 210, after which comparison
DSC 210 generates comparison image data C, by changing
the image size of output image data B, after having been
corrected, so that the image size becomes the same as that of
original image data A, and carries out the subsequent pro-
cesses in step S104 through step S107 again.

[0061] On the other hand, in cases in which it has been
determined that the number of times of corrections has
reached the number of times having been set (steps S107:
YES), control section 208 reads out output image data B,
after having been corrected and stored in output image data
storage section 209, and controls display section 207 to dis-
play the data.

[0062] Following the above, the image display process is
complete.
[0063] It should be noted that although an example case, in

which a difference between original image data and each
pixel of comparison image data is eliminated via single cor-
rection, is depicted in FIG. 4, a difference between original
image data and comparison image data may be reduced
gradually via multiple corrections.

[0064] Also, a freeze image display process, to be executed
by ultrasound diagnostic apparatus 20 which is constituted as
described above, will now be described with reference to FIG.
5. This freeze image display process is a process which is to
be executed in a case in which a freeze operation is carried out
by the user while output images are displayed sequentially in
display section 207 after the above described correction pro-
cess has been executed.

[0065] First, control section 208 determines whether or not
a freeze operation has been input via operation input section
201 (step S201).

[0066] When it is determined that a freeze operation has
been input (step S201: YES), control section 208 initiates the
freeze control to maintain the state in which an output image,
according to the timing at which the freeze operation was
received, is displayed on a display screen in display section
207 (step S202).

[0067] Next, control section 208 determines whether or not
a magnification display operation has been input via opera-
tion input section 201 (step S203). Here, the magnification
display operation is a magnification ratio designating opera-
tion to display the output image, displayed in display section
207 according to the timing at which the freeze operation was
received, in an enlarged view at a desired magnification ratio.
[0068] In cases in which it is determined that a magnifica-
tion display operation has been input (step S203: YES), con-
trol section 208 sets the number of times of performing cor-
rection in accordance with the value which has been input via
operation input section 201 (step S204). Here, in the freeze
image display process, because a correction is performed
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with respect to a still image of which the image size has been
enlarged, the number of times of performing correction is not
set according to the frame rate, but the number of times of
performing correction is set according to the value having
been set by the user.

[0069] It should be noted that, in cases in which it is deter-
mined that no magnification display operation has been input
(step S203: NO), control section 208 completes the freeze
image display process.

[0070] Next, control section 208 reads out output image
data (hereinafter referred to as output image data D) of an
output image to be displayed in display section 207 in accor-
dance with the timing at which the freeze operation has been
received, from output image data storage section 209, and
transmits the output image data to output DSC 206. Output
DSC 206 carries out an image size changing process with
respect to output image data D so as to be displayed in an
enlarged view at the magnification ratio designated in step
S203, and generates an enlarged image data (hereinafter
referred to as enlarged image data E) (step S205). Enlarged
image data E, having been generated, is transmitted to output
image data storage section 209 via output DSC 206, and
stored in output image data storage section 209.

[0071] Next, control section 208 reads out enlarged image
data E, having been stored in output image data storage sec-
tion 209, and transmits the enlarged image data to comparison
DSC 210. Comparison DSC 210 changes the image size of
enlarged image data E so that the image size becomes the
same image size as that of frame image data (hereinafter
referred to as original image data F) based on which output
image data D has been generated, in the image display pro-
cess depicted in FIG. 2, and generates comparison image data
(hereinafter referred to as comparison image data G) (step
S206). Comparison image data G, having been generated, is
transmitted to image correction section 211 via comparison
DSC 210.

[0072] Next, control section 208 reads out original image
data F, having been stored in storage section 205, and trans-
mits the original image data to image correction section 211.
Image correction section 211 compares original image data F,
having been received, with comparison image data G on a
pixel by pixel basis, and detects a difference (step S207).

[0073] Next, control section 208 determined whether or not
a difference between pixels of original image data F and
comparison image data G has been detected via image cor-
rection section 211 (step S208).

[0074] In cases in which it is determined that a difference
has been detected (step S208: YES), control section 208 reads
out enlarged image data E, having been stored in output image
data storage section 209, and transmits that data to image
correction section 211, and image correction section 211
corrects enlarged image data E based on the detected differ-
ence (step S209).

[0075] Control section 208 transmits the corrected enlarged
image data E,,, after having been corrected via image correc-
tion section 211, to output image data storage section 209, and
overwrites enlarged image data E, having been stored in out-
put image data storage section 209, with enlarged image data
E,, after having been corrected.

[0076] It should be noted that, in cases in which it has been
determined that no difference has been detected (step S208:
NO), control section 208 omits the process in step S209, and
carries out the process in step S210.
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[0077] Next, control section 208 determines whether or not
the number of times of corrections, having been performed
with respect to enlarged image data E via image correction
section 211, has exceeded the number of times which has
been set in step S204 (step S210).

[0078] Incases in which the number of times of corrections
does not reach the number of times which has been set (step
S210: NO), control section 208 carries out the processes in
step S206 through step S210 again.

[0079] On the other hand, in cases in which it has been
determined that the number of times of corrections has
reached the number of times having been set (steps S210:
YES), control section 208 reads out the enlarged image data,
having been stored in output image data storage section 209,
and controls display section 207 to display the data.

[0080] Following the above, the freeze image display pro-
cess is complete.

[0081] It should be noted that the freeze image display
process is complete when a freeze control completion opera-
tion has been received via operation input section 201, or a
predetermined time, which has been prescribed in advance,
has elapsed.

[0082] As described above, according to this preferred
embodiment, output image data is generated by changing the
image size of a frame image data so as to become a desired
output size, and generates a comparison image data by chang-
ing the image size of the output image data so as to become the
same image size of that of the frame image data, and corrects
the output image data based on the difference between the
frame image data and the comparison image data, and there-
fore, the accuracy of an output data, after changing the image
size, can be improved. Thus, the reliability of an output
image, after changing the image size, can be improved.
[0083] Also, because the number of times that generation of
comparison image data and correction of an output image
data are repeated (the number of times of performing correc-
tion) is set in accordance with predetermined transmission/
reception conditions of ultrasound, and the generation of a
comparison image data and correction of an output image
data are repeated the number of times having been set, a
multiple times of corrections can be performed with respect
to an output image in an ultrasound diagnostic apparatus in
which the frame rate decreases significantly according to
transmission/reception conditions of ultrasound, and there-
fore, an output image having a higher image quality can be
displayed in accordance with lowness of a frame rate.
[0084] Also, because the number of times of performing
correction with respect to image data is set in accordance with
the depth of a focus point, the number of times of performing
correction increases as the depth of a focus point increases,
and therefore, an output image having a higher image quality
can be displayed.

[0085] Also, because the number of times that generation of
comparison image data and correction of output image data
(the number of times of performing correction) with respect
to an image, which is displayed in display section 207 accord-
ing to the timing at which a freeze operation is received, is set
in accordance with the operation via operation input section
201, the number of times of performing correction can be set
in concert to a taste of user and/or diagnosis positions, and
therefore, a freeze image having a higher image quality,
according to need, can be displayed.

[0086] It should be noted that, although an image which is
based on output image data and enlarged image data, having
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been stored, is outputted in a display section in an ultrasound
diagnostic apparatus in this preferred embodiment, said
image data may be output to a display apparatus or a printing
apparatus which is connected externally to the ultrasound
diagnostic apparatus, or output to an external device con-
nected via a network or the like.

[0087] Also, the above described image correction is per-
formed with respect to all of the frame data generated via an
image generating section in this preferred embodiment, an
image correction process may be performed, as appropriate,
for example, only in a case in which a prescribed operation
has been carried out via an operation input section.

[0088] Further, although a reduction interpolation process
is carried out with respect to image data in a case in which an
image size is to be reduced in this preferred embodiment
(refer to FIG. 4), the image size may be changed by removing
a part of pixel data.

[0089] Also, although output image data (or enlarged
image data) is generated by changing the image size by car-
rying out a magnification interpolation process with respect
to original image data in this preferred embodiment (refer to
FIG. 3), output image data may be generated by changing the
image size by carrying out a magnification interpolation pro-
cess with respect to original image data only in a transverse
direction (in an azimuth direction), or output image data may
be generated by changing the image size by carrying out a
magnification interpolation process with respect to frame
image data in a transverse direction (in an azimuth direction)
and by carrying out a reduction interpolation process in a
longitudinal direction (in a depth direction).

[0090] Furthermore, although an enlarged image, having
been corrected after having been subjected to corrections of
the number of times having been set, is displayed in a display
section in a freeze image display process in this preferred
embodiment, an enlarged image having been corrected each
time a single correction is performed may be displayed in a
display section.

[0091] Also, although an example is disclosed in which a
hard disk, a non-volatile memory of a semiconductor, or the
like, is used as a computer-readable medium of the programs
according to the present invention in this preferred embodi-
ment, the medium is not limited to the examples. As another
computer-readable medium, a portable recording medium
such as a CD-ROM may be applied. Also, as a medium to
provide the data of the programs according to the present
invention, a carrier wave may be applied.

EXAMPLE 1

[0092] In ultrasound diagnostic apparatus 20 according to
this preferred embodiment, the time required for generating
frame image data in a case in which a multiple focusing is
carried out with reference to FIG. 6.

[0093] Itis to be noted that, in this preferred embodiment,
as illustrated in FIG. 6, a case will be described in which
sound ray data, in area .1 from depth 0 mm (the surface of a
subject) to depth 25 mm, is acquired by setting the depth of a
focus point to position P1, and then sound ray data, in area [.2
from depth 25 mm to depth 50 mm, is acquired by setting the
depth of the focus point to position P2, then following that,
sound ray data, in area L3 from depth 50 mm to depth 75 mm,
is acquired by setting the depth of the focus point to position
P3.

[0094] Assuming that the velocity of sound is 1,540 m/s in
a subject, the time required for acquiring sound ray data in
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area L1 is 25x107°x2/(1,540x107)=0.0324675 ms, and the
time required for acquiring sound ray data in area 1.2 is
5%107°x2/(1,540x107°)=0.0649351 ms, and the time
required for acquiring sound ray data in area L3 is 75x107>x
2/(1,540x1072)=0.0974026 ms. Here, the time which is about
1.5 times as large as the time required for acquiring the sound
ray data in each area is conventionally necessary so that the
transmission/reception of ultrasound at a focus point has no
influence on the transmission/reception of ultrasound at other
focus points. Therefore, the time required for acquiring the
data of a single sound ray becomes
0.0324675%1.5+0.0649531x1.5+40.0974026x1.5=0.2922078
(ms). In a case in which the data of 192 sound ray are to be
acquired, the time required for generating an image for a
single frame becomes 0.2922078x192=56.1038976 (ms).
[0095] Therefore, in a case in which a multiple focusing,
like this preferred embodiment, is carried out, the frame rate
of the ultrasound diagnostic apparatus becomes about 18 fps
(1/0.0561038976=17.824104).

[0096] Since the frame rate of a commercially available
television receiver is about 60 fps, the frame rate of the
ultrasound diagnostic apparatus according to the preferred
embodiment is about %3 or less than that of a commercially
available television receiver. Although only about one correc-
tion of output image data can be per formed in cases in which
the frame rate is about 60 fps, the same as that of a commer-
cially available television receiver, multiple times of correc-
tions of output image data can be performed in the above
described image display process in the case of this preferred
embodiment. In this way, since the frame rate of an ultrasound
diagnostic apparatus decreases significantly according to
transmission/reception conditions of ultrasound, a multiple
times of corrections with respect to output image data can be
performed in the ultrasound diagnostic apparatus according
to the preferred embodiment of the present invention.

[0097] Although the preferred embodiment of the present
invention has been described by way of the accompanying
drawings, it should be noted that specific structures are not
restricted to those shown in the embodiments. Various
changes and modifications should be construed as being con-
tained in the present invention unless such changes and modi-
fications depart from the scope of the present invention.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe configured to output a transmission
ultrasound to a subject, and to acquire a received signal
via receiving a reflected ultrasound from the subject;

an image generating section configured to generate an
ultrasound image data based on the received signal
acquired via said ultrasound probe;

an output image generating section configured to generate
an output image data in such a manner that the output
image data becomes a predetermined output size, by
performing an image size changing process with respect
to the ultrasound image data having been generated via
said image generating section;

a comparison image generating section configured to gen-
erate a comparison image data by changing an image
size of the output image data having been generated via
said output image generating section so that the com-
parison image data has an image size identical to that of
an image based on the ultrasound image data having
been generated via said image generating section; and
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an image correction section configured to perform correc-
tion of the output image data, having been generated via
said output image generating section, based on a differ-
ence between the comparison image data, having been
generated via said comparison image generating sec-
tion, and the ultrasound image data, having been gener-
ated via said image generating section.
2. The ultrasound diagnostic apparatus described in claim
1, wherein said image correction section is configured to
perform correction of the output image data by a) changing
processing conditions of the image size changing process via
said output image generating section, based on the difference
between the comparison image data, having been generated
via said comparison image generating section, and the ultra-
sound image data, having been generated via said image
generating section; and b) controlling said output image gen-
erating section to newly generate an output image data based
on the processing conditions having been changed.
3. The ultrasound diagnostic apparatus described in claim
1, further comprising a control section configured to set a
number of times that generation of the comparison image data
via said comparison image generating section and correction
ofthe output image data via said image correction section are
repeated, in accordance with predetermined transmission/
reception conditions of ultrasound,
wherein the generation of the comparison image data via
said comparison image generating section and the cor-
rection of the output image data via said image correc-
tion section are repeated the number of times having
been set via said control section.
4. The ultrasound diagnostic apparatus described in claim
3, wherein said control section is configured to set the number
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of times that the generation of the comparison image data via
said comparison image generating section and the correction
of'the output image data via said image correction section are
repeated, in accordance with a depth of a predetermined focus
point.

5. The ultrasound diagnostic apparatus described in claim

1, further comprising:

a display section configured to display an image based on
the output image data having been generated via said
output image generating section;

a setting input section configured to set a number of times
that generation of the comparison image data via said
comparison image generating section and correction of
the output image data via said image correction section
are repeated, in accordance with a predetermined opera-
tion performed via a user; and

a control section configured to: a) perform a freeze control
process, upon reception of a freeze operation, to main-
tain an image, according to a timing at which the freeze
operation has been received, in a state in which the
image is displayed in said display section; and b) repeat
the generation of the comparison image data via said
comparison image generating section and the correction
of the output image data via said image correction sec-
tion the number of times, having been set via said setting
input section, with respect to an output image data of the
image to be displayed in said display section according
to the timing at which said freeze operation has been
received.
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