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FIG.7

( IMAGE DATA SYNTHESIS PROCESSING)

.

/_/ \\ _S301
IS SUBJECT OF <

PIXEL-OF-INTEREST DATA™
PIXEL DATA OF LATEST
FRAME?

$302

USE PIXEL DATA OF
SECOND LATEST FRAME

DETECT BRIGHTNESS
DIFFERENCE BETWEEN $303
PIXEL DATA OF LATEST |-~

FRAME AND PIXEL DATA OF

THIRD LATEST FRAME

8304
NO

STATIC?
S306

$305

\ 4 -

ST DEFINE (UPPER DATA +
USE PIXEL DATA OF LATEST ; ]
S108 FRAME LOWER DATA) /2 AS

INTERPOLATED DATA
SHIFT PIXEL OF

INTEREST

A 4
&

- 8307

{5 SYNTHESIS
FOR ALL PIXELS
COMPLETED?




US 2013/0102904 A1

Apr. 25,2013 Sheet 8 of 27

Patent Application Publication

y ()ago-N , (1AA0N
(DNIAT1X) —— (N3N :
— (Baao-1-y) (@ (Daao-1-v
:zms P : :éﬁ: . ;
g g
:zn:m: 00001 :zii T
(PINIAT-® (DNIAT® baao-
(©laao-+ (Daao-
A
lu
- - e ” i}
(NIATIY) NAT-(-N) A0ON =1
Qao-(-N) o=
: s i . l.._._l i T m
. : . q . ] » B M
NIAT 0P szt € NIAT 5 (U =
NI L TR e L ey
NIAT L e L B T I GV S
N ot po—= ) N R
pas 1] il
8 D1A wur g SINRELINS MVT g TV T




US 2013/0102904 A1

Apr. 25,2013 Sheet 9 of 27

Patent Application Publication

({EHdo-N

WINIATAIN)

(£)aao-0-N)

PNAATD

£dao-p

PINIAT

£)aao-

(PNIATG

(£)aao4

(PNTAT®

(t)aao-e

{EdAo-N
INAT-UN)

EEE {IN)

it é;m-n

(€)aaop

(UNAATD

(£)ddo-

(INTATY

(£)dao-4

(UNJAT®

{faao-e

(1AaoN

(ONTATUN)
I

()aqo-IrN)

INIANTD

aao-p

(ONIATD

(Daao

(UNIAT

(aao-4

([UNAAT®

(Daao-®

f

2

.t

A/MN

: : ©aaoN : (Daao-N
(PINTAT-(N) , (ONTAZ-(IN) —
. ] ©aao-N——— (Naao-0-N)
.\, . - & & : =
(FINIAZ (©aao- (ONAAT (Naao-
(PINTAT-4 (£)aao- (ONTAT4 (Naao-
(pINIAT-® (£)aqo- (ONIAT® (Daao-e
60I4  d 4




US 2013/0102904 A1

Apr. 25,2013 Sheet 10 of 27

Patent Application Publication

=

01'OIA

Rk L oecoind: pt

) LD D D o, e T R 6, R R

e Aamb e hat e LN
o e e e e e o
e GO

8y
o]

Aanlan Laghe o T RN =] pulle sl ¥
— e
- @SN L e
o
|

AR

: Lamlas Laah ol F o RN =] it~ ol




US 2013/0102904 A1

Apr. 25,2013 Sheet 11 of 27

Patent Application Publication

[I'DIA

X o b o
Ry —ermreercaszmmming




Patent Application Publication  Apr. 25, 2013 Sheet 12 of 27 US 2013/0102904 A1

FIG.12

S

R = L | e

P Ty
Ly (od o

1
2
3
]
J
b
7
;
9
0
I
2
3
4
5
6

o, . o, .o, oz, e




Patent Application Publication  Apr. 25,2013 Sheet 13 of 27 US 2013/0102904 A1

FIG.I3

0bD3

NO MOVE

NOMOVE

MOVE

MOVE

MOVE

MOVE

NOMOVE

NOMOVE




Patent Application Publication  Apr. 25, 2013 Sheet 14 of 27 US 2013/0102904 A1

FIG.14

NO MOVE

NO MOVE

NO MOVE

NO MOVE

NO MOVE

NO MOVE

NOMOVE

NO MOVE




US 2013/0102904 A1

Apr. 25,2013 Sheet 15 of 27

Patent Application Publication

FIG.15

ODD1 EVEN2 ODD3

TIME




Patent Application Publication  Apr. 25,2013 Sheet 16 of 27 US 2013/0102904 A1

FIG.16




Patent Application Publication  Apr. 25, 2013 Sheet 17 of 27 US 2013/0102904 A1

(C_IMAGE DATA SYNTHESIS PROCESSING ) FIG.17
Yy

8401

1S SUBJECT

N0 OF PIXEL-OF-INTEREST DATA
3402 ¢ PIXEL DATA OF LATEST
USE PINEL FRAME?
DATA OF SECOND s
LATEST FRAME E

DETECT BRIGHTNESS DIFFERENCE BETWEEN | §403
UPPER AND LOWER PIXEL DATA OF PIXEL OF |
INTEREST IN SECOND LATEST FRAME

S S404

CORRELATION ™~
BETWEEN UPPER AND
LOWER PIXEL DATA

NO

DEFINE (UPPER DATA + LOWER
DATA) /2 AS INTERPOLATED DATA S406

DETECT BRIGHTNESS
DIFFERENCE BETWEEN PIXEL
DATA OF LATEST FRAME AND
PIXEL DATA OF THIRD LATEST

FRAME

m -5407 Ng

S§411

SHIFT PIXEL DEFINE (UPPER DATA +
OF INTEREST LOWER DATA) AS
! INTERPOLATED DATA

NO




Patent Application Publication  Apr. 25,2013 Sheet 18 of 27 US 2013/0102904 A1

FIG.18

ODD1 EVEN2 ODD3

ey

NO MOVE

VERTICAL
CORRELATION IS LOW
MOVE

VERTICAL
CORRELATIONIS LOW
MOVE




Patent Application Publication  Apr. 25, 2013 Sheet 19 of 27 US 2013/0102904 A1

FIG.19

ODD1 EVEN2 ODD3
) e ST
NO MOVE § v

¥
3
£
¢
¥
i
i
U
1
§

VERTICAL!

CORRELATION IS LOW' Q ..... ,Q
NO MOVE !

i
O
i
]
i
t
i
i
i
i,
i
Ii
v
o
i
oo
v
0o
v
§
H
i
i
1

VERTICAL§ ---------------------------- i
CORRELATION IS LOW:! :
NO MOVE! E

Data A

Data B




Patent Application Publication  Apr. 25, 2013 Sheet 20 of 27 US 2013/0102904 A1

FIG.20

A USE Data 1 FOR Data A

VERTICAL Data A
CORRELATIONISLOW (1
NO MOVE

VERTICAL Data A

CORRELATION IS LOW
NOMOVE

C USE AVERAGE OF Data 0, 1 FOR Data A Data A
cin DataA=Data0x0.5+ Datalx0.5

VERTICAL CORRELATION IS LOW
NOMOVE




US 2013/0102904 A1

Apr. 25,2013 Sheet 21 of 27

Patent Application Publication

FIG.21

ODD1 EVEN2 ODD3

TIME




Patent Application Publication  Apr. 25, 2013 Sheet 22 of 27 US 2013/0102904 A1

(IVAGE DATA SYNTHESIS PROCESSING ) FIG.22

v

.
1S SUBJECT 5401
$402  NO_—GF pIXEL-OFINTEREST DATR
N PIXEL DATA OF LATEST
USE PIXEL FRAME?
DATA OF SECOND
LATEST FRAME 403

DETECT BRIGHTNESS DIFFERENCE BETWEEY
UPPER AND LOWER PIXEL DATA OF PIXEL OF
INTEREST IN SECOND LATEST FRAME

CORRELATION NO
BETWEEN UPPER AND Bl
~LOWER PIXEL DATA

DEFINE UPPER DATA AS
INTERPOLATED DATA

! 8406

DETECT BRIGHTNESS
DIFFERENCE BETWEEN PIXEL
DATA OF LATEST FRAME AND
PIXEL DATA OF THIRD LATEST

FRAME

S411 ‘ USE PIXEL DATA OF LATEST
SHIFT FRAME 409
PIXEL OF DEFINE UPPER DATA AS
INTEREST INTERPOLATED DATA
Pl Y i
NO 8410




Patent Application Publication  Apr. 25, 2013 Sheet 23 of 27 US 2013/0102904 A1




Patent Application Publication  Apr. 25, 2013 Sheet 24 of 27 US 2013/0102904 A1

QMAGE DATA SYNTHESIS PR(JCESSIN(}) FIG.24
|

/)[S\<S401
NO SUBJECT OF PIXEL-OF ™~
§402 ———<|NTEREST DATA PIXEL DATA OF_>
NI LATEST FRAME?
OSE PINEL
DATA QF SECOND T YES
LATEST FRAME DETECT BRIGHTNESS
DIFFERENCE BETWEEN UPPER | ¢/ o
AND LOWER PIXEL DATA OF |-
PIXEL OF INTEREST IN
SECOND LATEST FRAME
BETWEEN UPPER
~LOWE
§405h
DEFINE LOWER DATX A9
INTERPOLATED DATA ! 8406
DETECT BRIGHTNESS DIFFERENCE
BETWEEN PIXEL DATA OF LATEST
FRAME AND PIXEL DATA OF THIRD
LATEST FRAME
_S407
STATIC)
YES 5408
§411 [USEPIXELDATA OF LATESTFRAME | | 54098
SHIFT DEFINE LOWER DATA
PIXEL OF AS INTERPOLATED
INTEREST DATA
L st Y '
: ,




Patent Application Publication  Apr. 25, 2013 Sheet 25 of 27 US 2013/0102904 A1




Patent Application Publication  Apr. 25, 2013 Sheet 26 of 27 US 2013/0102904 A1

FIG.26

;I 002a
—5— | I
’ T
-Y_ |
a/
3 q
b
4
¢
5
d

(q=p)




Patent Application Publication  Apr. 25, 2013 Sheet 27 of 27 US 2013/0102904 A1

FIG.27

q;\1::\-\;.\:\\\\ T
P e /
-y 2 P >\ ':‘:“:t?:f’ a-()DD

]

!///
/i
|
/
|
|
N
|

\%\‘7\.;:(“;‘”’ - I a-EVEN
b-ODD




US 2013/0102904 Al

ULTRASONIC DIAGNOSTIC DEVICE AND
PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nostic device and a program.

BACKGROUND ART

[0002] Heretofore, there has been known an ultrasound
diagnostic device, which has an oscillating probe (probe)
including a large number of transducers by arraying the same
one-dimensionally or two-dimensionally, selects a plurality
of the transducers consecutively arranged among the large
number of transducers, performs transmission/reception for
an ultrasound wave, which is generated by beam forming, for
atestsubject such as aliving body by the selected transducers,
performs scanning (linear scanning) for a predetermined
range thereof by repeating the transmission/reception of the
ultrasound wave while shifting the transducers to be selected,
and creates an ultrasound image, which is in accordance with
the B mode and for each frame, based on data obtained as a
result of this scanning.

[0003] Here, as shown in FIG. 26, a minimum value of an
interval q between targets (focus points) T to be specified by
ultrasound beams created by the beam forming is equal to an
arrangement interval p between transducers 1002a. That is to
say, the minimum value (azimuth resolution) of the recogniz-
able interval q between the targets T depends on the arrange-
ment interval p between the transducers 1002a. Therefore, in
the ultrasound diagnostic device as mentioned above, the
arrangement interval between the transducers just needs to be
reduced in order to enhance the azimuth resolution; however,
there are physical limitations thereon.

[0004] Accordingly, in the conventional ultrasound diag-
nostic device, there is one configured as follows. After the
transmission/reception for the ultrasound wave is performed
a predetermined number of times while shifting the transduc-
ers to be selected, a transducer array itself is moved by a
predetermined distance in an array direction, the transmis-
sion/reception for the ultrasound wave is performed a prede-
termined number of times in a similar way, and such a trans-
mission/reception operation is executed a plurality of times in
one frame, then received signals obtained as a result are
synthesized with one another, and image data for one frame is
created (for example, Patent Literature 1).

[0005] Moreover, as shown in FIG. 27, it is also known to
change the number of transducers 1002a, which are to be
selected for each transmission/reception of the ultrasound
wave, alternately to odd numbers/even numbers, and the
scanning is performed while shifting the targets T (for
example, Non-Patent Literature 1).

PRIOR ART LITERATURES

Patent Literatures

[0006] Patent Literature 1: Japanese Patent Laid-Open
Publication No. 2010-29374

[0007] Non-Patent Literature 1: “Handbook of Ultrasonic
Diagnostic Equipments (original is in Japanese)”, edited
by Japan Electronics and Information Technology Indus-
tries Association, p. 94, Corona Publishing Co., Ltd.
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0008] However, though in the ultrasound diagnostic
device described in the foregoing patent literature, the azi-
muth resolution can be enhanced since the interval between
the targets can be reduced while the arrangement interval
between the transducers is being left as it is, a frame rate is
lowered since the number of transmission/reception times of
the ultrasound wave in one frame is increased, and an accurate
diagnosis is inhibited from being performed. Moreover, com-
plicated mechanism and device for moving the transducer
array are required, and cost is increased.

[0009] Moreover, also in the technology shown in FIG. 27,
though the azimuth resolution can be enhanced since the
interval q between the targets T becomes a half of the arrange-
ment interval p between the transducers 1002a, the frame rate
is still lowered since the number of transmission/reception
times of the ultrasound wave in one frame is increased.
[0010] TItis an object of the present invention to provide an
ultrasound diagnostic device and a program, which are
capable of enhancing the azimuth resolution while suppress-
ing the frame rate from being lowered.

Means for Solving the Problems

[0011] In order to achieve the foregoing object, an inven-
tion according to claim 1 is an ultrasound diagnostic device
comprising:

[0012] an ultrasound probe which includes n (n>1) pieces
of transducers being arranged in parallel, the transducers
outputting transmitted ultrasound waves toward a test body
by a drive signal, and outputting received signals by receiving
reflected ultrasound waves from the test body;

[0013] a transmitter unit which supplies the drive signal to
selected transducers among the n pieces thereof;

[0014] areceiver unit which receives received signals to be
outputted from the selected transducers;

[0015] a control unit which sequentially selects the trans-
ducers, the transducers being to be supplied with the drive
signal, while shifting the transducers by a predetermined
number in an array direction every time when each of the
transmitted ultrasound waves is outputted; and

[0016] animage processing unit which creates image data
of an inside of the test body for each frame based on the
received signals sequentially received by the receiver unit,
[0017] wherein, while making switch for each frame, the
control unit executes selection of m (m<n) pieces of the
transducers arranged consecutively and selection of m+1
pieces of the transducers arranged consecutively, and every
time when the image data of each frame is created, at least
creates synthetic image data obtained by synthesizing image
data of two consecutive frames with each other.

[0018] The invention according to claim 2 is the ultrasound
diagnostic device according to claim 1, further comprising:
[0019] a storage unit which at least stores image data of a
range from a latest frame among the two consecutive frames
to a third latest frame,

[0020] wherein the control unit creates pixel data of a pixel
in the synthetic image data, the pixel data corresponding to a
changed portion of a pixel between image data of the latest
frame and image data of the third latest frame, based on pixel
data in image data of a second latest frame, the pixel data
corresponding to a pixel adjacent to the pixel.
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[0021] The invention according to claim 3 is the ultrasound
diagnostic device according to claim 2, wherein the control
unit sets the pixel data of the pixel in the synthetic image data,
the pixel data corresponding to the changed portion of the
pixel, to one obtained by interpolation from the pixel data in
the image data of the second latest frame, the pixel data
individually corresponding to pixels adjacent to both sides of
the pixel in an azimuth direction.

[0022] The invention according to claim 4 is the ultrasound
diagnostic device according to claim 2, wherein the control
unit sets the pixel data of the pixel in the synthetic image data,
the pixel data corresponding to the changed portion of the
pixel, to the same one as the pixel data in the image data of the
second latest frame, the pixel data corresponding to a pixel
adjacent to either side of the pixel in an azimuth direction.
[0023] The invention according to claim 5 is the ultrasound
diagnostic device according to any one of claims 2 to 4,
wherein the control unit sets pixel data of a pixel in the
synthetic image data, the pixel data corresponding to a por-
tion where there is no change of a pixel between the image
data of the latest frame and the image data of the third frame,
to pixel data of a pixel in the image data of the latest frame, the
pixel data corresponding to the pixel.

[0024] The invention according to claim 6 is the ultrasound
diagnostic device according to any one of claims 2 to 4,
wherein the control unit determines whether or not two pixels
adjacent to each other in the azimuth direction in the image
data of the second latest frame, the two pixels serving as
determination subject pixels, satisfy a predetermined corre-
lation condition, and when the correlation condition is satis-
fied as a result of the determination, sets pixel data of a pixel
to be arranged between two pixels in the synthetic image, the
pixels corresponding to the determination subject pixels, to
one created based on pixel data related to the determination
subject pixels.

[0025] The invention according to claim 7 is the ultrasound
diagnostic device according to claim 6, wherein the control
unit determines, as the correlation condition, whether or not a
brightness difference between the determination subject pix-
els is a predetermined threshold value or less.

[0026] The invention according to claim 8 is a program for
allowing a computer, the computer being provided in an ultra-
sound diagnostic device including an ultrasound probe which
includes n (n>1) pieces of transducers being arranged in
parallel, the transducers outputting transmitted ultrasound
waves toward a test body by a drive signal, and outputting
received signals by receiving reflected ultrasound waves from
the test body, to realize: a transmission function to supply the
drive signal to selected transducers among the n pieces
thereof;

[0027] areception function to receive received signals to be
outputted from the selected transducers;

[0028] a control function to sequentially select the trans-
ducers, the transducers being to be supplied with the drive
signal, while shifting the transducers by a predetermined
number in an array direction every time when each of the
transmitted ultrasound waves is outputted, and, while making
switch for each frame, to execute selection of m (m<n) pieces
of the transducers arranged consecutively and selection of
m+1 pieces of the transducers arranged consecutively; and
[0029] animage processing function to create image data of
an inside of the test body for each frame based on the received
signals sequentially received by the receiver unit, and, every
time when the image data of each frame is created, to at least

Apr. 25,2013

create synthetic image data obtained by synthesizing image
data of two consecutive frames with each other.

Effects of the Invention

[0030] In accordance with the present invention, the azi-
muth resolution can be enhanced while suppressing the frame
rate from being lowered.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a view showing an exterior appearance
configuration of an ultrasound diagnostic device in an
embodiment of the present invention.

[0032] FIG. 2 is a block diagram showing a schematic
configuration of the ultrasound diagnostic device.

[0033] FIG. 3 is a view explaining an arrangement configu-
ration of transducers provided in an ultrasound probe.
[0034] FIG. 4 is a functional block diagram for explaining
a creation procedure of image data according to the embodi-
ment of the present invention.

[0035] FIG. 5 is a flowchart explaining pulse transmission
processing.

[0036] FIG. 6 is a flowchart explaining pulse reception
processing.

[0037] FIG. 7 is a flowchart explaining image data synthe-
sis processing in a first embodiment.

[0038] FIG. 8 is a view explaining scanning operations.
[0039] FIG. 9 is a view explaining creation of a synthetic
image.

[0040] FIG. 10 is a view explaining the synthetic image.
[0041] FIG. 11 is a view explaining the synthetic image.
[0042] FIG. 12 is a view explaining a relationship between

movement of an object and the image data to be created.
[0043] FIG. 13 is a view explaining a creation procedure of
the synthetic image.

[0044] FIG. 14 is a view explaining a creation procedure of
the synthetic image.

[0045] FIG. 15 is a view explaining a creation procedure of
the synthetic image.

[0046] FIG. 16 is a view explaining the synthetic image.
[0047] FIG. 17 is a flowchart explaining image data syn-
thesis processing in a second embodiment.

[0048] FIG. 18 is a view explaining a creation procedure of
a synthetic image.

[0049] FIG. 19 is a view explaining a creation procedure of
the synthetic image.

[0050] FIG. 20 is a view explaining creation of pixels in the
synthetic image.

[0051] FIG. 21 is a view explaining a creation procedure of
the synthetic image.

[0052] FIG. 22 is a flowchart explaining image data syn-
thesis processing in a third embodiment.

[0053] FIG. 23 is a view explaining a synthetic image.
[0054] FIG. 24 is a flowchart explaining image data syn-
thesis processing in a fourth embodiment.

[0055] FIG. 25 is a view explaining a synthetic image.
[0056] FIG. 26 is a view explaining operations of a conven-
tional ultrasound diagnostic device.

[0057] FIG. 27 is a view explaining operations of a conven-
tional ultrasound diagnostic device.

MODE FOR CARRYING OUT THE INVENTION

[0058] A description is made below of ultrasound diagnos-
tic devices according to embodiments of the present invention
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with reference to the drawings. However, the scope of the
invention is not limited to illustrated examples. Note that, in
the following description, the same reference numerals are
assigned to those having the same functions and configura-
tions, and a description thereof is omitted.

First Embodiment

[0059] As shown in FIG. 1 and FIG. 2, an ultrasound diag-
nostic device S according to a first embodiment of the present
invention is composed by including: an ultrasound probe 2,
which transmits an ultrasound wave (transmitted ultrasound
wave) to a test subject (not shown) such as a living body, and
in addition, receives an ultrasound reflected wave (reflected
ultrasound wave: echo) reflected on this test subject; and an
ultrasound diagnostic device body 1, which is connected to
the ultrasound probe 2 through a cable 3, allows the ultra-
sound probe 2 to transmit the transmitted ultrasound wave to
the test subject by transmitting a drive signal as an electric
signal to the ultrasound probe 2, and in addition, images an
internal state of the test subject as an ultrasound image based
on a received signal as an electric signal created by the ultra-
sound probe 2 in response to the reflected ultrasound wave
from an inside of the test subject, which is received in the
ultrasound probe 2.

[0060] The ultrasound probe 2 includes transducers 2a
composed of piezoelectric elements, and as shown in FIG. 3,
a plurality of the transducers 2a are arrayed in a one-dimen-
sional array form in an azimuth direction (scanning direction
or vertical direction). In this embodiment, the ultrasound
probe 2, which includes n pieces (for example, 128 pieces) of
the transducers 2a, is used. Note that the transducers 2a may
be those arrayed in a two-dimensional array form. Moreover,
the number of transducers 2a may be set arbitrarily as long as
the number is plural. Moreover, in this embodiment, with
regard to the ultrasound probe 2, one that conducts a linear
scanning mode is applied; however, those which conduct a
sector scanning mode and a convex scanning mode may be
applied.

[0061] For example, as shown in FIG. 2, the ultrasound
diagnostic device 1 is composed by including: an operation
input unit 11; a transmitter unit 12; a receiver unit 13; an
image creation unit 14; a memory unit 15; a DSC (Digital
Scan Converter) 16; a display unit 17; and a control unit 18.
[0062] For example, the operation input unit 11 includes a
variety of switches, buttons, a track ball, a mouse, a keyboard
and the like, which are for performing input of a command to
instruct a start of a diagnosis and of data such as personal
information of the test subject, and the like, and outputs an
operation signal to the control unit 18.

[0063] The transmitter unit 12 is a circuit, which, in accor-
dance with control of the control unit 18, supplies the drive
signal as the electric signal to the ultrasound probe 2 through
the cable 3, and allows the ultrasound probe 2 to generate the
ultrasound wave. Moreover, for example, the transmitter unit
12 includes a clock generation circuit, a delay circuit, and a
pulse generation circuit. The clock generation circuit is a
circuit, which generates a clock signal that decides transmis-
sion timing and transmission frequency of the drive signal.
The delay circuit is a circuit for setting a delay time for each
individual route corresponding to each of the transducers 2a
with regard to the transmission timing of the drive signal,
delaying the transmission of the drive signal by the set delay
time, and focusing transmitted beams composed of such
transmitted ultrasound waves thus delayed. The pulse genera-
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tion circuit is a circuit for generating a pulse signal as the drive
signal in a predetermined cycle.

[0064] The receiver unit 13 is a circuit, which receives the
received signal as the electric signal from the ultrasound
probe 2 through the cable 3 in accordance with control of the
control unit 18. For example, the receiver unit 13 includes an
amplifier, an A/D converter circuit, and a phasing/adding
circuit. The amplifier is a circuit for amplifying the received
signal by a predetermined amplification factor, which is set in
advance, for each individual route corresponding to each of
the transducers 2a. The A/D converter circuit is a circuit for
performing A/D conversion for the received signal thus
amplified. The phasing/adding circuit is a circuit for giving a
delay time to the received signal, which is subjected to the
A/D conversion, for each individual route corresponding to
each of the transducers 2a to phase a time phase thereof,
adding (phasing/adding) such received signals to one another
to create sound ray data.

[0065] The image creation unit 14 implements logarithmic
amplification, envelope detection processing and the like for
the sound ray data coming from the receiver unit 13, and
creates B-mode image data. The B-mode image data created
in such a manner is transmitted to the memory unit 15.
[0066] For example, the memory unit 15 is composed of a
semiconductor memory such as a DRAM (Dynamic Random
Access Memory), and stores the B-mode image frame, which
is transmitted from the image creation unit 14, in a unit of
frame. That is to say, the memory unit 15 can store the
B-mode image frame as frame image data. As will be
described later, the memory unit 15 includes frame buffers for
an amount of two frames correspondingly to each of frames
for which odd-number scanning is executed and of frames for
which even-number scanning is executed, and can store the
frame image data in the frame buffers. The frame image data
stored in the memory unit 15 is made capable of being read
out by the control unit 18. Moreover, as will be described
later, the memory unit 15 is used as a work area in the event of
creating synthetic image data by the control unit 18. Then, the
created synthetic image data is transmitted to the DSC 16 in
accordance with control of the control unit 18.

[0067] The DSC 16 converts the synthetic image data,
which is created by the control unit 18, into an image signal in
accordance with a scanning mode of a television signal, and
outputs the image signal to the display unit 17.

[0068] The display unit 17 is a display device such as an
LCD (Liquid Crystal Display), a CRT (Cathode-Ray Tube)
display, an organic EL (Electronic Luminescence) display,
and a plasma display. The display unit 17 performs display of
an image on a display screen in accordance with the image
signal outputted from the DSC 16. Note that a printing device
such as a printer may be applied in place of the display device.
[0069] For example, the control unit 18 is composed by
including a CPU (Central Processing Unit), a ROM (Read
Only Memory), and a RAM (Random Access Memory),
reads out a variety of processing programs such as a system
program stored in the ROM, expands the processing pro-
grams in the RAM, and controls operations of the respective
units of the ultrasound diagnostic device S in accordance with
the expanded programs.

[0070] The ROM is composed of a nonvolatile memory
such as a semiconductor, and the like, and stores the system
program corresponding to the ultrasound diagnostic device S,
the various programs of processing such as pulse transmis-
sion processing, pulse reception processing, and image data
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synthesis processing, which are executable on the system
program concerned and will be described later, a variety of
data, and the like. These programs are stored in a form of a
program code readable by a computer, and the CPU sequen-
tially executes operations which conform to the program code
concerned. The RAM forms a work area that temporarily
stores the variety of programs to be executed by the CPU and
data related to these programs.

[0071] Next, while referring to FIG. 4, a description is
made of functions in the respective units for creating the
synthetic image data based on the received signal coming
from the ultrasound probe 2 by the ultrasound diagnostic
device S configured as described above.

[0072] As shown in FIG. 4, the receiver unit 13 includes a
switch 134, an odd number scanning unit 135, and an even
number scanning unit 13¢.

[0073] The switch 13a is one that switches a route of the
received signal by control of the control unit 18. When the
receiver unit 13 receives the received signal from the ultra-
sound probe 2, the switch 13a is switched for either of an odd
number frame or an even number frame, which will be
described later, depending on whether the received signal
belongs to the odd number frame or the even number frame,
the received signal is sent to the odd number scanning unit
135 or the even number scanning unit 13¢, the creation of the
sound ray data is performed, and the created sound ray data is
outputted to the image creation unit 14. As will be described
later, the odd number frames and the even number frames are
alternately executed for each of the frames, and accordingly,
the switch 13a switches alternately for each of the frames.
The image creation unit 14 includes an odd-numbered scan
B-mode image creation unit 14a and an even-numbered scan
B-mode image creation unit 145, and in each thereof, pro-
cesses the sound ray data outputted from the receiver unit 13,
and creates the B-mode image data. That is to say, based on
the sound ray data outputted from the odd number scanning
unit 135, the odd-numbered scan B-mode image creation unit
14a creates the B-mode image data, and based on the sound
ray data outputted from the even number scanning unit 13¢,
the even numbered scan B-mode image creation unit 1454
creates the B-mode image data. Then, the B-mode image data
created in the odd-numbered scan B-mode image creation
unit 14a and the even-numbered scan B-mode image creation
unit 145 are outputted to the memory unit 15.

[0074] The memory unit 15 includes an odd-numbered
scan B-mode image data memory unit 154 and an even-
numbered scan B-mode image data memory unit 155, and in
each thereof, stores the B-mode image data outputted from
the image creation unit 14. That is to say, the odd-numbered
scan B-mode image data memory unit 15a stores the B-mode
image data created in the odd-numbered scan B-mode image
creation unit 14a, and the even-numbered scan B-mode
image data memory unit 155 stores the B-mode image data
created in the even-numbered scan B-mode image creation
unit 145.

[0075] The odd-numbered scan B-mode image data
memory unit 154 can at least store frame image data of an
amount of two frames, and frame image data created in a
latest odd number frame and frame image data created in a
second latest odd number frame are stored therein. Note that,
for the purpose of enhancing accuracy of motion determina-
tion by the frame difference motion detection unit 18¢ to be
described later, frame image data created in third latest odd
number frame or more can be further stored therein.
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[0076] Moreover, the even-numbered scan B-mode image
data memory unit 155 can at least store frame image data ofan
amount of two frames, and frame image data created in a
latest even number frame and frame image data created in a
second latest even number frame are stored therein. Note that,
for the purpose of enhancing the accuracy of the motion
determination by the frame difference motion detection unit
18¢ to be described later, frame image data created in third
latest even number frame or more can be further stored
therein.

[0077] The control unit 18 includes an odd-numbered scan
vertical data correlation detection unit 18a, an even-num-
bered scan vertical data correlation detection unit 1854, a
frame difference motion detection unit 18¢, an interpolated
data method selection unit 184, an interpolated data selection
unit 18e, and an image data synthesis unit 18f. Configurations
of these respective units are those to be realized by execution
of software programs by the control unit 18. Note that itis also
possible to realize the configurations of these respective units
by hardware.

[0078] Inthe case where the latest frame is an even number
frame, the odd-numbered scan vertical data correlation detec-
tion unit 18a reads out frame image data, which is created in
an odd number frame immediately before the latest even
number frame, from the odd-numbered scan B-mode image
data memory unit 15a, extracts two pixels (determination
subject pixels) adjacent to each other in the scanning direc-
tion, and determines a correlation therebetween. Specifically,
the odd-numbered scan vertical data correlation detection
unit 18a performs determination as to whether or not the
correlation is strong based on whether or not a brightness
difference between the extracted two pixels is less than a
predetermined threshold value. For example, in the case
where brightness is represented by 256 steps, this threshold
value is set at “20”; however, it is possible to set the threshold
value at any value as long as the threshold value is within a
range where it can be determined that the correlation is
strong. Then, the odd-numbered scan vertical data correlation
detection unit 18a sends a determination result of the corre-
lation to the interpolated data method selection unit 184. This
determination of the correlation is performed for all pixels in
the frame image data created in the odd number frame imme-
diately before the latest even number frame.

[0079] Inthe case where the latest frame is an odd number
frame, the even-numbered scan vertical data correlation
detection unit 185 reads out frame image data, which is cre-
ated in an even number frame immediately before the latest
odd number frame, from the even-numbered scan B-mode
image data memory unit 155, extracts two pixels (determina-
tion subject pixels) adjacent to each other in the scanning
direction, and determines a correlation therebetween. A spe-
cific determination method is similar to that of the odd-num-
bered scan vertical data correlation detection unit 18a, and
accordingly, a description thereof is omitted. Then, the even-
numbered scan vertical data correlation detection unit 185
sends a determination result of the correlation to the interpo-
lated data method selection unit 184. This determination of
the correlation is performed for all pixels in the frame image
data created in the even number frame immediately before the
latest odd number frame. The frame difference motion detec-
tion unit 18¢ reads out the frame image data ofthe latest frame
and the frame image data of the third latest frame, extracts
pixels on the same coordinate, compares brightnesses thereof
with each other, and performs the motion determination. Spe-
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cifically, for example, in the case where the latest frame is an
odd number frame, the frame image data created in the latest
odd number frame and the frame image data created in the
second latest odd number frame (that is, the third latest frame)
are read out from the odd-numbered scan B-mode image data
memory unit 15a, and pixels on the same coordinate are
extracted. Then, it is determined whether or not a brightness
difference between these pixels is less than a predetermined
threshold value, whereby determination as to whether or not
the pixel concerned has moved. For example, this threshold
value is set at “15”; however, it is possible to set the threshold
value at any value as long as the threshold value is within a
range where it can be determined that the pixel has moved.
Then, the frame difference motion detection unit 18¢ sends a
result of the motion determination to the interpolated data
method selection unit 184. This motion determination is per-
formed for all pixels in the read out frame image data.
[0080] In this embodiment, the motion determination is
performed in such a manner as described above; however, for
the purpose of enhancing the accuracy of the motion deter-
mination, there may be adopted such a configuration that both
of the brightness difference of the pixels between the latest
frame and the third latest frame and of a brightness difference
of pixels between the third latest frame and the fifth latest
frame are determined, and that the motion determination is
performed based on results of this determination. Moreover,
there may be adopted such a configuration that a brightness
difference of pixels between frames before the fifth latest
frame is further determined, and that a result of this determi-
nation is used for the motion determination.

[0081] The interpolated data method selection unit 184
receives the individual determination results from the odd-
numbered scan vertical data correlation detection unit 18a,
the even-numbered scan vertical data correlation detection
unit 185 and the frame difference motion detection unit 18c¢,
selects a creation method of the respective pixels in the event
of creating the synthetic image data to be described later, and
sends information of such selection to the interpolated data
selection unit. In the first embodiment, the selectable creation
method of the pixels is a method of extracting a pixel, which
corresponds to a pixel that becomes adjacent to a pixel (pixel
of interest) serving as a subject in the event where the syn-
thetic image data is created, from the frame image data of the
second latest frame, and of obtaining interpolated pixel data,
or the like.

[0082] The interpolated data selection unit 18e receives
such selection information coming from the interpolated data
method selection unit 184, reads out necessary frame image
data from the odd-numbered scan B-mode image data
memory unit 154 and the even-numbered scan B-mode image
data memory unit 155, extracts pixel data of a pixel, which is
necessary to create the pixel of interest, from the read out
frame image data, and creates the pixel data of the pixel of
interest. The interpolated data selection unit 18e sends the
created image data to the image data synthesis unit 18/
[0083] The image data synthesis unit 18f reads out the
frame image data of the latest frame and the frame image data
of the second latest frame from the odd-numbered scan
B-mode image data memory unit 15a and the even-numbered
scan B-mode image data memory unit 155, synthesizes the
respective readout frame image data with each other, and
creates the synthetic image data. Moreover, when the pixel
data sent from the interpolated data selection unit 18e is
present, the image data synthesis unit 18fwrites the pixel data
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concerned to the synthetic image data. Then, the synthetic
image data created in such a manner is outputted to the dis-
play unit 17 through the DSC 16.

[0084] Next, while referring to FIG. 5, a description is
made of the pulse transmission processing to be executed in
the ultrasound diagnostic device S configured in such a man-
ner as described above. This pulse transmission processing is
processing to be executed when scanning in one frame is
started. Note that FIG. 5 is a flowchart showing a case where,
in a case where a constant m is an odd number, a frame (odd
number frame), in which m pieces of the transducers 2a
arranged consecutively in the scanning direction are driven to
perform the scanning, and a frame (even number frame), in
which m+1 pieces of the transducer 2a are driven to perform
the scanning, are alternately performed. However, a configu-
ration may be adopted, in which, the constant m is defined to
be an even number, and a frame (even number frame), in
which m pieces of the transducers 2a are driven to perform the
scanning, and a frame (odd number frame), in which m+1
pieces of the transducer 2a are driven to perform the scanning,
are alternately performed.

[0085] First, the control unit 18 sets 1 to a variable a indi-
cating the number of output times of the transmitted ultra-
sound wave (Step S101), and determines whether or not a
frame at this time is an odd number frame (Step S102). Here,
the odd number frame is a frame, in which predetermined
odd-number pieces (m pieces in the example shown in FIG. 5)
of'the transducers 2a are driven to perform the scanning, and
the even number frame is a frame, in which the transducers 2a
of which number (m+1 pieces in the example shown in FIG.
5) is larger (or smaller) by one than that of the transducers 2a
to be driven in the odd number frame are driven to perform the
scanning.

[0086] In the case where it is determined that the frame at
this time is an odd number frame (Step S102:Y), the control
unit 18 turns on a route from the transducer 2a arranged at an
[a]-th position corresponding to a variable a to the transducer
2q arranged at an [a+m-1]-th position, and conducts the route
concerned to the pulse generation circuit of the transmitter
unit 12 (Step S103). That is to say, the control unit 18 makes
conduction between the pulse generation circuit and m pieces
(m is an odd number) of the transducers 2a arranged consecu-
tively in the scanning direction, the transducers 2a including
the transducer 2a located at the position corresponding to the
variable a. A specific description is made with reference to
FIG. 3. For example, when the number of output times is
third, and the number of transducers 2a to be driven for each
single output of the transmitted ultrasound wave is defined to
be (m=3) pieces, the third to fifth transducers 2a and the pulse
generation circuit are conducted to each other. Then, the
respective transducers 2a output such transmitted ultrasound
waves at predetermined pieces of timing thereof in response
to the output of the pulse signal by the pulse generation
circuit, whereby the transmitted beams are formed. Note that
the constant m can be set arbitrarily as long as the constant m
is smaller than the number (n pieces) of the transducers 2a
provided in the ultrasound probe 2.

[0087] Next, the control unit 18 determines whether or not
the variable a is equal to [n-m+1] (Step S104). That is to say,
the control unit 18 determines whether or not the transmitted
beam is the last transmitted beam in one frame, which is
outputted in such a manner that m pieces of the transducers 2a
including the transducer 2a arrayed in the n-th order are
driven. When the control unit 18 determines that the trans-
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mitted beam concerned is a transmitted beam outputted last
time in one frame (Step S104:Y), the control unit 18 ends this
processing, and meanwhile, when the control unit 18 does not
determine that the transmitted beam concerned is the trans-
mitted beam outputted last time in one frame (Step S104: N),
the control unit 18 shifts to processing of Step S107.

[0088] Moreover, when the control unit 18 does not deter-
mine that the frame at this time is an odd number frame in Step
S102, that is, when the frame at this time is an even number
frame (Step S102: N), the control unit 18 turns on a rout from
the transducer 2a arranged at the [a]-th position correspond-
ing to the variable a to the transducer 2a arranged at an
[a+m]-th position, and conducts the route concerned to the
pulse generation circuit of the transmitter unit 12 (Step S105).
That is to say, the control unit 18 makes conduction between
the pulse generation circuit and [m+1] pieces of the transduc-
ers 2a arranged consecutively in the scanning direction, the
transducers 2a including the transducer 2a located at the
position corresponding to the variable a. Then, the respective
transducers 2a output the transmitted ultrasound waves at
predetermined pieces of timing thereof in response to the
output of the pulse signal by the pulse generation circuit,
whereby the transmitted beams are formed.

[0089] Next, the control unit 18 determines whether or not
the variable a is equal to [n-m] (Step S106). That is to say, the
control unit 18 determines whether or not the transmitted
beam concerned is the last transmitted beam in one frame,
which is outputted in such a manner that [m+1] pieces of the
transducers 2a including the transducer 2a arrayed in the n-th
order are driven. When the control unit 18 determines that the
transmitted beam concerned is a transmitted beam outputted
last time in one frame (Step S106:Y), the control unit 18 ends
this processing, and meanwhile, when the control unit 18
does not determine that the transmitted beam concerned is the
transmitted beam outputted last time in one frame (Step S106:
N), the control unit 18 shifts to processing of Step S107.

[0090] In Step S107, the control unit 18 waits for elapse of
a predetermined time (t) (Step S107), and shifts to processing
of Step S108. This time (t) is set at a cycle in which the pulse
signal is generated by the pulse generation circuit of the
transmitter unit 12. Then, the control unit 18 adds one to the
variable a (Step S108), and shifts to the processing of Step
S102.

[0091] Next, while referring to FIG. 6, a description is
made of the pulse reception processing. This pulse reception
processing is processing to be executed when the scanning in
one frame is started.

[0092] First, the control unit 18 determines whether or not
the frame at this time is an odd number frame (Step S201).
When the control unit 18 determines that the frame at this
time is an odd number frame (Step S201:Y), the control unit
18 switches the switch 13a of the receiver unit 13 so that the
received signal coming from the ultrasound probe 2 can be
inputted to the odd number scanning unit 135 (Step S202).
Meanwhile, when the control unit 18 does not determine that
the frame at this time is an odd number frame, that is, deter-
mines that the frame at this time is an even number frame
(Step S201: N), the control unit 18 switches the switch 13a of
the receiver unit 13 so that the received signal coming from
the ultrasound probe 2 can be inputted to the even number
scanning unit 13¢ (Step S203). Then, the control unit 18 waits
until scanning for one frame is completed (Step S204), and
ends this processing. That is to say, when the input of the
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received signal that is based on the last output of the trans-
mitted beam in one frame is completed, this processing is
ended.

[0093] Next, while referring to FIG. 7, a description is
made of the image data synthesis processing according to the
first embodiment of the present invention. This image data
synthesis processing is processing to be executed when the
frame image data of the latest frame is stored in the memory
unit 15. Here, the latest frame refers to a latest frame between
two consecutive frames which serve as bases for creating the
synthetic image data, and in usual, there applies a latest frame
in the frames in which the frame image data is stored in the
memory unit 15 at the point of time of performing the image
data synthesis processing; however, the latest frame is not
necessarily limited to this. For example, in the event of cre-
ating the synthetic image data, frame image data obtained
after the frames which serve as the bases for creating the
synthetic image data are obtained may be already stored in the
memory unit 15. Note that, in the first embodiment, the odd-
numbered scan vertical data correlation detection unit 18a
and the even-numbered scan vertical data correlation detec-
tion unit 185 do not function, and only by the frame difference
motion detection unit 18¢, the selection of the creation
method of the pixels by the interpolated data method selection
unit 184 is performed.

[0094] First, the control unit 18 refers to the work area in the
memory unit 15, which is for creating the synthetic image
data, and determines whether or not the subject of the pixel
data of the pixel of interest, which is the pixel of the determi-
nation subject, is pixel data in the frame image data of the
latest frame (Step S301).

[0095] When the control unit 18 does not determine that the
subject of the pixel data ofthe pixel of interest is the pixel data
in the frame image data of the latest frame (Step S301: N), the
control unit 18 uses, as the pixel data of the pixel of interest,
the pixel data in the frame image data of the second latest
frame (even number frame immediately before the latest
frame, for example, in the case where the latest frame is an
odd number frame) (Step S302). That is to say, by a function
of the image data synthesis unit 187, the control unit 18 reads
out the frame image data of the second latest frame from the
memory unit 15, extracts pixel data of a pixel that coincides
with the pixel of interest on the coordinate, and writes the
extracted pixel data into the work area of the memory 15.
[0096] Meanwhile, when the control unit 18 determines
that the subject of the pixel data of the pixel of interest is the
pixel data in the frame image data of the latest frame (Step
S301:Y), then by a function of the frame difference motion
detection unit 18¢, the control unit 18 detects a brightness
difference between the pixel data in the frame image data of
the latest frame and the pixel data in the frame image data of
the third latest frame (odd number frame immediately before
the latest frame, for example, in the case where the latest
frame is an odd number frame), and performs the motion
determination (Step S303).

[0097] Then, the control unit 18 determines whether or not
the pixel of interest does not move, that is, is in a static state
as aresult of the motion determination (Step S304). When the
control unit 18 determines that the pixel of interest is in the
static state (Step S304:Y), the control unit 18 uses the pixel
data in the frame image data of the latest frame (Step S305).
That is to say, by the function of the image data synthesis unit
18f, the control unit 18 reads out the frame image data of the
latest frame from the memory unit 15, extracts the pixel data
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of the pixel that coincides with the pixel of interest on the
coordinate, and writes the extracted pixel data into the work
area of the memory 15. Note that, in Step S305, in place of
using the image data of the latest frame, the image data of the
third latest frame may be used, or an average value of the
image data of the latest frame and the image data of the third
latest frame, or the like may be used.

[0098] Meanwhile, when the control unit 18 does not deter-
mine in Step S304 that the pixel of interest is in the static state,
that is, when the pixel moves (Step S304: N), then by func-
tions of the interpolated data method selection unit 184 and
the interpolated data selection unit 18e, the control unit 18
extracts pixel data of pixels, which correspond to pixels adja-
cent to the pixel of interest in the vertical direction (scanning
direction), from the frame image data of the second latest
frame, and writes interpolated data, which is created by
obtaining an average of the respective pixel data, into the
work area of the memory unit 15 (Step S306).

[0099] Then, the control unit 18 determines whether or not
the synthesis is completed for all the pixels (Step S307), and
ends this processing when the control unit 18 concerned
determines that the synthesis is completed (Step S307:Y).
Meanwhile, when the control unit 18 does not determine that
the synthesis is not completed (Step S307: N), the control unit
18 shifts the pixel of interest to an unprocessed pixel (Step
S308), and thereafter, shifts to the processing of Step S301.
[0100] Next, a description is made of an aspect of the scan-
ning and a creation process of the synthetic image data in the
ultrasound diagnostic device S configured in such a manner as
mentioned above.

[0101] Ineachofthe embodiments of the present invention,
as shown in FIG. 8 A, when the first frame as an odd number
frame is started, first to third three transducers 2a are first
driven, and transmitted ultrasound waves are outputted to
“a-ODD” taken as a target. Subsequently, second to fourth
transducers 2a are driven, and transmitted ultrasound waves
are outputted to “b-ODD” taken as a target. Below in a similar
way, the scanning is performed while shifting the transducers
2a, which are to be driven, until output of transmitted ultra-
sound waves by drive of the (n—2)-th to n-th transducers 2a is
performed. Frame image data composed of the respective
sound ray data, which are “a-ODD (1) to “N-ODD (1)”to be
created by this scanning, become as shown in FIG. 8E.
[0102] Then, as shown in FIG. 8B, when a second frame as
an even number frame is started, first to fourth four transduc-
ers 2a are first driven, and transmitted ultrasound waves are
outputted to “a-EVEN” taken as a target. Note that a position
of this target is located at an intermediate between “a-ODD”
and “b-ODD”. Subsequently, second to fifth transducers 2a
are driven, and transmitted ultrasound waves are outputted to
“b-EVEN” taken as a target. Below in a similar way, the
scanning is performed while shifting the transducers 2a,
which are to be driven until output of transmitted ultrasound
waves by drive of the (n-3) to n-th transducers 2a is per-
formed. Frame image data composed of the respective sound
ray data, which are “a-EVEN (2)” to “(N-1)-EVEN (2)” to be
created by this scanning, become as shown in FIG. 8F.
[0103] Subsequently, in a third frame as an odd number
frame, as shown in FIG. 8C, the scanning is performed in a
similar way to the first frame, and frame image data as shown
in FIG. 8G is created.

[0104] Then, in a fourth frame as an even number frame, as
shown in FIG. 8D, the scanning is performed in a similar way
to the second frame, and frame image data as shown in FIG.
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8H is created. Below, also in a fifth frame and after, frame
image data are sequentially created in a similar procedure.

[0105] The frame image data created in such a manner as
described above are synthesized with one another in an aspect
as shown in FIG. 9, and the synthetic image data is created.
That is to say, first, when the frame image data of the second
frame is created, the respective sound ray data in the frame
image data of the first frame shown in FIG. 9A and the
respective sound ray data in the frame image data of the
second frame shown ion FIG. 9B are alternately superim-
posed on each other, and synthetic image data as shown in
FIG. 9E is created. Then, when the frame image data of the
third frame is created, the respective sound ray data in the
frame image data of the second frame shown in FIG. 9B and
the respective sound ray data in the frame image data of the
third frame shown in FIG. 9C are alternately superimposed on
each other, and synthetic image data as shown in FIG. 9F is
created. Then, when the frame image data of the fourth frame
is created, the respective sound ray data in the frame image
data of the third frame shown in FIG. 9C and the respective
sound ray data in the frame image data of the fourth frame
shown ion FIG. 9D are alternately superimposed on each
other, and synthetic image data as shown in FIG. 9G is cre-
ated.

[0106] A pitch of the targets of the synthetic image data
created in such a manner as described above becomes ahalf of
a pitch of the targets in the respective frame image data, and
the azimuth resolution is enhanced. Moreover, the synthetic
image data is created every time when the frame image data of
each of the frames is created, and accordingly, the lowering of
the frame rate is suppressed.

[0107] Next, a description is specifically made of the syn-
thetic image data to be created in such a manner as mentioned
above.

[0108] FIG.10A and FIG. 10B show a position of an actual
object, and FIG. 10B shows a state after elapse of one frame
from FIG. 10A. Moreover, FIG. 10C and FIG. 10D individu-
ally show frame image data created in the states of FIG. 10A
and FIG. 10B, respectively, and FIG. 10E shows synthetic
image data as a result of synthesizing the frame image data
shown in FIG. 10C and FIG. 10D with each other.

[0109] Moreover, FIG. 11A and FIG. 11B show positions
of'an actual object, and FIG. 11B shows a state after elapse of
one frame from FIG. 11A. Moreover, FIG. 11C and FIG. 11D
individually show frame image data created in the states of
FIG. 11A and FIG. 11B, respectively, and FIG. 11E shows
synthetic image data as a result of synthesizing the frame
image data shown in FIG. 11C and FIG. 11D with each other.

[0110] Inthe example shown in FIG. 10, as shown in FIG.
10A and FIG. 10B, the object is in a static state during one
frame. Therefore, when the frame image data obtained in the
respective frames are synthesized with each other to create
the synthetic image data, then as shown in FIG. 10E, synthetic
image data that that represents substantially the same shape as
that of the actual object can be obtained.

[0111] However, in the example shown in FIG. 11, as
shown in FIG. 11A and FIG. 11B, the object moves during
one frame. Therefore, a positional shift occurs between an
image of the object in FIG. 11C and an image of the object in
FIG. 11D. Accordingly, when the frame image data obtained
in the respective frames are merely synthesized with each
other to create the synthetic image data, then as shown in FIG.
11E, comb-like noise (combing noise) is generated.
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[0112] Inthis connection, in the first embodiment, the syn-
thetic image data is created with the above-mentioned con-
figuration, whereby the generation of the comb-like noise is
suppressed. A specific description is made below while refer-
ring to FIG. 12 to FIG. 16.

[0113] FIG. 12A, FIG. 12B and FIG. 12C individually
show positions of the actual object. Then, FIG. 12B shows a
state after elapse of one frame from FIG. 12A, FIG. 12C
shows a state after elapse of one frame from FIG. 12B. More-
over, FIG. 12D, FIG. 12E and FIG. 12F individually show
frame image data created in the states of FIG. 12A, FIG. 12B
and FIG. 12C.

[0114] Then, as shown in FIG. 12, the object does not move
during one frame from the state of FIG. 12A, and turns to the
state of FIG. 12B, and moreover, the object moves during one
frame from the state of FIG. 12B, and turns to the state of FIG.
12C.

[0115] Note that a description is made on the assumption
that FIG. 12A and FIG. 12C show odd number frames, and
that FIG. 12B shows an even number frame.

[0116] Then, the generation of the synthetic image datain a
portion surrounded by broken lines A in FIG. 12 is performed
in accordance with such an aspect as shown in FIG. 13.
[0117] Here, with regard to the pixel data of the frame
image in the portion of the broken lines A of the first frame,
pixels in first, third, thirteenth and fifteenth targets thereof are
black, and pixels in fifth, seventh, ninth and eleventh targets
thereof are white.

[0118] Moreover, with regard to the pixel data of the frame
image in the portion of the broken lines A ofthe second frame,
pixels in second, fourth, twelfth, fourteenth and sixteenth
targets thereof are black, and pixels in sixth, eighth, tenth
targets thereof are white.

[0119] Furthermore, with regard to the pixel data of the
frame images in the portion of the broken lines A of the third
frame, all of pixels in first, third, fifth, seventh, ninth, elev-
enth, thirteenth and fifteenth targets thereof are black.
[0120] First, the frame image data of the first frame and the
third frame are compared with each other for each of the
pixels, and based on brightness differences therebetween,
pixels which move are extracted. That s, as shown in FIG. 13,
pixels which have moved in the portion of the broken lines A
are the pixels of the fifth, seventh, ninth and eleventh targets.
[0121] Then, at the time of creating the synthetic image
data, with regard to pixels other than the pixels which have
moved, the pixel data of the pixels in the frame image data of
the second frame and the pixel data of the pixel in the frame
image data of the third frame are directly applied as the
synthetic image data.

[0122] Moreover, with regard to the pixels which have
moved, interpolated pixel data are obtained from the pixel
data of the pixels corresponding to the pixels which become
adjacent to the pixel concerned in the scanning direction in
the event where the synthetic image data is created, and these
are applied as the synthetic image data. That is to say, for
example, with regard to the pixel of the fifth target, an average
of the respective image data of the pixels of the fourth and
sixth targets in the frame image data of the second frame is
obtained, whereby the interpolated image data is obtained,
and this is applied as the pixel data of the pixel of the fifth
target in the synthetic image data. Hence, the pixel of the fifth
target becomes gray. Also with regard to the pixels of the
seventh, ninth and eleventh targets, interpolated pixel data are
obtained in a similar way.
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[0123] Moreover, the generation of the synthetic image
data in a portion surrounded by broken lines B in FIG. 12 is
performed in accordance with such an aspect as shown in
FIG. 14.

[0124] Here, with regard to the pixel data of the frame
image in the portion of the broken lines B of the first frame,
the pixels in the first, third, thirteenth and fifteenth targets are
black, and the pixels in the fifth, seventh, ninth and eleventh
targets are white.

[0125] Moreover, with regard to the pixel data of the frame
image in the portion of the broken lines B of the second frame,
the pixels in the second, fourth, twelfth, fourteenth and six-
teenth targets are black, and the pixels in the sixth, eighth,
tenth targets are white.

[0126] Furthermore, with regard to the pixel data of the
frame image in the portion of the broken lines B of the third
frame, the pixels in the first, third, thirteenth and fifteenth
targets are black, and the pixels in the fifth, seventh, ninth and
eleventh targets are white.

[0127] In a similar way, the frame image data of the first
frame and the third frame are compared with each other for
each of the pixels, and based on brightness differences ther-
ebetween, pixels which move are extracted. With regard to the
portion surrounded by the broken lines B, the pixels which
move are not detected, and accordingly, at the time of creating
the synthetic image data, for all of the pixels of the first to
sixteenth targets, the pixel data of the pixels in the frame
image data of the second frame and the pixel data of the pixels
in the frame image data of the third frame are directly applied
as the synthetic image data.

[0128] Moreover, the generation of the synthetic image
data in a portion surrounded by broken lines C in FIG. 12 is
performed in accordance with such an aspect as shown in
FIG. 15.

[0129] Here, with regard to the pixel data of the frame
image in the portion of the broken lines C of the first frame, all
of the pixels in the first, third, fifth, seventh, ninth, eleventh,
thirteenth and fifteenth targets are black.

[0130] Moreover, with regard to the pixel data of the frame
image in the portion of the broken lines C of the second frame,
all of the pixels in the second, fourth, sixth, eighth, tenth,
twelfth, fourteenth and sixteenth targets are black.

[0131] Furthermore, with regard to the pixel data of the
frame image in the portion of the broken lines C of the third
frame, the pixels in the first, third, thirteenth and fifteenth
targets are black, and the pixels in the fifth, seventh, ninth and
eleventh targets are white.

[0132] In a similar way, the frame image data of the first
frame and the third frame are compared with each other for
each of the pixels, and based on brightness differences ther-
ebetween, pixels which move are extracted. That is to say, as
shown in FIG. 15, pixels which have moved in the portion of
the broken lines C are the pixels of the fifth, seventh, ninth and
eleventh targets. Then, the generation of the synthetic image
data is performed in such a manner as mentioned above in
FIG. 13.

[0133] Such processing as described above is performed,
whereby synthetic image data as shown in FIG. 16 is created.

[0134] As a result, the comb-like noise as shown in FIG.
11E is not generated, and it is made possible to achieve
reduction of an artifact.
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Second Embodiment

[0135] Next, a description is made of a second embodiment
of the present invention. Note that the second embodiment of
the present invention is similar to the first embodiment except
that image data synthesis processing thereofis different from
that of the first embodiment, and accordingly, a description is
made of the image data synthesis processing according to the
second embodiment, and a description of other configura-
tions is omitted.

[0136] While referring to FIG. 17, a description is made of
the image data synthesis processing according to the second
embodiment. Note that, in the second embodiment, the selec-
tion of the creation method of the pixels by the interpolated
data method selection unit 184 is performed by the odd-
numbered scan vertical data correlation detection unit 18a,
the even-numbered scan vertical data correlation detection
unit 185 and the frame difference motion detection unit 18c¢.

[0137] First, in a similar way to the first embodiment, the
control unit 18 determines whether or not the subject of the
pixel data of the pixel of interest is the pixel data in the frame
image data of the latest frame (Step S401). When the control
unit 18 does not determine that the subject of the pixel data of
the pixel of interest is the pixel data in the frame image data of
the latest frame (Step S401: N), the control unit 18 uses, as the
pixel data of the pixel of interest, the pixel data in the frame
image data of the second latest frame (Step S402).

[0138] Meanwhile, when the control unit 18 determines
that the subject of the pixel data of the pixel of interest is the
pixel data in the frame image data of the latest frame (Step
S401:Y), then by functions of the odd-numbered scan vertical
data correlation detection unit 18a and the even-numbered
scan vertical data correlation detection unit 185, the control
unit 18 extracts the pixel data (vertical pixel data) of the
pixels, which correspond to the pixels adjacent to the pixel of
interest in the vertical direction (scanning direction), from the
frame image data of the second latest frame, and detects a
brightness difference between the extracted pixels in such a
manner as mentioned above (Step S403).

[0139] Then, the control unit 18 determines whether or not
a correlation between the vertical pixel data is strong as a
result of detecting the brightness difference (Step S404).

[0140] When the control unit 18 determines that the corre-
lation between the vertical pixel data is strong (S404:Y), then
by the functions of the interpolated data method selection unit
184 and the interpolated data selection unit 18e, the control
unit 18 writes interpolated data, which is created by obtaining
an average of the vertical pixel data, as the pixel data of the
pixel of interest into the work area of the memory unit 15
(Step S405). Meanwhile, when the control unit 18 does not
determine that the correlation between the vertical pixel data
is strong (Step S404: N), the control unit 18 executes process-
ing of Step S406 and after. Contents of the processing of Step
S406 and after are similar to contents of the processing of
Step S303 to Step S308 of FIG. 7, and accordingly, a descrip-
tion thereof is omitted.

[0141] Next, while referring to FIG. 18 to FIG. 21, a spe-
cific description is made of a creation process of the synthetic
image data in the second embodiment. Note that the obtaining
conditions of the frame image data and the positions of the
pixels in the synthetic image data, which are used in the
description, are assumed to be similar to those in the descrip-
tion of FIG. 12.
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[0142] In the second embodiment, the generation of the
synthetic image data in the portion surrounded by the broken
lines A in FIG. 12 is performed in accordance with an aspect
shown in FIG. 18.

[0143] First, the vertical pixel data as pixel data of the
pixels, which correspond to the pixels adjacent to the pixel of
interest in the vertical direction, are extracted. That is to say,
for example, if the pixel of interest is the pixel of the third
target, then the pixel data to be extracted as the vertical pixel
data are the pixel data of the pixels of the second and fourth
targets in the frame image data of the second frame. More-
over, if the pixel of interest is the pixel of the fifth target, then
the pixel data to be extracted as the vertical pixel data are the
pixel data of the pixels of the fourth and sixth targets in the
frame image data of the second frame.

[0144] Then, the brightness difference between the vertical
pixel data is detected to determine strength of the correlation.
In the case where the correlation is strong, then the interpo-
lated pixel data is obtained from the vertical pixel data, and
this is applied as the pixel data of the pixel of interest to the
synthetic image data. That is to say, for example, with regard
to the pixel of the third target, since a correlation between the
respective pixel data of the pixels of the second and fourth
targets is strong, an average of these pixel data is obtained,
whereby the interpolated pixel data is obtained, and this is
applied as the pixel data of the pixel of the third target in the
synthetic image data.

[0145] Meanwhile, in the case where the correlation
between the vertical pixel data is not strong, then it is further
determined whether or not the pixel of interest has moved.
Note that, since a method of determining such a motion is
similar to that of the first embodiment, a detailed description
thereofis omitted. For example, with regard to the pixel of the
fifth target, a correlation between the respective pixel data of
the pixels of the fourth and sixth targets in the frame image
data of the second frame is not strong (is low), and accord-
ingly, the motion determination is performed for the pixel of
interest. Then, since the pixel of interest has moved, an aver-
age of the vertical image data is obtained to obtain interpo-
lated pixel data, and this is applied as pixel data of the pixel of
the fifth target in the synthetic image data. Hence, the pixel of
the fifth target becomes gray.

[0146] Moreover, with regard to the creation of the syn-
thetic image data in the portion surrounded by the broken
lines B in FIG. 12, as shown in FIG. 19, the creation of the
synthetic image data is performed by a similar process.
[0147] Here, withregard to each of pixels denoted by “Data
A” and “Data B” in FIG. 19, pixel data is obtained as shown
in FIG. 20A. That is to say, with regard to the pixel of the fifth
target, which is the pixel of interest and is denoted by “Data
A”, a correlation between the respective pixel data of the
pixels of the fourth and sixth targets in the frame image data
ofthe second frame is low, and accordingly, the motion deter-
mination is performed for the pixel of interest. Then, since the
pixel of interest has not moved, pixel data of a pixel (pixel
denoted by “1” in FIG. 20A) in the frame image data of the
third frame is directly applied as the synthetic image data. In
FIG. 19, also with regard to the pixel of the eleventh target,
which is the pixel of interest and is denoted by “Data B”, pixel
data is obtained in a similar way.

[0148] Note that, with regard to the pixel data of each of the
pixels denoted by “Data A” and “Data B”, a similar effect is
obtained even if such aspects as shown in FIG. 20B and FIG.
20C are used as well as the aspect shown in FIG. 20A. That is
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to say, in the aspect shown in FIG. 20B, pixel data of the pixel
(pixel denoted by “0” in FIG. 20B) in the frame image data of
the first frame is directly applied as the synthetic image data.
Moreover, in the aspect shown in FIG. 20C, one obtained by
averaging the pixel data of the pixel (pixel denoted by “0” in
FIG. 20C) in the frame image data of the first frame and the
pixel data of the pixel (pixel denoted by “1” in FIG. 20C) in
the frame image data of the third frame is applied as the
synthetic image data.

[0149] Moreover, with regard to the creation of the syn-
thetic image data in the portion surrounded by the broken
lines C in FIG. 12, as shown in FIG. 21, the creation of the
synthetic image data is performed by a similar process to that
mentioned above.

[0150] Note that, with regard to the pixel of the first target
as an upper end portion of the frame image, the motion
detection by the brightness difference, which is as shown in
the first embodiment, is performed, whereby the creation of
the pixel data is performed; however, the pixel data of the
pixel of the second target in the frame image data of the
second frame may be applied. Moreover, in the case where the
latest frame is an even number frame, with regard to the pixel
of the sixteenth target as a lower end portion of the frame
image, pixel data of the pixel of the fifteenth target in an odd
number frame as the second latest frame may be applied.
[0151] As described above, also by the second embodi-
ment, a similar effect to that of the first embodiment is
obtained.

Third Embodiment

[0152] Next, adescription is made of a third embodiment of
the present invention. Note that the third embodiment of the
present invention is similar to the first and second embodi-
ments except that image data synthesis processing thereof is
different from those of the first and second embodiments, and
accordingly, a description is made of the image data synthesis
processing according to the third embodiment, and a descrip-
tion of other configurations is omitted.

[0153] While referring to FIG. 22, a description is made of
the image data synthesis processing according to the third
embodiment. Here, a description is made of Step S4054 and
Step S409a, which are different from equivalent steps in the
image data synthesis processing according to the second
embodiment, and since pieces of processing in other steps are
similar to equivalent pieces in the image data synthesis pro-
cessing according to the second embodiment, a description
thereof is omitted.

[0154] In Step S405a, the control unit 18 writes upper pixel
data between the vertical pixel data as the interpolated data
into the work area of the memory unit 15 (Step S4054). That
is to say, when illustration is made with reference to FIG. 18,
then with regard to the pixel of interest, which is the pixel of
the third target, the pixel data of the pixel of the second target
between the respective pixel data (vertical pixel data) of the
pixels of the second and fourth targets in the frame image data
of the second frame is directly applied as the pixel data of the
pixel of the third target.

[0155] Moreover, in a similar way also in Step S409a, the
control unit 18 writes upper pixel data between the vertical
pixel data as the interpolated data into the work area of the
memory unit 15 (Step S409a). Thatis to say, when illustration
is made with reference to FIG. 18, then with regard to the
pixel of interest, which is the pixel of the fifth target, the pixel
data of the pixel of the fourth target between the respective
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pixel data (vertical pixel data) of the pixels of the fourth and
sixth targets in the frame image data of the second frame is
directly applied as the pixel data of the pixel of the fifth target.
Hence, in the third embodiment, the pixel of the fifth target
becomes black, and meanwhile, the pixel of the eleventh
target becomes white as a result of performing similar pro-
cessing.

[0156] Note that, in place of Step S409a, Step S409 of the
image data synthesis processing shown in FIG. 17 may be
executed.

[0157] The processing as described above is performed,
whereby such synthetic image data as shown in FIG. 23 is
created.

[0158] As described above, in accordance with the third
embodiment, the comb-like noise is not generated, and it is
made possible to achieve the reduction of the artifact. More-
over, more than in the case of obtaining the interpolated data
by averaging the vertical pixel data, it is made possible to
reduce a processing load, or alternatively, to simplify the
circuit configuration in the case of realizing the processing by
hardware, and a reduction of cost can be achieved.

Fourth Embodiment

[0159] Next, a description is made of a fourth embodiment
of the present invention. Note that the fourth embodiment of
the present invention is similar to the first and second embodi-
ments except that image data synthesis processing thereof is
different from those of the first and second embodiments, and
accordingly, a description is made of the image data synthesis
processing according to the fourth embodiment, and a
description of other configurations is omitted.

[0160] While referring to FIG. 24, a description is made of
the image data synthesis processing according to the fourth
embodiment. Here, a description is made of Step S4055 and
Step S4095, which are different from equivalent steps in the
image data synthesis processing according to the second
embodiment, and since pieces of processing in other steps are
similar to equivalent pieces in the image data synthesis pro-
cessing according to the second embodiment, a description
thereof is omitted.

[0161] InStep S4055, the control unit 18 writes lower pixel
data between the vertical pixel data as the interpolated data
into the work area of the memory unit 15 (Step S4055). That
is to say, when illustration is made with reference to FIG. 18,
then with regard to the pixel of interest, which is the pixel of
the third target, the pixel data of the pixel of the fourth target
between the respective pixel data (vertical pixel data) of the
pixels of the second and fourth targets in the frame image data
of the second frame is directly applied as the pixel data of the
pixel of the third target.

[0162] Moreover, in a similar way also in Step S4095, the
control unit 18 writes lower pixel data between the vertical
pixel data as the interpolated data into the work area of the
memory unit 15 (Step S4095). That is to say, when illustration
is made with reference to FIG. 18, then with regard to the
pixel of interest, which is the pixel of the fifth target, the pixel
data of the pixel of the sixth target between the respective
pixel data (vertical pixel data) of the pixels of the fourth and
sixth targets in the frame image data of the second frame is
directly applied as the pixel data of the pixel of the fifth target.
Hence, in the fourth embodiment, the pixel of the fifth target
becomes white, and meanwhile, the pixel of the eleventh
target becomes black as a result of performing similar pro-
cessing.
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[0163] Note that, in place of Step S4095, Step S409 of the
image data synthesis processing shown in FIG. 17 may be
executed.

[0164] The processing as described above is performed,
whereby such synthetic image data as shown in FIG. 25 is
created. As described above, in accordance with the fourth
embodiment, a similar effect to that of the third embodiment
can be exerted.

[0165] As described above, in accordance with the first to
fourth embodiments of the present invention, the ultrasound
probe 2 includes the n pieces of transducers 2a while arrang-
ing the transducers 2a in parallel, the transducers 2a output-
ting the transmitted ultrasound waves toward the test body by
the drive signal, and in addition, outputting the received sig-
nals by receiving the reflected ultrasound waves from the test
body. Then, the transmitter unit 12 supplies the drive signal to
the selected transducers 2a among the n pieces. Then, the
receiver unit 13 receives the received signals to be outputted
from the selected transducers 2a. Then, the control unit 18
sequentially selects the transducers 2a, which are to be sup-
plied with the drive signal, while shifting the transducers 2a
by a predetermined number in the array direction every time
when each of the transmitted ultrasound waves is outputted.
Then, based on the received signals sequentially received by
the receiver unit 13, the image creation unit 14 creates the
image data of the inside of the test body for each of the frames.
Then, while making switch for each of the frames, the control
unit 18 executes the selection of the m pieces of the transduc-
ers 2a arranged consecutively and the selection of the m+1
pieces of the transducers 2a arranged consecutively. Then,
every time when the image data of each of the frames is
created, the control unit 18 at least creates the synthetic image
data obtained by synthesizing the image data of the two
consecutive frames with each other. As a result, the interval
between the targets, which depends on the interval between
the transducers, can be reduced, and accordingly, the resolu-
tion can be enhanced. In addition, the scanning is performed
while changing the number of driven transducers, which per-
form the transmission/reception, to the odd number/even
number for each of the frames, and accordingly, the lowering
of the frame rate can be suppressed.

[0166] Moreover, in accordance with the first to fourth
embodiments of the present invention, the memory unit 15 at
least stores the image data of the range from the latest frame
between the two consecutive frames to the third latest frame.
Then, the control unit 18 creates the pixel data of the pixel in
the synthetic image data, which corresponds to a changed
portion of the pixel between the image data of the latest frame
and the image data of the third latest frame, based on the pixel
data in the image data of the second latest frame, which
corresponds to the pixels adjacent to the pixel concerned. As
a result, it is made possible to suppress the generation of the
comb-like noise, and accordingly, the artifact can be reduced.

[0167] Moreover, in accordance with the first and second
embodiments, the control unit 18 sets the pixel data of the
pixel in the synthetic image data, which corresponds to the
changed portion of the pixel, to the one obtained by the
interpolation from the pixel data in the image data of the
second latest frame, which individually correspond to the
pixels adjacent to both sides of the pixel concerned in the
azimuth direction. As a result, the generation of the comb-like
noise is suppressed, and in addition, image data more
approximate to such a measurement subject can be obtained,
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and accordingly, enhancement of image quality can be
achieved in addition to the reduction of the artifact.

[0168] Moreover, in accordance with the first to fourth
embodiments of the present invention, the control unit 18 sets
the pixel data of the pixel in the synthetic image data, which
corresponds to the changed portion of the pixel, to the same
one as the pixel data in the image data of the second latest
frame, which corresponds to the pixel adjacent to either side
of'the pixel concerned in the azimuth direction. As a result, it
is made possible to suppress the generation of the comb-like
noise, and accordingly, the artifact can be reduced. Further-
more, a special calculation and the like for obtaining the pixel
data are not necessary, and the processing is simplified, or
alternatively, can be realized by a simple circuit configura-
tion, whereby the reduction of the cost is achieved. Moreover,
the image can be displayed more clearly and distinctively, and
accordingly, the enhancement of the image quality can also be
achieved.

[0169] Moreover, in accordance with the first embodiment
of'the present invention, the control unit 18 sets the pixel data
of'the pixel in the synthetic image data, which corresponds to
the portion where there is no change in the pixel between the
image data of the latest frame and the pixel data of the third
latest frame, to the pixel data of the pixel in the image data of
the latest frame, which corresponds to the pixel concerned. As
a result, a special calculation and the like for obtaining the
pixel data are not necessary, and the processing is simplified,
or alternatively, can be realized by a simple circuit configu-
ration, whereby the reduction of the cost is achieved.

[0170] Moreover, in accordance with the second to fourth
embodiments of the present invention, the control unit 18
determines whether or not the two pixels adjacent to each
other in the azimuth direction in the image data of the second
latest frame, which serve as the determination subject pixels,
satisfy a predetermined correlation condition. Then, when the
correlation condition is satisfied as a result of the determina-
tion, the control unit 18 sets the pixel data of the pixel
arranged between the two pixels in the synthetic image data,
which correspond to the determination subject pixels, to the
one created based on the pixel data related to the determina-
tion subject pixels concerned. As a result, the creation aspect
of the pixel data is decided by determining the correlation,
and accordingly, the simplification of the processing can be
achieved, or alternatively, it is made possible to realize the
processing by a simple circuit configuration, whereby the
reduction of the cost is achieved.

[0171] Moreover, in accordance with the second to fourth
embodiments of the present invention, the control unit 18
determines, as a correlation condition, whether or not the
brightness difference between the determination subject pix-
els is a predetermined threshold value or less, and accord-
ingly, the determination of the correlation condition can be
performed with ease.

[0172] Note that the description in the embodiments of the
present invention merely illustrates examples of the ultra-
sound diagnostic device according to the present invention,
and the ultrasound diagnostic device according to the present
invention is not limited to this. Detailed configurations and
detailed operations of the respective functional units which
compose the ultrasound diagnostic device are also change-
able as appropriate.

[0173] Moreover, in this embodiment, the odd number
scanning unit 136 and the even number scanning unit 13¢ are
formed in the one receiver unit 13; however, such a configu-
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ration may be adopted, in which a plurality of the receiver
units are provided, and the odd number scanning unit 135 and
the even number scanning unit 13¢ are individually provided
in the receiver units separate from each other.

[0174] Moreover, in this embodiment, the odd-numbered
scan B-mode image creation unit 14q and the even-numbered
scan B-mode image creation unit 14 are formed in the one
image creation unit 14; however, such a configuration may be
adopted, in which a plurality of the image creation units 14 are
provided, and the odd-numbered scan B-mode image creation
unit 14a and the even-numbered scan B-mode image creation
unit 145 are individually provided in the image creation units
separate from each other.

[0175] Moreover, in this embodiment, the odd-numbered
scan B-mode image data memory unit 15¢ and the even-
numbered scan B-mode image data memory unit 156 are
formed in the one memory unit 15; however, such a configu-
ration may be adopted, in which a plurality of the memory
units are provided, and the odd-numbered scan B-mode
image data memory unit 154 and the even-numbered scan
B-mode image data memory unit 156 are individually pro-
vided in the memory units separate from each other.

[0176] Moreover, inthe firstembodiment, in the case where
the pixel of interest moves, then the average of the pixel data
of the pixels corresponding to the pixels adjacent thereto in
the vertical direction is obtained to create the interpolated
data; however, as in the third or fourth embodiment, the upper
data or the lower data may be used as the interpolated data.
Moreover, these may be used in combination with each other.

[0177] Moreover, in this embodiment, the determination of
the brightness difference is performed for each of the pixels,
and the motion is detected; however, for example, such a
configuration may be adopted, in which a plurality of pixels
composed of xxy pieces (each of x and y is an integer of one
ormore) are defined as a unit of block, brightness averages are
obtained for each of the blocks, and values of the averages are
compared with one another to determine the brightness dif-
ference, and the motion detection is performed. In such a way,
a reduction of an arithmetic operation amount can be
achieved, and moreover, in the case where noise is superim-
posed, this can be absorbed. Accordingly, even in the case
where the noise is generated, it is made possible to reduce an
influence thereof.

[0178] Moreover, in the second to fourth embodiments, the
correlation between the pixels is determined from the bright-
ness difference between the vertical pixel data; however, such
a configuration may be adopted, in which a plurality of pixels
composed of xxy pieces (each of x and y is an integer of one
ormore) are defined as a unit of block, brightness averages are
obtained for each of the blocks, and values of these averages
are compared with each other between the upper and lower
blocks to determine the brightness difference, and the deter-
mination is performed between the upper and lower blocks.
Then, from a result of such a correlation determination, the
interpolated pixel data may be obtained based on the respec-
tive average values of the upper and lower blocks for the pixel
ofthe target arranged between these blocks or for the plurality
of pixels turned to the unit of block. In such a way, the
reduction of the arithmetic operation amount can be achieved,
and moreover, in the case where noise is superimposed, this
can be absorbed. Accordingly, even in the case where the
noise is generated, it is made possible to reduce the influence
thereof.
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[0179] Moreover, in this embodiment, the example is dis-
closed, where a hard disk, a semiconductor nonvolatile
memory or the like is used as a medium capable of reading a
program according to the present invention by a computer;
however, the present invention is not limited to this example.
As another computer-readable medium, a portable recording
medium such as a CD-ROM is applicable. Moreover, a carrier
wave is also applied as a medium that provides data of the
program according to the present invention through a com-
munication line.

INDUSTRIAL APPLICABILITY

[0180] The present invention is applicable in the field (par-
ticularly, the medical field) where the diagnosis is performed
by the ultrasound image.

EXPLANATION OF REFERENCE NUMERALS

[0181] S ULTRASOUND DIAGNOSTIC DEVICE

[0182] 1 ULTRASOUND DIAGNOSTIC DEVICE
BODY

[0183] 2 ULTRASOUND PROBE

[0184] 2a TRANSDUCER

[0185] 12 TRANSMITTER UNIT

[0186] 13 RECEIVER UNIT

[0187] 14 IMAGE CREATION UNIT

[0188] 15 MEMORY UNIT

[0189] 17 DISPLAY UNIT

[0190] 18 CONTROL UNIT

1. An ultrasound diagnostic device comprising:

an ultrasound probe which includes n pieces of transducers
being arranged in parallel, n satisfying n>1, the trans-
ducers outputting transmitted ultrasound waves toward a
test body by a drive signal, and outputting received sig-
nals by receiving reflected ultrasound waves from the
test body;

a transmitter unit which supplies the drive signal to
selected transducers from among the n pieces of trans-
ducers;

a receiver unit which receives received signals to be out-
putted from the selected transducers;

a control unit which sequentially selects the transducers,
the transducers being supplied with the drive signal,
while shifting the transducers by a predetermined num-
ber in an array direction every time when each of the
transmitted ultrasound waves is outputted; and

an image processing unit which creates image data of an
inside of the test body for each frame based on the
received signals sequentially received by the receiver
unit,

wherein, while making a switch for each frame, the control
unit executes selection of m pieces of the transducers
arranged consecutively and selection of m+1 pieces of
the transducers arranged consecutively, m satisfying
m<n, and every time when the image data of each frame
is created, the control unit creates synthetic image data
obtained by synthesizing image data of at least two
consecutive frames with each other.

2. The ultrasound diagnostic device according to claim 1,

further comprising:

a storage unit which at least stores image data of a range
from a latest frame among the two consecutive frames to
a third latest frame,



US 2013/0102904 Al

wherein the control unit creates pixel data of a pixel in the
synthetic image data, the pixel data corresponding to a
changed portion of a pixel between image data of the
latest frame and image data of the third latest frame,
based on pixel data in image data of a second latest
frame, the pixel data corresponding to a pixel adjacent to
the pixel.

3. The ultrasound diagnostic device according to claim 2,
wherein the control unit sets the pixel data of the pixel in the
synthetic image data, the pixel data corresponding to the
changed portion of the pixel, to one obtained by interpolation
from the pixel data in the image data of the second latest
frame, the pixel data individually corresponding to pixels
adjacent to both sides of the pixel in an azimuth direction.

4. The ultrasound diagnostic device according to claim 2,
wherein the control unit sets the pixel data of the pixel in the
synthetic image data, the pixel data corresponding to the
changed portion of the pixel, to the same one as the pixel data
in the image data of the second latest frame, the pixel data
corresponding to a pixel adjacent to either side of the pixel in
an azimuth direction.

5. The ultrasound diagnostic device according to claim 2,
wherein the control unit sets pixel data of a pixel in the
synthetic image data, the pixel data corresponding to a por-
tion where there is no change of a pixel between the image
data of the latest frame and the image data of the third frame,
to pixel data of a pixel in the image data of the latest frame, the
pixel data corresponding to the pixel.

6. The ultrasound diagnostic device according to claim 2,
wherein the control unit determines whether or not two pixels
adjacent to each other in the azimuth direction in the image
data of the second latest frame, the two pixels serving as
determination subject pixels, satisfy a predetermined corre-
lation condition, and when the correlation condition is satis-
fied as a result of the determination, sets pixel data of a pixel
to be arranged between two pixels in the synthetic image, the
pixels corresponding to the determination subject pixels, to
one created based on pixel data related to the determination
subject pixels.

7. The ultrasound diagnostic device according to claim 6,
wherein the control unit determines, as the correlation con-
dition, whether or not a brightness difference between the
determination subject pixels is a predetermined threshold
value or less.

8. A nontransitory computer-readable medium having
stored thereon a program that is executable by a computer, the
computer being provided in an ultrasound diagnostic device
including an ultrasound probe which includes n pieces of
transducers being arranged in parallel, n satisfying n>1, the
transducers outputting transmitted ultrasound waves toward a
test body by a drive signal, and outputting received signals by
receiving reflected ultrasound waves from the test body, the
program being executable by the computer to execute func-
tions comprising:

a transmission function to supply the drive signal to

selected transducers among the n pieces thereof;,
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a reception function to receive received signals to be out-
putted from the selected transducers;

a control function to sequentially select the transducers, the
transducers being to be supplied with the drive signal,
while shifting the transducers by a predetermined num-
ber in an array direction every time when each of the
transmitted ultrasound waves is outputted, and, while
making switch for each frame, to execute selection of m
pieces of the transducers arranged consecutively and
selection of m+1 pieces of the transducers arranged con-
secutively, m satisfying m<n; and

an image processing function to create image data of an
inside of the test body for each frame based on the
received signals sequentially received by the receiver
unit, and, every time when the image data of each frame
is created, to at least create synthetic image data
obtained by synthesizing image data of two consecutive
frames with each other.

9. The ultrasound diagnostic device according to claim 3,
wherein the control unit sets pixel data of a pixel in the
synthetic image data, the pixel data corresponding to a por-
tion where there is no change of a pixel between the image
data of the latest frame and the image data of the third frame,
to pixel data of a pixel in the image data of the latest frame, the
pixel data corresponding to the pixel.

10. The ultrasound diagnostic device according to claim 4,
wherein the control unit sets pixel data of a pixel in the
synthetic image data, the pixel data corresponding to a por-
tion where there is no change of a pixel between the image
data of the latest frame and the image data of the third frame,
to pixel data of a pixel in the image data of the latest frame, the
pixel data corresponding to the pixel.

11. The ultrasound diagnostic device according to claim 3,
wherein the control unit determines whether or not two pixels
adjacent to each other in the azimuth direction in the image
data of the second latest frame, the two pixels serving as
determination subject pixels, satisfy a predetermined corre-
lation condition, and when the correlation condition is satis-
fied as a result of the determination, sets pixel data of a pixel
to be arranged between two pixels in the synthetic image, the
pixels corresponding to the determination subject pixels, to
one created based on pixel data related to the determination
subject pixels.

12. The ultrasound diagnostic device according to claim 4,
wherein the control unit determines whether or not two pixels
adjacent to each other in the azimuth direction in the image
data of the second latest frame, the two pixels serving as
determination subject pixels, satisfy a predetermined corre-
lation condition, and when the correlation condition is satis-
fied as a result of the determination, sets pixel data of a pixel
to be arranged between two pixels in the synthetic image, the
pixels corresponding to the determination subject pixels, to
one created based on pixel data related to the determination
subject pixels.
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