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displays the ultrasound diagnosis image, wherein the display
section displays the ultrasound diagnosis image so that inter-
mediate image is inserted and displayed in a chronological
order into image based on the frame image data.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND PROGRAM

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on Japanese Patent
Application No. 2010-242152 filed with Japanese Patent
Office on Oct. 28, 2010 and Japanese Patent Application No.
2011-113053 filed with Japanese Patent Office on May 20,
2011, the entire content of which is hereby incorporated by
reference.

FIELD OF THE INVENTION

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

BACKGROUND

[0003] What is commonly known in the prior art includes
an ultrasound diagnostic apparatus equipped with a vibration
probe made up of an array of multiple transducers, wherein
ultrasound waves are exchanged with a subject such as a
living body, and ultrasound image data is generated on a
per-frame basis based on the data obtained from the received
ultrasound wave and is displayed on an image display device.
[0004] Most of the display devices used in the ultrasound
diagnostic apparatus in recent years are liquid crystal dis-
plays. A hold type display, for example, is often used as the
liquid crystal display. In such a hold type liquid crystal dis-
play, emissions in part of the past frame and that ofthe current
frame are integrated so that a residual image is issued when a
moving object is displayed.

[0005] By contrast, in one of the conventional ultrasound
diagnostic apparatuses, an impulse drive type display is used
to restrict the pixel emission period in one frame to a pre-
scribed period, thereby suppressing the residual image (e.g.,
Japanese Unexamined Patent Application Publication No.
2010-46343).

Problems to be Solved by the Invention

[0006] Incidentally, to get a more accurate ultrasound
image in an ultrasound diagnostic apparatus, it is necessary to
increase the number of transmissions and receptions of ultra-
sound waves in one frame and to prolong the time for each
transmission and reception. This causes the frame rate to
drop, and if the image moves, the motion will be less smooth
and the object of diagnosis will go out of sight. This can
disturb accurate diagnosis.

[0007] The ultrasound diagnostic apparatus disclosed in
the aforementioned Japanese Unexamined Patent Applica-
tion Publication No. 2010-46343, however, fails to solve the
problem of frame rate drop, although the residual image can
be suppressed.

SUMMARY OF THE INVENTION

[0008] One aspect of the present invention is an ultrasound
diagnostic apparatus comprising: an ultrasound probe includ-
ing a transducer which outputs ultrasound waves toward a
subject by means of a drive signal and outputs a reception
signal by receiving the ultrasound waves reflected from the
subject; a transmission section which supplies the transducer
with the drive signal; a receiving section which receives the
reception signal sent from the transducer; an image genera-
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tion section which generates frame image data obtained by
converting the reception signal received by the receiving sec-
tion, into brightness information showing brightness of
image; an intermediate image generation section which
detects a moved image out of a plurality of frame image data
in different frames, generated by the image generation sec-
tion, identifies a move source and a move destination of the
detected moved image based on the plurality of frame image
data, and generates intermediate image data which allocates
the moved image at a position obtained by interpolating the
identified move source and the identified move destination of
the detected moved image; and a display section which dis-
plays the ultrasound diagnosis image, based on the frame
image data generated by the image generation section and the
intermediate image data generated by the intermediate image
generation section, wherein the display section displays the
ultrasound diagnosis image so that intermediate image based
on the intermediate image data generated by the intermediate
image generation section is inserted in a chronological order
into image based on the frame image data generated by the
image generation section.

[0009] Another aspect of the present invention is a com-
puter-readable recording medium storing a program to be
executed by a computer provided in an ultrasound diagnosis
apparatus including a transducer which outputs ultrasound
waves toward a subject by means of a drive signal and outputs
a reception signal by receiving ultrasound waves reflected
from the subject, wherein the program makes the computer
function as: a transmission section which supplies the trans-
ducer with a drive signal; a receiving section which receives
the reception signal output from the transducer, an image
generation section which generates frame image data
obtained by converting the reception signal received by the
receiving section, into brightness information showing a
brightness of the image; an intermediate image generation
section which detects moved image out of a plurality of frame
image data in different frames, generated by the image gen-
eration section and, based on the plurality of frame image
data, identifies positions of a source and a destination of the
detected image, and generates intermediate image data which
allocates a moved image at a position obtained by interpolat-
ing positions of an origin and a destination of movement of
the detected image; and a display section which displays the
ultrasound diagnosis image, based on the frame image data
generated by the image generation section and the interme-
diate image data generated by the intermediate image genera-
tion section, wherein the ultrasound diagnosis image is dis-
played on the display section so that intermediate image
based on the intermediate image data generated by the inter-
mediate image generation section is inserted in a chronologi-
cal order into image based on the frame image data generated
by the image generation section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram representing the external struc-
ture of an ultrasound diagnostic apparatus in an embodiment
of the present invention;

[0011] FIG. 2 is a block diagram representing the approxi-
mate structure of the ultrasound diagnostic apparatus;
[0012] FIG. 3 is a block diagram representing the func-
tional structure of the intermediate image generation section;
[0013] FIGS. 4a and 4b is a diagram showing the motion
vector detection technique;
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[0014] FIGS. Sa and 55 are diagrams showing the motion
vector detection technique;

[0015] FIG. 6 is a diagram showing the block image struc-
ture;

[0016] FIGS. 7a,7b and 7c are diagrams showing the gen-
eration of intermediate image data;

[0017] FIGS. 84, 86 and 8¢ are diagrams showing the gen-
eration of intermediate image data;

[0018] FIG. 9 is a diagram showing the process of setting
the number of pieces of intermediate image data;

[0019] FIG. 10 is a diagram showing the setting of the
number of pieces of intermediate image data according to
frame rate;

[0020] FIG. 11 is a diagram showing the intermediate
image data generation process;

[0021] FIGS. 124, 126 and 12¢ are diagrams showing the
storage of image data;

[0022] FIG. 13 is a diagram showing the freeze control
process; and

[0023] FIG. 14 is a diagram showing the freeze control
process.

DESCRIPTION OF EMBODIMENTS
[0024] The following describes the ultrasound diagnostic

apparatus in the present embodiment of the present invention
with reference to drawings, without the scope of the invention
being restricted to the illustrated examples. The portions hav-
ing the same function and structure will be assigned the same
numerals of reference, and will not be described to avoid
duplication.

[0025] As shown in FIGS. 1 and 2, the ultrasound diagnos-
tic apparatus S as an embodiment of the present invention
includes an ultrasound diagnostic apparatus main body 1 and
an ultrasound probe 2. The ultrasound probe 2 sends ultra-
sound waves (for transmission) to such a subject as a living
body (not illustrated) and receives the reflected ultrasound
waves (echo) reflected from this subject. The ultrasound diag-
nostic apparatus main body 1 is connected with the ultra-
sound probe 2 through a cable 3, and sends an electric drive
signal to the ultrasound probe 2, thereby allowing the ultra-
sound probe 2 to send transmission ultrasound waves to the
subject At the same time, based on the reception signal as an
electric signal generated by the ultrasound probe 2 according
to the reflected ultrasound waves from inside the subject
received by the ultrasound probe 2, the ultrasound diagnostic
apparatus main body 1 converts the internal state of the sub-
ject into an ultrasound image.

[0026] The ultrasound probe 2 is equipped with a transduc-
ers 2a consisting of a piezoelectric element. A plurality of
transducers 2a are arranged in a one-dimensional array, for
example, in the direction of orientation (in the scanning direc-
tion or vertical direction). The present embodiment uses an
ultrasound probe 2 provided with n(e.g., 192)-transducers 2a.
The transducers 2a can be arranged in a two-dimensional
array. The number of the transducers 2a can be determined as
desired. In the present embodiment, a linear electronic scan-
ning probe is used as an ultrasound probe 2. Any one of the
electronic scanning method and mechanical scanning method
can be used. Further, any of the linear scanning method,
sector scanning method and convex scanning method can be
adopted.

[0027] The ultrasound diagnostic apparatus main body 1
includes an operation input section 11, transmission section
12, receiving section 13, image generation section 14,
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memory section 15, DSC (Digital Scan Converter) 16, dis-
play section 17 and control section 18, for example, as shown
in FIG. 2.

[0028] The operation input section 11 includes various
switches, buttons, track ball, mouse and keyboard for enter-
ing the diagnosis start instruction command, private informa-
tion of a subject and other data as well as the input data for
freeze operation and frame advance operation. The operation
signal is sent to the control section 18. The number of inter-
mediate images to be inserted (described later) can be set by
the input operation of the operation input section 11.

[0029] Under control of the control section 18, the trans-
mission section 12 supplies the electric drive signal to the
ultrasound probe 2 through the cable 3, and allows the ultra-
sound probe 2 to generate transmission ultrasound waves.
Further, the transmission section 12 is equipped with a clock
generation circuit, delay circuit and pulse generation circuit,
for example. The clock generation circuit generates clock
signals for determining the drive signal transmission timing
and transmission frequency. The delay circuit sets the delay
time of the drive signal transmission timing for each path
corresponding to each transducer 2a so that the drive signal is
delayed by the preset delay time and the transmission beam
made up of transmission ultrasound waves is converged. The
pulse generation circuit generates pulse signals as drive sig-
nals at a prescribed period.

[0030] Under the control of the control section 18, the
receiving section 13 receives the electric reception signal
from the ultrasound probe 2 through the cable 3. The receiv-
ing section 13 is equipped with an amplifier, analog-to-digital
conversion circuit, and phased adding circuit, for example.
The amplifier amplifies the reception signal at a prescribed
amplification rate having been preset, for each path corre-
sponding to each transducer 2a. The analog-to-digital con-
version circuit applies analog-to-digital conversion to the
amplified reception signal. The phasing adding circuit assigns
delay time to the reception signal subjected to analog-to-
digital conversion to adjust temporal phase for each path
corresponding to each transducers 2a The resulting data is
added (for phasing) to generate sound ray data.

[0031] Theimage generation section 14 applies processing
of logarithmic amplification or enveloping wave detection to
the sound ray data coming from the receiving section 13,
thereby generating B-mode image data The B-mode image
data represents the intensity of the reception signal in terms of
brightness. The image generation section 14 is equipped with
an intermediate image generation section 14a.

[0032] The intermediate image generation section 14a
inputs two frames of the B-mode image data generated in the
aforementioned procedure by the image generation section
14. Then, one or more pieces of intermediate image data are
generated from the inputted two frames of B-mode image
data This intermediate image data to be described in details
later is used to insert images in chronological order between
the images displayed in conformity to the inputted two frames
of B-mode image data. The B-mode image data structured for
each frame may be called the frame image data

[0033] The B-mode image data and intermediate image
data generated in the aforementioned procedure are sent to
the memory section 15.

[0034] The memory section 15 is composed of a semicon-
ductor memory such as a DRAM (Dynamic Random Access
Memory), and stores the B-mode image data sent from the
image generation section 14 in units of frames. To be more
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specific, such data can be stored as frame image data Further,
the memory section 15 stores the intermediate image data
sent from the image generation section 14. The stored frame
image data and intermediate image data are sent to the DSC
16 under the control of the control section 18.

[0035] The DSC 16 converts the frame image data and
intermediate image data received from the memory section
15, into the image signal by the TV signal scanning method,
and the image signal is output to the display section 17.
[0036] Such a display device as an LCD (Liquid Crystal
Display), CRT (Cathode-Ray Tube) display, organic EL
(Electronic Luminescence) display, inorganic EL display and
plasma display can be used as the display section 17. The
present embodiment is effective particularly when applied to
the ultrasound diagnostic apparatus using the LCD or organic
EL. The display section 17 displays an image on the display
screen in conformity to the image signal sent from the DSC
16. Instead of the display device, a printing device such as a
printer can be used.

[0037] The control section 18 includes a CPU (Central
Processing Unit), ROM (Read Only Memory), and RAM
(Random Access Memory), for example. The control section
18 reads various processing programs such as system pro-
grams stored in the ROM, and develops them on the RAM,
and provides centralized control of the operation of each part
of the ultrasound diagnostic apparatus S according to the
developed program. The ROM is made of such a nonvolatile
memory as semiconductor and stores the system program
compatible with the ultrasound diagnostic apparatus S and
various processing programs running on this system program.
These programs are stored in the computer-readable code
format and the CPU sequentially performs the operations in
conformity to the relevant program code. The RAM serves as
a work area for temporarily storing the programs executed by
the CPU.

[0038] The following describes how the control section 18
allows the memory section 15 to store the frame image data
generated by the image generation section 14 and the inter-
mediate image data generated by the intermediate image gen-
eration section 14a. The control section 18 permits the
memory section 15 to store the frame image data generated by
the image generation section 14 and the intermediate image
data generated by the intermediate image generation section
14a each in the format that can be identified.

[0039] To be more specific, as shown in FIG. 12a, when the
frame image data generated by the image generation section
14 is stored in the memory section 15, the control section 18
assigns frame image data with an identification information
(tag information) T1 for identifying the frame image data.
Similarly, when the intermediate image data generated by the
intermediate image generation section 14a is stored in the
memory section 15, the control section 18 assigns intermedi-
ate image data with the identification information (tag infor-
mation) T2 for identifying the intermediate image data. This
procedure makes it possible to determine if the image data
stored in the memory section 15 is the frame image data
generated by the image generation section 14 or the interme-
diate image data generated by the intermediate image genera-
tion section 14a. Itis also possible to make such arrangements
that the control section 18 assigns the identification informa-
tion to either the frame image data or intermediate image data
so that, based on the presence or absence of the identification
information, identification is made to see if the image data is
the frame image data or intermediate image data.
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[0040] As shown in FIG. 125, the control section 18 can
allow different storage regions in a memory section 15 to
separately store the frame image data generated by the image
generation section 14 and the intermediate image data gener-
ated by the intermediate image generation section 14a. To be
more specific, the control section 18 can provide control in
such a way that the frame image data 1 through frame image
data N generated by the image generation section 14 are
stored in the region indicated by a prescribed address inside
the memory section 15 (e.g., region from ADRO000 through
the address immediately before ADRXXXX of FIG. 125),
and the intermediate image data 1 through intermediate
image data N-1 generated by the intermediate image genera-
tion section 14a are stored in the region indicated by the
separate address inside the memory section 1 (e.g., region
from the ADRXXXX onward of FIG. 125).

[0041] Further, as shown in FIG. 12¢, the control section 18
allows different memory sections to separately store the
frame image data generated by the image generation section
14 and the intermediate image data generated by the interme-
diate image generation section 14a. To be more specific, It is
also possible to arrange such a configuration that the memory
section 15 is made of a memory section 154 and memory
section 155, and the control section 18 allows one of the
memory sections 15a to store the frame image data generated
by the image generation section 14, and permits the other
memory section 155 to store the intermediate image data
generated by the intermediate image generation section 14a.
[0042] The following describes the functional structure of
the intermediate image generation section 14a.

[0043] Asshown in FIG. 3, the intermediate image genera-
tion section 14a includes a previous frame image memory
section 401, noise eliminator 402, motion vector detector
403, switching section 404, intermediate data generation sec-
tion for destination detection 405, and intermediate data gen-
eration section 406 when the destination is not detected.
[0044] The previous frame image memory section 401
stores the frame image data based on the B-mode image data
last generated in the image generation section 14. To be more
specific, the previous frame image memory section 401 stores
the frame image data generated in the frame one frame before
the latest one.

[0045] The intermediate image generation section 14a
ensures that the B-mode image data generated by the image
generation section 14 is held in a buffer (not illustrated) until
one frame of B-mode image data is generated. When the
frame image data has been generated, namely, when the frame
image data of the updated frame has been generated, this
frame image data is inputted into the noise eliminator 402.
The noise eliminator 402 is provided with a horizontal noise
eliminator 4024 and vertical noise eliminator 4025. Noise in
the horizontal direction is eliminated by the horizontal noise
eliminator 402a. The horizontal noise eliminator 402a
applies the band limiting filter to smoothen abrupt noise in the
horizontal direction. In the present embodiment, an attention
pixel is extracted from the inputted frame image data in a
prescribed sequence. Centering on this attention pixel, the
LPF (Low-Pass Filter) having coefficients of V4:%4:24:%4: Y5 in
the horizontal direction is applied to eliminate noise in the
horizontal direction.

[0046] This is followed by the step of noise eliminator 402
in the vertical noise eliminator 4025 applying a process of
noise elimination in the vertical direction to the frame image
data having been subjected to noise elimination in the hori-
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zontal direction. The vertical noise eliminator 4025 applies
the band eliminating filter to smoothen abrupt noise in the
vertical direction. In the present embodiment, an attention
pixel is extracted from the inputted frame image data in a
prescribed sequence. Centering on this attention pixel, the
LPF (Low-Pass Filter) having coefficients of V/s:%4: %4:%4: V5 1n
the vertical direction is applied to eliminate noise in the
vertical direction. The noise eliminator 402 outputs to the
motion vector detector 403 the frame image data whose noise
has been eliminated in the aforementioned procedure.
[0047] The intermediate image generation section 14a, in
the meantime, inputs the frame image data into the noise
eliminator 402 from the previous frame image memory sec-
tion 401. The noise eliminator 402 is provided with a hori-
zontal noise eliminator 402¢ and vertical noise eliminator
402d, and serves eliminate the horizontal noise by means of
the horizontal noise eliminator 402¢. The method for remov-
ing the noise by means ofthe horizontal noise eliminator 402¢
is the same as that by means of the aforementioned horizontal
noise eliminator 402q and the description will be omitted.
[0048] This is followed by the step of the vertical noise
eliminator 4024 eliminating vertical noise of the frame image
data subjected to horizontal noise elimination. The resulting
data is outputted to the motion vector detector 403. The
method for removing the noise by means of the vertical noise
eliminator 402d is the same as that by means of the afore-
mentioned vertical noise eliminator 4024 and the description
will be omitted.

[0049] The motion vector detector 403 is provided with a
comparison block size decision section 403a, search range
size decision section 4035, comparison block motion pro-
cessing section 403c¢, brightness difference decision section
403d, the minimum brightness difference position storage
section 403e, undetected destination decision section 403f,
interpolation method selection section 403g.

[0050] When the frame image data of the latest frame sub-
jected to the aforementioned noise elimination process and
the frame image data of the frame one frame before the latest
one have been inputted, the motion vector detector 403 takes
the following step to detect the motion vector, wherein the
frame image data of the frame one frame before the latest one
is used as an original frame and the latest frame image data is
assumed as a reference frame:

[0051] The motion vector detector 403 uses the comparison
block size decision section 403a to split the original frame
into a plurality of blocks each having the size of mxn. The
motion vector detector 403 uses the search range size decision
section 4035 to ensure that the search range having a search
range size of XxY will be set on the reference frame based on
the position in the original frame whose position is to be
searched. To put it more specifically, for example, as shown in
FIG. 4a, when the block whose position is to be searched is
located at (X, y), search range having a size of XxY is set at
the position shown in FIG. 45, on the reference frame. If the
frame image data has an image size of AxB and excessive
processing load is applied by a search in the entire range of
frame image data, set the search range size at XxY (X<A,
Y<B), for example. Ifthe processing load is not excessive, the
search range size can be set to XxY (X=A, Y=B). It is also
possible to arrange such a configuration that the search range
size can be adjusted in conformity to the diagnostic position
or settings.

[0052] The motion vector detector 403 allows the compari-
son block motion processing section 403c¢ to scan the block

May 3, 2012

whose position is to be searched, within the search range of
the reference frame, and uses the brightness difference deci-
sion section 403d to search for the image having a high degree
of correlativity with the image of this block on the reference
frame, and to identify the destination of the image of this
block.

[0053] Referring to FIGS. 54 and 5b, the following
describes how to identify the destination of the block image:
In the example of FIGS. 5a and 55, the size of each block of
the original frame is assumed as 8x8 dots.

[0054] As shown in FIG. 5a, if the block whose position is
to be searched for is the block B, of the original frame, the
difference in brightness between and the image composed of
the block B, and the image to be referenced in the reference
frame having the same size as the block B, is checked by the
brightness difference decision section 4034, while the block
B, in the search range of the reference frame is scanned by the
compared block motion processing section 403¢. Then the
block B,' as a destination of the block B, is identified, as
shown in FIG. 55 by detecting the position wherein the bright-
ness difference is the minimum, namely, the position of the
greatest correlativity.

[0055] In the present embodiment, for example, the desti-
nation of the block B, is identified by determining the differ-
ence in brightness between 8x8=64 dots constituting the
block B, and the 8x8=64 dots of the image to be referenced in
the reference frame. The image of the block B, has a pixel
structure as shown in FIG. 6. The absolute value of brightness
difference is found out for each pixel and the sum total is
calculated. This procedure is used to find out the brightness
difference between the image constituting the block B, and
the image to be referenced in the reference frame. The similar
procedure is used to search the destinations of other blocks
B,, B3, and B,, and the blocks B,', B;', B, are identified.
[0056] In the calculation of the brightness difference for
each pixel, it is also possible to calculate only the brightness
difference at specific positions, without the brightness differ-
ence being calculated for all of the 8x8 pixels. For example, it
is also possible to calculate the brightness difference for the
pixels on the upper left, lower left, upper right and lower right
alone.

[0057] When the destination of the image whose position
has been searched for by the aforementioned procedure has
been identified, the motion vector detector 403 allows the
information on the destination of that block to be stored in the
minimum brightness difference position storage section
403e.

[0058] In the meantime, if there is any block for which the
destination could not be found out as a result of detecting the
destination for each block in the aforementioned manner, the
motion vector detector 403 provides the undetected destina-
tion decision section 403/ with the information that the des-
tination could not be found out for that block.

[0059] As described above, after detection of the motion
vector for each block, if the image of the portion to be gen-
erated in the generation of the intermediate image data (to be
described later) is the image whose destination has been
detected, the motion vector detector 403 allows the minimum
brightness difference position storage section 403e to output
the information to that effect to the interpolation method
selection section 403g. At the same time, the motion vector
detector 403 outputs the information indicating the destina-
tion to the intermediate data generation section for destina-
tion detection 405. In the meantime, if the image of the
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portion to be generated is the image whose destination has not
been detected, the information to that effect is output to the
interpolation method selection section 403g by the undetec-
ted destination decision section 403f. The motion vector
detector 403 allows the interpolation method selection sec-
tion 403g to output to the switching section 404 the signal in
conformity to the inputted information from the minimum
brightness difference position storage section 403e and unde-
tected destination decision section 403f. To put it more spe-
cifically, if there is an input of information from the minimum
brightness difference position storage section 403e, the inter-
polation method selection section 403g outputs the signal
showing the intention of generating the intermediate image. If
there is an input of information from the undetected destina-
tion decision section 403f; the interpolation method selection
section 403g outputs the signal showing the intention of gen-
erating an averaging image.

[0060] The switching section 404 selects the position of the
switch in conformity to the signal supplied from the interpo-
lation method selection section 403g. To put it more specifi-
cally, when the signal of generating the intermediate image
has been inputted from the interpolation method selection
section 403g, the switching section 404 sets the switch to (M).
When the signal of generating the averaging image has been
inputted, the switching section 404 sets the switch to (A).
[0061] When the (M) has been selected by the switching
section 404, the inputted frame image data of the latest frame
and the frame image data of the frame one frame before the
latest one stored in the previous frame image memory section
401 are inputted into the intermediate data generation section
for destination detection 405.

[0062] The intermediate data generation section for desti-
nation detection 405 identifies the position of the image at the
source as a target for generating the intermediate image from
the frame image data of the preceding frame, and identifies
the position of the image at the destination, based on the
information showing the destination outputted from the mini-
mum brightness difference position storage section 403e¢. The
following formulae (1) and (2) are used to calculate the inter-
mediate data generation position M1 (x, y). In the following
formulae, P (%, y) indicates the reference position of the
image at the source and F (x, y) denotes the reference position
of the image at the destination.

M1(x)=P(x)+F(x)-P(x))/2 (1)
M1y)=PO+E()-P()2 @
[0063] Further, in the present embodiment, a plurality of

pieces of intermediate image data are generated in conformity
to particular requirements, as will be described later. The
generation position Mm (X, y) of the intermediate data in the
intermediate image data in this case is calculated from the
following formulae (3) and (4). In the following formulae,
“n” denotes the number of generated intermediate images,
and “m” assumes the numeral in the range from 1 through “n”.

Mm(x)=P(x)+(F(x)-P(x))m/(n+1) (3)
Mm(y)=Py)+E)-Py)m/(n+1) “
[0064] The intermediate data generation section for desti-

nation detection 405 generates intermediate data to ensure
that the image at the source as a target for generating the
intermediate data will be arranged in such a way that the
generation position M1 (%, y) (or Mm (x, y)) of the interme-
diate data having been calculated is used as a reference posi-

May 3, 2012

tion. The intermediate data generated by the aforementioned
procedure is stored, for example, in the intermediate image
data buffer (not illustrated).

[0065] When the (A) has been selected by the switching
section 404, the image data of the block whose destination has
not been detected is read from the frame image data of the
preceding frame stored in the previous frame image memory
section 401, and the data of the image arranged at the same
position as the image data of the block whose destination has
not been detected is read from the frame image data of the
latest frame having been inputted. Then, these two pieces of
image data are each inputted into the intermediate data gen-
eration section 406 for undetected destination mode.

[0066] After weights have been assigned to the inputted
image data by the weighing sections 406a and 4065, the
intermediate data generation section 406 for undetected des-
tination mode allows the averaging image data to be gener-
ated through addition by the adder 406¢. In present embodi-
ment, each of the weighing factors of the weighing sections
4064 and 40654 is 0.5. These factors can be set to any desired
value. The averaging image data generated by the adder 406¢
is stored in the aforementioned intermediate image data buf-
fet.

[0067] When one frame of intermediate image data has
been generated at the intermediate image data buffer in the
aforementioned procedure, the intermediate image genera-
tion section 14a allows the image data to be sent to the
memory section 15. In the aforementioned procedure, the
intermediate image generation section 14a generates the pre-
set number of pieces of intermediate image data for each
frame, and these pieces of data are sequentially output to the
memory section 15.

[0068] When the intermediate image data has been gener-
ated in the aforementioned procedure, the intermediate image
data is inserted in chronological order between the pieces of
frame image data generated for each frame based on the
sound ray data, and is displayed on the display section 17. To
put it more specifically, for example, as shown in FIGS. 7A
and 7C, when the frame image data has been generated, the
intermediate image shown in FIG. 76 will be generated. A
moving subject T, is arranged with reference to the coordi-
nate P, (X, y), in the frame image data of the preceding frame
shown in FIG. 7a, One frame after, the moving subject T,
moves to the position wherein the coordinate F, (x, y) is the
reference position, as shown in FIG. 7c.

[0069] When the destination of the moving subject T, has
been identified by the intermediate image generation section
14a in the aforementioned procedure, a step is taken to cal-
culate the position intermediate between the moving subjects
T, of two frames to generate the intermediate image data so
that the moving subject T,' as the same image as the moving
subject T, will be arranged, as shown in FIG. 75, wherein the
calculated position M1 (X, y) is used as a reference position.
When the intermediate image data has been generated in the
aforementioned procedure, a smooth movement of the mov-
ing subject can be displayed, even if the frame rate drops by
transmit/receive of ultrasound waves.

[0070] In the frame image data of the preceding frame
shown in FIG. 84, the moving subject T, in addition to the
moving subject T, is arranged at P, (x, y). As shown in FIG.
8¢, the moving subject T, is not present in the frame image
data of the latest frame. Accordingly, the destination of the
moving subject T1 is not detected by the motion vector detec-
tor 403 of the intermediate image generation section 14a.
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Here, in the intermediate image generation section 14a, the
image data having the same image size located at the same
reference position F, (x, y) as the image data constituting the
moving subject T, in the frame image data of the preceding
frame is extracted by the frame image data of the latest frame.
The averaging image data with the moving subject T1'
arranged therein is generated at M1 (x, y) by the interpola-
tion with the image data constituting the moving subject T, .
In this case, the reference position Myl (%, y) is the same
coordinate as P, (x,y) and F1 (x, y). The residual image can
bereduced by generation of the intermediate image data in the
aforementioned procedure.

[0071] The averaging image data can be either the image
data constituting the moving subject T1 in the frame image
data of the preceding frame, or the image data in the latest
frame image data having the same image size, located at the
same reference position F, (x, y) as the image data constitut-
ing the moving subject T, in the frame image data of the
preceding frame. The artifact can be reduced by generation of
the intermediate image data in the aforementioned procedure.
[0072] Referring to FIG. 9, the following describes the
procedure of setting the number of the intermediate frames
for the present embodiment. The procedure of setting the
number of intermediate frames is implemented when a pre-
scribed setting operation has been performed by the user.
[0073] The control section 18 checks whether or not the
number of the frames to be inserted has been directly inputted
by the operation of the operation input section 11 by the user
(Step S101). When it has been determined that the number of
the frames to be inserted has been directly inputted (Step
S101:Y), the control section 18 sets the inputted values as the
intermediate images to be inserted and displayed in chrono-
logical order in the display of the frame image (Step S102),
terminating this processing.

[0074] When it has been determined that the number of the
frames to be inserted has not directly been inputted (Step
S101: N), the control section 18 identifies the frame rate by
determining the currently preset ultrasound wave transmis-
sion/reception conditions (Step S103).

[0075] Inthis case, the frame rate depends on the settings of
the ultrasound wave transmission/reception conditions, par-
ticularly on the number of the transmission beams to be
applied for one frame, and the depth of the reflected ultra-
sound waves to be received.

[0076] The ultrasound diagnostic apparatus of recent years
generally performs multi-stage focusing operation wherein a
plurality of ultrasound wave transmissions and/or receptions
are performed while the depth of the transmission focus point
is varied in the same direction. When such a multi-stage
focusing operation is performed, the scanning operations cor-
responding to the number of transmission focus points are
performed for each frame. To be more specific, when an
ultrasound probe with 192 transducers arranged thereon, 192
transmission beams are emitted in one scanning operation, for
example. Further, for each frame, transmission beams are
emitted in the number of times multiplied by the number of
the transmission focus points. The time required for one
transmission/reception of the ultrasound wave is increased in
proportion to the depth of the transmission focus point. To
avoid confusion between the transmission ultrasound waves
and reflected ultrasound waves, a prescribed wait time must
be provided for each emission of the transmission beam.
Thus, as the number of the transmission focus points and the
depth thereof are increased, a higher-quality ultrasound
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image can be obtained. However, this increases the time to get
the image, and hence causes the frame rate to drop.

[0077] Some of the ultrasound diagnostic apparatuses of
recent years are provided with a function of displaying the
ultrasound image by THI (Tissue Harmonic Imaging). The
THI outputs the fundamental wave and receives the second-
ary harmonic wave having the frequency twice that of the
fundamental wave resulting from distortion of the fundamen-
tal wave in the subject. Based on this secondary harmonic
wave, the ultrasound image is generated. Thus, the THI pro-
vides a technique of reducing the artifact. To generate the
ultrasound image by THI, it is necessary to remove the fun-
damental wave contained in the reflected ultrasound waves.
Thus, a step is taken to perform pulse inversion wherein the
ultrasound waves having the waveform having a phase oppo-
site to that of the fundamental wave is further outputted to
erase the fundamental wave component. This requires a trans-
mission/reception of ultrasound waves twice the aforemen-
tioned level, and hence results in a further drop of frame rate.
[0078] Asdescribed above, an ultrasound image may not be
obtained at a prescribed frame rate, depending on the settings
of the ultrasound wave transmission/reception, namely, the,
ultrasound wave transmission/reception conditions. The
frame rate in conformity to ultrasound wave transmission/
reception conditions is set in advance by the control section
18 to ensure that an appropriate ultrasound image can be
obtained.

[0079] The control section 18 sets a value conforming to the
frame rate identified in Step S103, as the number of interme-
diate images to be inserted and displayed in chronological
order on the frame image display (Step S104), whereby pro-
cessing terminates. To put it more specifically, the Table
shown in FIG. 10 is stored in the ROM. Referring to this
Table, the control section 18 extracts and sets the number of
intermediate images conforming to the frame rate. If the
frame rate is below 30 F/s, for example, the number of inter-
mediate images to be inserted is “2” by the control section 18.
If the frame rate is 30 F/s or more but less than 60 E/s, the
number of intermediate images to be inserted is “1”. If the
frame rate is equal to or greater than 60 F/s, no intermediate
image is inserted. The number of intermediate images to be
inserted with respect to the frame rate can be set to a desired
value. With consideration given to the processing speed in the
generation of the intermediate image data, this number is
preferably set to such a value that a residual image is not
recognized by the user. Generally, when an intermediate
image has been inserted, the residual image is not recognized
very much if the frame rate is equal to or greater than 60 F/s.
A residual image is hardly recognized if the frame rate is
equal to or greater than 100 F/s,

[0080] In the present embodiment, the control section 18
serves as a freeze control section to provide freeze control in
such a way that, when the freeze operation of the operation
input section 11 has been performed, the ultrasound diagnosis
image (including the frame image and intermediate image)
displayed on the display section 17 at the moment the freeze
operation has been received is kept in the state displayed on
the display section 17.

[0081] In the present embodiment, the control section 18
serves as a display control section to provide frame feed
display in such a way that, when the frame advance operation
has been made on the operation input section 11, the ultra-
sound diagnosis images displayed on the display section 17
are converted in units of image data in chronological order
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and is displayed on the display section 17. The frame advance
operation through the operation input section 11 includes the
operation of displaying the frame image which is chronologi-
cally one frame before the frame image displayed on the
display section 17, and the operation of displaying the frame
image which is chronologically one frame after the frame
image displayed on the display section 17.

[0082] Referring to FIGS. 13 and 14, the following
describes the image display processing executed by the con-
trol section 18 of the aforementioned configuration. The
image display processing to be described below is executed in
conformity to a prescribed operation by a doctor or radiogra-
pher in an examination by ultrasound diagnosis using an
ultrasound diagnostic apparatus S of the present embodiment.

[0083] The control section 18 determines whether or not a
freeze operation has been inputted from the operation input
section 11 (Step S301).

[0084] When it is determined that the freeze operation has
been inputted (Step S301:Y), the control section 18 takes a
step of determining whether the data of the ultrasound diag-
nosis image displayed on the display section 17 at the moment
the freeze operation has been received is the frame image data
generated by the image generation section 14 or the interme-
diate image data generated by the intermediate image genera-
tion section 14a (Step S302).

[0085] As described above, when the image data is stored in
the memory section 15, the control section 18 ensures that the
frame image data can be identified from the intermediate
image data. Based on the identification information added to
the image data, the control section 18 determines if the image
data conforming to the freeze operation is the frame image
data generated by the image generation section 14, or the
intermediate image data generated by the intermediate image
generation section 14a.

[0086] AsshowninFIG. 1254, when the image data is stored
in the separate storage region inside the memory section 15,
the control section 18 determines, based on the address of the
storage region of the stored image data, if the image data
conforming to the freeze operation is the frame image data
generated by the image generation section 14, or intermediate
image data generated by the intermediate image generation
section 14a.

[0087] As shown in FIG. 12¢, if the image data is stored in
the separate memory sections 15a and 155, the control section
18 determines, based on in which memory section the image
data is stored, if the image data conforming to the freeze
operation is the frame image data generated by the image
generation section 14, or the intermediate image data gener-
ated by the intermediate image generation section 14a.

[0088] This is followed by the step of the control section 18
determining if the identified image data is the intermediate
image data or not (Step S303). When it is determined that
identified image data is the intermediate image data (Step
S303: Y), the control section 18 reads out of the memory
section 15 the frame image data of the frame image displayed
on the display section 17 immediately before intermediate
image based on the relevant intermediate image data (Step
S304). In the meantime, if it is determined that identified
image data is not the intermediate image data but the frame
image data (Step S303: No), the control section 18 reads the
relevant frame image data out of the memory section 15 (Step
S305).
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[0089] Thisis followed by the step of the control section 18
ensuring that the frame image conforming to the frame image
data having read out is displayed on the display section 17
(Step S306).

[0090] Thus, as shown in FIG. 14, if the freeze operation
has been received at the timing indicated by the arrow b or ¢
when the intermediate image conforming to the intermediate
image data B or C is displayed on the display section 17, the
control section 18 ensures that the frame image conforming to
the frame image data A displayed on the display section 17
immediately prior to this intermediate image is kept dis-
played on the display section 17. If the freeze operation has
been received at the timing indicated by the arrow “a” when
the frame image conforming to the frame image data A is
displayed on the display section 17, the control section 18
ensures that the frame image conforming to this frame image
data A is kept displayed on the display section 17. Similarly,
if the freeze operation has been received at the timing indi-
cated by the arrow “d” when the frame image conforming to
the frame image data B is displayed on the display section 17,
the control section 18 ensures that the frame image conform-
ing to this frame image data D is kept displayed on the display
section 17.

[0091] Thisis followed by the step of the control section 18
determining if the frame advance operation has been per-
formed on the operation input section 11 or not (Step S307).
[0092] Ifitis determined that the frame advance operation
has been performed (Step S307: Y), the control section 18,
based on this frame advance operation, reads out of the
memory section 15 the image data of the frame which is one
frame before or after the frame image displayed on the display
section 17 (Step S308). Then the control section 18 ensures
that the frame image based on the image data of the frame
which is one frame before or after the one having been read
out is displayed on the display section 17 (Step S309). Then
processing of the Step S307 is performed again.

[0093] The control section 18 repeats the procedures of
Steps S307 through S309 until it is determined that the frame
advance operation has not been performed in Step S307 (Step
S308: N). If it has been determined that the frame advance
operation is not performed, the control section 18 terminates
the processing of image display.

[0094] After the freeze control has been started, the control
section 18 terminates the freeze control in conformity to a
lapse of a prescribed time or based on the freeze termination
operation on the operation input section 11.

[0095] Inthis case, if the intermediate image data is gener-
ated in conformity to the frame image data, an artifact may
occur to the intermediate image based on this intermediate
image data. When such intermediate images are to be inserted
into the frame image in chronological order and to be dis-
played as dynamic images on the ultrasound diagnosis image,
an artifact does not raise any problem because it is invisible.
However, if freeze control or frame feed display is imple-
mented and an intermediate image containing an artifact is
displayed as a still image, a diagnostic error may occur
because the artifact is made visible to the user. To solve this
problem, the aforementioned structure is adopted in the
embodiment of the present invention.

[0096] As described above, the ultrasound probe 2 accord-
ing to the present invention includes transducers 2a arranged
in parallel that output transmission ultrasound waves toward
a subject by means of a drive signal and, at the same time,
output the reception signal by receiving the ultrasound waves
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reflected from the subject. The transmission section 12 sup-
plies the transducers 2a with the drive signal. The receiving
section 13 receives the reception signal sent from the trans-
ducers 2a. The image generation section 14 generates the
frame image data obtained by converting the reception signal
received by the receiving section 13, into the brightness infor-
mation showing the brightness of the image. The intermediate
image generation section 14a detects the moved image out of
a plurality of pieces of image data in different frames, gener-
ated by the image generation section 14. Based on a plurality
of pieces of frame image data, the intermediate image gen-
eration section 14q identifies the positions of the source and
destination of the detected image. The intermediate image
generation section 14a generates the intermediate image data
wherein the moved image is arranged at the position obtained
by interpolation of the positions of the source and destination
of the identified image. The display section 17 displays the
ultrasound diagnosis image, based on the frame image data
generated by the image generation section 14 and the inter-
mediate image data generated by the intermediate image gen-
eration section 14a. The display section 17 displays the ultra-
sound diagnosis image to ensure that the intermediate image
based on the intermediate image data generated by the inter-
mediate image generation section 14a will be inserted in
chronological order into the image based on the frame image
data generated by the image generation section 14 and then
displayed. Thus, the interpolated image inserted in chrono-
logical order into the image based on the frame image data is
displayed, whereby the display frame rate can be increased.
This ensures occurrences of residual images to be reduced,
even if the frame rate drops due to the ultrasound wave trans-
mission/reception conditions. Further, this arrangement
ensures smooth display of a dynamic image, and hence mini-
mizes the possibility of the diagnostic target being over-
looked, with the result that the precision of the ultrasound
diagnosis is enhanced.

[0097] According to the embodiment of the present inven-
tion, intermediate image generation section 14a generates the
intermediate image data to ensure that the moved image will
be arranged at the point intermediate between the source and
destination of the identified image. This provides accurate
information on the position of the moved image among the
interpolated image, and therefore, ensures a smoother display
of the dynamic image.

[0098] According to the embodiment of the present inven-
tion, when the source or destination of the moved image
cannot be identified, the intermediate image generation sec-
tion 14a smoothes the image data of the moved image portion
in the frame image data of the moved image whose position
has been identified in a plurality of pieces of frame image
data, and the image data of the image portion at the same
position as the moved image in the frame image data of the
moved image whose position is not identified. Then, the inter-
mediate image generation section 14a generates the interme-
diate image data so that the smoothed image will be arranged
in the same position as the moved image. This results in a
gradual increase or decrease of the image brightness, and
therefore, flickering of the image can be reduced.

[0099] According to the embodiment of the present inven-
tion, when the source and destination of the moved image
cannot be identified, the intermediate image generation sec-
tion 14a generates the intermediate image data to ensure that
the image located at the same position as the moved image in
the frame image data of the moved image whose position has
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been identified in a plurality of pieces of frame image data, or
the moved image in the frame image data of the moved image
whose position has not been identified will be arranged at the
same position as the moved image. This arrangement reduces
the artifact on the display of the image whose position of the
source or destination cannot be identified.

[0100] According to the embodiment of the present inven-
tion, in conformity to the frame rate determined by the preset
ultrasound wave transmission/reception conditions, the con-
trol section 18 sets the number of intermediate images to be
displayed between frames. The intermediate image genera-
tion section 144 ensures that pieces of the intermediate image
data to be displayed by insertion into the image based on the
frame image data generated by the image generation section
14 are generated for the number of intermediate images set by
the control section 18. This arrangement allows the appropri-
ate number of pieces of the intermediate image data to be
produced for the frame rate, and provides a smooth image
display in conformity to the frame rate.

[0101] According to the embodiment of the present inven-
tion, in conformity to the operation of the operation input
section 11, the control section 18 sets the number of interme-
diate images to be displayed between frames. The intermedi-
ate image generation section 14a ensures that pieces of the
intermediate image data to be displayed by insertion into the
image based on the frame image data generated by the image
generation section 14 are generated for the number of inter-
mediate images set by the control section 18. Thus, the num-
ber of intermediate images can be set in conformity to the
diagnostic position or taste of the user, for example, with the
result that smooth image display in response to user require-
ments is provided.

[0102] The display section 17 uses a liquid crystal display
panel or organic EL display panel to display an ultrasound
diagnosis image. When the present embodiment is applied to
the liquid crystal display panel or organic EL display panel, a
remarkable residual image suppression effect is ensured.
[0103] According to the embodiment of the present inven-
tion, when the ultrasound diagnosis image in conformity to
the timing that the freeze operation has been received is the
intermediate image based on the intermediate image data
generated by the intermediate image generation section 14a,
the control section 18 allows the frame image based on the
frame image data to be displayed. Thus, even if an artifact
occurs on the intermediate image at the time of generation of
the intermediate image, diagnosis can be performed only by
the frame image generated by the image generation section
14, whereby diagnostic error can be prevented.

[0104] According to the embodiment of the present inven-
tion, when the ultrasound diagnosis image in conformity to
the timing that the freeze operation has been received is the
intermediate image based on the intermediate image data
generated by the intermediate image generation section 14a,
the control section 18 displays the frame image to be dis-
played on the display section 17 immediately before or after
the intermediate image in chronological order. This arrange-
ment permits display of the frame image at the timing closest
to the timing that the freeze operation has been performed,
and ensures more accurate diagnosis.

[0105] According to the embodiment of the present inven-
tion, when the frame advance operation has been received, the
control section 18 allows only the frame image based on the
frame image data generated by the image generation section
14 to be displayed on the display section 17 by switching in
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image data units. Thus, even if an artifact occurs on the
intermediate image at the time of generation of the interme-
diate image, diagnosis can be performed only by the frame
image generated by the image generation section 14, whereby
diagnostic error can be prevented.

[0106] The description of the embodiment in the present
invention shows only an example of the ultrasound diagnostic
apparatus in the present invention, without the present inven-
tion being restricted thereto. The details of the structure and
operation of various functional components of the ultrasound
diagnostic apparatus can be modified as appropriate.

[0107] In the embodiment of the present invention, in the
detection of the motion vector by the motion vector detector
403, the motion vector is detected on the assumption that the
original frame is the frame image data of the frame one frame
before the latest one, and the reference frame is the frame
image data of the latest frame. However, it is also possible to
arrange such a configuration that the motion vector is detected
on the assumption that the original frame is the frame image
ofthe latest frame, and the reference frame is the frame image
data of the frame latest one frame before the latest one.
[0108] In the embodiment of the present invention, the
number of intermediate frames can be set by the user. How-
ever, the number of intermediate frames can be fixed. In the
present embodiment, the number of intermediate frames can
be set by choosing between inputting a desired value and
inputting a specified value according to frame rate. However,
these functions can be restricted to any one of them.

[0109] In the embodiment of the present invention, when
the ultrasound diagnosis image displayed on the display sec-
tion at the moment the freeze operation has been received is
anintermediate image, the frame image to be displayed on the
display section immediately before this intermediate image
will be displayed. However, the frame image to be displayed
on the display section immediately after this intermediate
image can be allowed to be displayed.

[0110] In the embodiment of the present invention, the
frame feed display is executed during the freeze control.
However, the frame feed display can be executed when freeze
control is not used.

[0111] In the embodiment of the present invention, in the
frame feed display, what is displayed every time the frame
advance operation is received is the frame image of the frame
one frame before or after the frame image displayed on the
display section. It is possible to display the frame image by
switching pieces of image data in chronological order after a
lapse of a prescribed time.

[0112] In the embodiment of the present invention, the
intermediate image data is generated by the intermediate
image generation section 14a. However, it is also possible to
arrange such a configuration that the control section 18 serves
as an intermediate image generation section and the memory
section 15 is used as a work region, whereby the intermediate
image data is generated by software control. For example, this
is achieved by performing the intermediate image data pro-
cessing as shown in FIG. 11.

[0113] The control section 18 reads the frame image data of
the latest frame from the buffer of the memory section 15 that
contains the frame image data of the latest frame (Step S201).
The control section 18 then executes noise elimination pro-
cessing, and applies the aforementioned processing of hori-
zontal and vertical noise elimination to the frame image data
having been read out (Step S202). From the buffer of the
memory section 15 that contains the frame image data of the
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preceding frame, the control section 18 reads out the frame
image data of the preceding frame (Step S203). The control
section 18 then executes noise elimination processing, and
applies the aforementioned processing of horizontal and ver-
tical noise elimination to the frame image data having been
read out (Step S204).

[0114] After noise elimination, the frame image data of the
preceding frame is used as the original frame. By the afore-
mentioned procedure, this data is split by the control section
18 into a plurality of blocks wherein the size is “mxn” (Step
S205). The control section 18 determines the search range
size in the aforementioned procedure, wherein the frame
image data of the latest frame is used as a reference frame
(Step S206). Out of a plurality of split blocks, the control
section 18 selects the block for comparison in a prescribed
sequence (Step S207). The control section 18 moves the
selected block for comparison within the search range of the
frame image data of the latest frame (Step S208), and deter-
mines the difference in brightness in the aforementioned pro-
cedure (Step S209).

[0115] The control section 18 then determines for all blocks
if search has been completed or not (Step S210). When it is
determined that search has been completed (Step S210:Y), a
step is taken to determine whether or not there is any position
regarded as the minimum brightness difference (Step S211).
In the meantime, when it is determined that search has not
been completed (Step S210: N), the control section 18 goes to
the Step S208.

[0116] Ifit has been determined in Step S211 that thereisa
position regarded as the minimum brightness difference, i.e.,
a position of the greatest correlativity (Step S211:Y), the
control section 18 stores in the RAM the position of the
greatest correlativity (Step S212). In the meantime, if it has
been determined that there is no position regarded as the
minimum brightness difference, i.e., no destination of the
image has been detected (Step S211: N), the control section
18 stores in the RAM the information that no destination has
been detected (Step S213).

[0117] The control section 18 determines for all blocks if
the search has been completed or not (Step S214). When it is
determined that search has not been completed for all blocks
(Step S210: N), the control section 18 executes processing of
the Step S207. To select the next block to be searched, the
control section 18 searches for the image destination in the
aforementioned procedure.

[0118] When it is determined that search has been com-
pleted for all blocks (Step S214:Y), the control section 18
reads from the memory section 15 the frame image data of the
preceding frame and splits a plurality of image blocks into the
block size determined in Step S205. One of these blocks is
then selected (Step S215).

[0119] The control section 18 determines whether or not
there is any destination information on the image constituting
the selected image block (Step S216). If it has been deter-
mined that there is destination information (Step S216: Y),
the control section 18 works out the intermediate data gen-
eration position by interpolation calculation in the aforemen-
tioned procedure, based on the position of the source in the
frame image data of the preceding frame and the position of
the destination in the frame image data of the latest frame
(Step S217). The control section 18 generates the intermedi-
ate data in the aforementioned procedure so that the image of
the source will be arranged using the calculated intermediate
data generation position as a reference position. This inter-
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mediate data is stored in the intermediate image data buffer of
the memory section 15 (Step S218).

[0120] Ifit has been determined that there is no destination
information, i.e., if the information on undetected destination
corresponding to the selected image block is stored in the
RAM (Step S216: N), the control section 18 uses the afore-
mentioned procedure to extract the image data of the block
whose destination was not detected, from the frame image
data ofthe preceding frame. From the frame image data of the
latest frame, the control section 18 extracts the image data of
the image arranged at the same position as the image data of
the block whose destination was not detected. These pieces of
image data having been extracted are then assigned weights,
and the results are added together. The control section 18
generates averaging image data so that it is arranged at the
same position as the image data of the block whose destina-
tion was not detected. This data is stored in the intermediate
image data buffer of the memory section 15 (Step S219).
[0121] For all the blocks in the frame image data of the
preceding frame, the control section 18 determines whether
or not intermediate data and averaging image data have been
generated, and the generation of the intermediate image data
is completed (Step S220). If it has been determined that the
generation of the intermediate image data is completed, (Step
S220:Y), the control section 18 goes to Step S221. If it has
been determined that the generation of the intermediate
image data is not completed (Step S220: N), the control
section 18 goes to Step S215 and applies the aforementioned
processing to other image blocks.

[0122] The control section 18 determines whether or not
the number of the pieces of intermediate image data preset in
the aforementioned process of setting the number of the
pieces of the intermediate image data has been generated
(Step S221). If it is determined that the preset number of the
pieces of intermediate image data has been generated (Step
S221:Y), processing terminates. If it is determined that the
preset number of the pieces of intermediate image data has
not been generated (Step S221: N), the control section 18
goes to Step S215 to further generate intermediate image
data.

[0123] The same advantages as those of the embodiment of
the present invention are also provided by executing the
aforementioned processing.

[0124] Intheabove description, the entire frame image data
is split into a plurality of blocks and destination search is
conducted for each block. However, it is also possible to
arrange such a configuration that part of the region in the
frame image data is specified and destination search is con-
ducted only for the image within the specified range. Further,
based on a plurality of pieces of frame image data, a motion
test is conducted to check for the moved portion of an image.
A destination search can be conducted only on the images
whose motion has been detected.

[0125] In the above description, for the moved images, the
intermediate position of the arranged images in the aforemen-
tioned frame image data is acquired by interpolation from the
frame image data of the latest frame and the frame image data
of the frame one frame before the latest one. Intermediate
image data (interpolated image data) is generated so that the
moved images are arranged at the acquired positions, and is
interpolated between the images displayed based on these
pieces of frame image data. Then the image based on the
intermediate image data is displayed. However, it is also
possible to arrange such a configuration that the subsequent
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destination of the moving image (e.g., the image destination
0.5 frame alter the latest frame) is predicted by acquiring the
position of the moved image from such frame image data by
extrapolation, and extrapolated image data is generated to
ensure that the moved image is arranged at the position
acquired by extrapolation. Thus, the image based on extrapo-
lated image data is displayed by extrapolation after each
image based on such frame image data has been displayed. To
putitanother way, for display, an image based on the extrapo-
lated image data generated in the aforementioned procedure
can be inserted between the image displayed based on the
frame image data of the latest frame and the image displayed
based on the frame image data of the frame one frame after the
latest one.

[0126] In the present embodiment, a computer-readable
medium of the program in the present invention has been
disclosed as an example of using a hard disk or nonvolatile
memory such as a semiconductor, without the present inven-
tion being restricted thereto. Other examples of computer-
readable medium that can be employed include a portable
recording medium such as a CD-ROM. Further, a carrier
wave is an example of appropriate medium whereby the data
of the program in the present invention is provided through a
communication line.

[0127] Thus, the present embodiment provides display of
an image of smooth motion even if a frame rate drops, while
suppressing generation of a residual image.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe including a transducer which outputs
an ultrasound wave toward a subject by means of a drive
signal and outputs a reception signal by receiving an
ultrasound wave reflected from the subject;

a transmission section which supplies the transducer with
the drive signal;

a receiving section which receives the reception signal sent
from the transducer;

an image generation section which generates frame image
data obtained by converting the reception signal
received by the receiving section into brightness infor-
mation showing brightness of image;

an intermediate image generation section which detects a
moved image out of a plurality of frame image data in
different frames, generated by the image generation sec-
tion, identifies a move source and a move destination of
the detected image based on the plurality of frame image
data, and generates intermediate image data so as to
allocate the moved image at a position obtained by inter-
mediating the identified move source and the identified
move destination of the detected image; and

a display section which displays the ultrasound diagnosis
image, based on the frame image data generated by the
image generation section and the intermediate image
data generated by the intermediate image generation
section,

wherein the display section displays the ultrasound diag-
nosis image so that an intermediate image based on the
intermediate image data generated by the intermediate
image generation section is inserted in a chronological
order into an image based on the frame image data
generated by the image generation section.

2. The ultrasound diagnostic apparatus described in claim

1, wherein the intermediate image generation section gener-
ates the intermediate image data so as to allocate the moved
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image at a middle point between the move source and the
move destination of the detected image.
3. The ultrasound diagnostic apparatus described in claim
1, wherein, when the move source or the move destination of
the moved image cannot be identified, the intermediate image
generation section generates the intermediate image data
such that, in the plurality of frame image data, image data of
a moved image portion in the frame image data of the moved
image whose position has been identified and image data of
an image portion at the same position as the moved image in
frame image data of the moved image whose position is not
identified are smoothed and the smoothed image is allocated
in the same position as the moved image.
4. The ultrasound diagnostic apparatus described in claim
1, wherein, when the move source or the move destination of
the moved image cannot be identified, the intermediate image
generation section generates the intermediate image data so
that, in the plurality of frame image data, the moved image in
frame image data of which position of the moved image has
been identified or image at the same position as the moved
image in frame image data of which position of the moved
image is not identified, is allocated in the same position as the
moved image.
5. The ultrasound diagnostic apparatus described in claim
1, further comprising a control section setting a number of
intermediate images to be displayed between frames in con-
formity to a frame rate determined by a preset ultrasound
wave transmission/reception condition,
wherein the intermediate image generation section gener-
ates the intermediate image data to be inserted into
image based on the frame image data generated by the
image generation section and displayed, by the number
of intermediate images set by the control section.
6. The ultrasound diagnostic apparatus described in claim
1, further comprising: an operation input section capable of
accepting an operation by a user; and a control section setting
a number of intermediate image to be displayed between
frames in conformity to the operation to the operation input
section,
wherein the intermediate image generation section gener-
ates the intermediate image data to be inserted into
image based on the frame image data generated by the
image generation section and displayed, by the number
of intermediate image set by the control section.
7. The ultrasound diagnostic apparatus described in claim
1, wherein the display section uses a liquid crystal display
panel or organic EL display panel to display the ultrasound
diagnosis image.
8. The ultrasound diagnostic apparatus described in claim
1, further comprising a freeze control section which, when
receiving a freeze operation, performs a freeze control to
maintain the ultrasound diagnosis image in a state of being
displayed on the display section, in conformity to the timing
when receiving the freeze operation,
wherein, in conformity to the timing when receiving the
freeze operation, the freeze control section does not
display the intermediate image based on the intermedi-
ate image data on the display section but displays only
the image based on the frame image data, on the display
section.
9. The ultrasound diagnostic apparatus described in claim
1, further comprising a freeze control section which, when
receiving a freeze operation, performs a freeze control to
maintain the ultrasound diagnosis image in a state of being
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displayed on the display section in conformity to the timing
when receiving the freeze operation,

wherein, in a case when the ultrasound diagnosis image in

conformity to the timing when receiving the freeze
operation is the intermediate image based on the inter-
mediate image data generated by the intermediate image
generation section, the freeze control section displays
the image based on the frame image data, on the display
section.

10. The ultrasound diagnostic apparatus described in claim
9, wherein, in a case when the ultrasound diagnosis image in
conformity to the timing when receiving the freeze operation
is the intermediate image based on the intermediate image
data generated by the intermediate image generation section,
the control section displays the frame image immediately
before or after the intermediate image in chronological order,
on the display section.

11. The ultrasound diagnostic apparatus described in claim
1, further comprising a display control section which pro-
vides a frame by frame advance display of the ultrasound
diagnosis image in chronological order on the display section
by switching in image data units, when receiving a frame by
frame advance operation,

wherein the display control section provides the frame by

frame advance display only of the frame image based on
the frame image data generated by the image generation
section on the display section.

12. A computer-readable recording medium storing a pro-
gram to be executed by a computer provided in an ultrasound
diagnosis apparatus comprising an ultrasound probe includ-
ing a transducer which outputs ultrasound waves toward a
subject by means of a drive signal and outputs a reception
signal by receiving ultrasound waves reflected from the sub-
ject, wherein the program makes the computer function as:

a transmission section which supplies the transducer with a

drive signal;

a receiving section which receives the reception signal

output from the transducer;

an image generation section which generates frame image

data obtained by converting the reception signal
received by the receiving section, into brightness infor-
mation showing a brightness of the image;

an intermediate image generation section which detects

moved image out of a plurality of frame image data in
different frames, generated by the image generation sec-
tion and, based on the plurality of frame image data,
identifies a move source and a move destination of the
detected image, and generates intermediate image data
which allocates the moved image at a position obtained
by interpolating the move source and the move destina-
tion of the detected image; and

a display section which displays the ultrasound diagnosis

image, based on the frame image data generated by the
image generation section and the intermediate image
data generated by the intermediate image generation
section,

wherein the ultrasound diagnosis image is displayed on the

display section so that intermediate image based on the
intermediate image data generated by the intermediate
image generation section is inserted in a chronological
order into image based on the frame image data gener-
ated by the image generation section.
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