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(7) ABSTRACT

An ultrasonic diagnostic device is provided. The device
includes a transmission control unit configured to generate a
first ultrasonic wave and a second ultrasonic wave for detect-
ing movement of a physical object in a biological tissue,
wherein values of transmission parameters of repetitively
transmitted first ultrasonic waves that are relevant to move-

(22)  Filed: Dec. 19, 2014 ment of the physical object are different from one another.
. ©o - The device further includes a decision unit configured to
(30) Foreign Application Priority Data determine presence or absence of movement of the physical
Dec. 24,2013 (JP) covovoooereeeeessereeeessene 2013265015 object, and a display image control unit configured to gener-
’ ate an image according to the value of the transmission
Publication Classification parameter of the first ultrasonic wave in a case where the
decision unit decides that movement is present, or a predeter-
(51) Imt.CL mined value in a case where the decision unit decides that
A61B 8/00 (2006.01) movement is absent and the value of the transmission param-
A61B 8/08 (2006.01) eter of first ultrasonic wave has reached the predetermined
AG6IB 8/14 (2006.01) value.
]
3 4 5 “
{ { { {
TRANSMISSION ECHO DATA DISPLAY DISPLAY
~» AND RECEPTION -3 PROCESSING — CONTROL — UNIT
BEAM FORMER UNIT UNIT
A A A A
1
¥
MEMORY CONTROL | | OPERATION
UNIT UNIT UNIT
(} ) ) )
9 8 7
2



Patent Application Publication  Jun. 25,2015 Sheet 1 of 9 US 2015/0173717 Al

1
J
¥
3 4 5 6
¢ { { {
TRANSMISSION ECHO DATA DISPLAY DISPLAY
~#= AND RECEPTION - PROCESSING = CONTROL — UNIT
BEAM FORMER UNIT UNIT
A A A A
i
¥
MEMORY s CONTROL | ” OPERATION
UNIT UNIT UNIT

7 ) j }

)
9 9 8 7



Patent Application Publication  Jun. 25,2015 Sheet 2 of 9 US 2015/0173717 Al

FIG. 2

ECHO DATA PROCESSING UNIT [ 4

B-MODE PROCESSING UNIT 41

DOPPLER PROCESSING UNIT 142

FIG. 3
DISPLAY CONTROL UNIT 5
SCAN CONVERTER S
DECISION UNIT L 52
DISPLAY IMAGE CONTROL UNIT 153




Patent Application Publication  Jun. 25,2015 Sheet 3 of 9 US 2015/0173717 Al

FlG. 4
( START )

¥
DISPLAY COF B-MODE

IMAGE Bl SETTING OF Pt
DETECTION REGION R

2
s

TRANSMISSION OF FIRST  |_~S2
ULTRASONIC WAVE W1
S7
¢ -~
TRANSMISSION OF SECOND | g3 CHANGE OF
ULTRASONIC WAVE W2, - TRANSMISSION
RECEPTION OF ECHO SIGNAL PARAMETER
IND
P S5
CREATI <

OF BOPPLER TRANSMISSION™

<~ DATA, IS MOVEMENT OF ™ .~ PARAMETER REACH -
. PHYSICAL OBJECT ~ PREDETERMINED

PRESENT 7 o VALUE 7
~. ? R

Tves YES

STORAGE OF 36
TRANSMISSION PARAMETER |~

'

DISPLAY OF COLOR IMAGE ¢l 58

( END )




Patent Application Publication  Jun. 25,2015 Sheet 4 of 9 US 2015/0173717 Al

FIG. 5

e -

:m N




Patent Application Publication  Jun. 25,2015 Sheet 5 of 9 US 2015/0173717 Al

FIG. 7
Cl
—~{-BI
\\\‘
j
R
{
6
FIG. 8
DISPLAY CONTROL UNIT 5
SCAN CONVERTER L 51

DISPLAY IMAGE CONTROL UNIT .1 54

EVALUATION UNIT T~ 153




Patent Application Publication  Jun. 25,2015 Sheet 6 of 9 US 2015/0173717 Al

FIG. 9

( START )

ki

DISPLAY OF B-MODE IMAGE Bl 3511
SETTING OF DETECTION REGION R

A

TRANSMISSION OF FIRST 519
ULTRASONIC WAVE W1 -

¥

TRANSMISSION OF SECOND
ULTRASONIC WAVE W2, 513
RECEPTION OF ECHO SIGNAL

¥

CREATION OF DOPPLER DATA,
EVALUATION FOR TISSUE 514
CHARACTERIZATION

¥
DISPLAY OF COLOR IMAGE o1 | S18




Patent Application Publication  Jun. 25,2015 Sheet 7 of 9 US 2015/0173717 Al

FIG. 10
DISPLAY GONTROL UNIT 5
SCAN CONVERTER |51

DISPLAY IMAGE CONTROL UNIT 7~-1-53

EVALUATION UNIT 54

MOVEMENT DETECTION UNIT  74-55




Patent Application Publication  Jun. 25,2015 Sheet 8 of 9 US 2015/0173717 Al

FIG. 11
< START >
¥
DISPLAY OF B-MODE IMAGE Bi, 521

SETTING OF DETECTION REGION R

¥

TRANSMISSION OF FIRST 522
ULTRASONIC WAVE Wi

TRANSMISSION OF SECOND
ULTRASONIC WAVE W2, 523
RECEPTION OF ECHO SIGNAL

l

CREATION OF B-MODE IMAGE DATA, | ~524
TRACKING OF DETECTION REGION R

Y

EVALUATION FOR TISSUE 525
CHARACTERIZATION

¥

DISPLAY OF COLOR IMAGE ¢ L—526

C END >




Patent Application Publication  Jun. 25,2015 Sheet 9 of 9 US 2015/0173717 Al

FIG. 12

ECHO DATA PROCESSING UNIT ~4

B-MODE PROCESSING UNIT - 41

B-FLOW PROCESSING UNIT ~-43




US 2015/0173717 Al

ULTRASONIC DIAGNOSTIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2013-265015 filed Dec. 24, 2013,
which is hereby incorporated by reference in its entirety.

BACKGROUND

[0002] The present invention relates to an ultrasonic diag-
nostic device that displays an image that makes tissue char-
acterizations distinguishable.

[0003] In an ultrasonic diagnostic device, an ultrasonic
image such as a B-mode image or the like is created on the
basis of an echo signal obtained by performing transmission
of an ultrasonic wave 1o a test object. Then, a diagnosis for
presence or absence of, for example, a mass is made on the
basis of this ultrasonic image (see, for example, Japanese
Patent Application Laid-Open No. 2004-41617).

[0004] Incidentally, there are cases when it is difficult to
distinguish whether it is a mass or a tissue characterization
other than that through simple observation of the B-mode
image. For example, in the mammary gland, a concentrated
cyst is the one that moisture in a secretion of the mammary
gland is absorbed and fat content and so forth are left in large
quantities. There are cases when it is difficult to distinguish
such a concentrated cyst from the mass on the B-mode image.
On the other hand, there are cases when even the mass looks
like the cyst on the B-mode image. As described above, there
are cases when distinction of the mass from the concentrated
cystis difficult on the B-mode image. Besides this, in the liver,
distinction of a hepatic hemangioma from a hepatocarcinoma
on the B-mode image is difficult.

BRIEF DESCRIPTION

[0005] A physical object moves or does not move in accor-
dance with the tissue characterization in the biological tissue
to which the ultrasonic wave has been transmitted. Specifi-
cally, in a first aspect, an ultrasonic diagnostic device is pro-
vided. The ultrasonic diagnostic device is characterized by
including a transmission control unit that makes a first ultra-
sonic wave and a second ultrasonic wave for detecting move-
ment of a physical object in a biological tissue induced by the
first ultrasonic wave transmit from an ultrasonic probe to the
biological tissue alternately and repetitively, wherein values
of transmission parameters of the aforementioned repeti-
tively transmitted first ultrasonic wave, that is, the values of
the transmission parameters relevant to movement of the
aforementioned physical object are mutually different, a deci-
sion unit that decides presence or absence of movement of the
aforementioned physical object on the basis of an echo signal
obtained by transmission of the second ultrasonic wave for
every transmission of the aforementioned second ultrasonic
wave corresponding to the aforementioned first ultrasonic
wave and a display image control unit that makes an image
according to the value of the transmission parameter of the
aforementioned first ultrasonic wave in a case where it has
been decided that movement of the aforementioned physical
object is present by the decision unit or the predetermined
valuein a case where it has been decided that movement of the
aforementioned physical object is absent by the aforemen-
tioned decision unit and the value of the transmission param-
eter of the aforementioned first ultrasonic wave has reached
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the predetermined value for terminating transmission of the
aforementioned first ultrasonic wave display.

[0006] Here, that one transmission of the aforementioned
first ultrasonic wave and a plurality of transmissions of the
aforementioned second ultrasonic wave are repeated a plural-
ity of times is included in that the aforementioned transmis-
sion control unit makes the aforementioned first ultrasonic
wave and the aforementioned second ultrasonic wave trans-
mit alternately and repetitively, in addition to that one trans-
mission of the aforementioned first ultrasonic wave and one
transmission of the aforementioned second ultrasonic wave
are repeated a plurality of times.

[0007] Inasecondaspect, anultrasonic diagnostic device is
provided. The ultrasonic diagnostic device is characterized
by including a transmission control unit that makes a first
ultrasonic wave transmit from an ultrasonic probe to a bio-
logical tissue and makes a second ultrasonic wave transmit
from the aforementioned ultrasonic probe after this first ultra-
sonic wave has been transmitted, a detection unit that detects
presence or absence of movement of a physical object in the
aforementioned biological tissue by the aforementioned first
ultrasonic in a two-dimensional region on the basis of an echo
signal obtained by transmission of the aforementioned sec-
ond ultrasonic wave, an evaluation unit that performs an
evaluation for a tissue characterization regarding a part of
interest of the aforementioned biological tissue on the basis of
detection by this detection unit and a display image control
unit that makes an image according to the evaluation by this
evaluation unit display.

[0008] According to the first aspect, the image according to
the value of the transmission parameter of the aforementioned
first ultrasonic wave in the case where it has been decided that
movement of the aforementioned physical object is present
by the decision unit or the predetermined value in the case
where it has been decided that movement of the aforemen-
tioned physical object is absent by the aforementioned deci-
sion unit and the value of the transmission parameter of the
aforementioned first ultrasonic wave has reached the prede-
termined value for terminating transmission of this first ultra-
sonic wave is displayed. Therefore, in a case where move-
ment of the physical object is detected or not detected due to
a difference in tissue characterization in the aforementioned
biological tissue to which the aforementioned first ultrasonic
wave has been transmitted, the tissue characterization can be
distinguished from another by the aforementioned image.
[0009] According to the second aspect, the evaluation for
the tissue characterization regarding the part of interest of the
aforementioned biological tissue is performed on the basis of
detection of movement of the physical object in the two-
dimensional region in the aforementioned biological tissue
by the aforementioned first ultrasonic wave and the image
according to this evaluation is displayed. Therefore, in the
case where movement of the physical object is detected or not
detected due to the difference in tissue characterization, the
tissue characterization can be distinguished from another by
the aforementioned image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram showing a schematic
configuration of an exemplary ultrasonic diagnostic device.
[0011] FIG. 2is ablock diagram showing a configuration of
an echo data processing unit.

[0012] FIG. 3is ablockdiagram showing a configuration of
a display control unit.
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[0013] FIG. 4 is a flowchart showing an operation of a first
embodiment.
[0014] FIG. 5 is a diagram showing a display unit that a

detection region has been set on a B-mode image.

[0015] FIG. 6 is an explanatory diagram showing flow of a
structure in a cyst.

[0016] FIG. 7 is a diagram showing a display unit that a
color image has been displayed.

[0017] FIG.8isablockdiagram showing a configuration of
a display control unit in a second embodiment.

[0018] FIG. 9 is a flowchart showing an operation of the
second embodiment.

[0019] FIG.101s a block diagram showing a configuration
of a display control unit in a third embodiment.

[0020] FIG. 11 is a flowchart showing an operation of the
third embodiment.

[0021] FIG. 12 is a diagram showing a configuration of
another example of the echo data processing unit.
DETAILED DESCRIPTION
[0022] In the following, exemplary embodiments will be
described.
First Embodiment
[0023] First, afirstembodiment will be described. An ultra-

sonic diagnostic device 1 shown in FIG. 1 is provided with an
ultrasonic probe 2, a transmission and reception beam former
3, an echo data processing unit 4, a display control unit 5, a
display unit 6, an operation unit 7, a control unit 8 and a
memory unit 9.

[0024] The aforementioned ultrasonic probe 2 transmits an
ultrasonic wave to a biological tissue of a test object and
receives an echo signal thereof. In the ultrasonic wave to be
transmitted by this ultrasonic probe 2, a first ultrasonic wave
and a second ultrasonic wave that detects movement of the
biological tissue induced by this first ultrasonic wave are
included. Details will be described later.

[0025] The aforementioned transmission and reception
beam former 3 makes the aforementioned ultrasonic probe 2
drive on the basis of a control signal from the aforementioned
control unit 8 and makes it transmit the aforementioned first
ultrasonic and the aforementioned second ultrasonic wave
having predetermined transmission parameters. In addition,
the transmission and reception beam former 3 performs sig-
nal processing such as phasing addition processing and so
forth on the echo signal of the ultrasonic wave. The afore-
mentioned transmission and reception beam former 3 and the
aforementioned control unit 8 are one example of an embodi-
ment of a transmission control unit.

[0026] Theaforementioned echo data processing unit 4 has
aB-mode processing unit 41 and a Doppler processing unit 42
as shown in FIG. 2. The aforementioned B-mode processing
unit 41 performs B-mode processing such as logarithmic
compression processing, envelope detection processing and
so forth on echo data output from the aforementioned trans-
mission and reception beam former 3 to create B-mode data.
[0027] Inaddition, the aforementioned Doppler processing
unit 42 performs Doppler processing on the echo data output
from the aforementioned transmission and reception beam
former 3 to create Doppler data. The Doppler processing
includes orthogonal detection processing, filtering and so
forth.
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[0028] The aforementioned Doppler processing unit 42
performs, for example, color Doppler processing for creating
a color Doppler image. However, the aforementioned Dop-
pler processing unit 42 may perform pulse Doppler process-
ing for creating an image by a pulse Doppler method and may
perform continuous wave Doppler processing for creating an
image by a continuous wave Doppler method.

[0029] Theaforementioned B-mode processing unit 41 and
the aforementioned Doppler processing unit 42 perform the
aforementioned B-mode processing and the aforementioned
Doppler processing on the basis of the echo data obtained by
transmission of the aforementioned second ultrasonic wave.
[0030] The aforementioned display control unit 5 has a
scan converter 51, a decision unit 52 and a display image
control unit 53 as shown in FIG. 3. The aforementioned scan
converter 51 scan-converts the aforementioned B-mode data
to create B-mode image data.

[0031] The aforementioned decision unit 52 decides pres-
ence or absence of movement of the physical object in the
biological tissue by transmission of the first ultrasonic wave
on the basis of the aforementioned Doppler data. Details will
be described later. The aforementioned decisionunit 52 is one
example of an embodiment of a decision unit.

[0032] The aforementioned display unit 6 is an LCD (Lig-
uid Crystal Display), an organic EL (Electro-Luminescence)
display and so forth. Though not shown in the drawing in
particular, the aforementioned operation unit 7 is configured
by including a keyboard, a pointing device such as a trackball
and so forth and others in order that an operator inputs instruc-
tions and information.

[0033] Though not shown in the drawing in particular, the
aforementioned control unit 8 is configured by having a CPU
(Central Processing Unit). This control unit 8 reads out a
control program stored in the aforementioned memory unit 9
and makes it execute a function of each unit of the aforemen-
tioned ultrasonic diagnostic device 1. The aforementioned
ultrasonic diagnostic device 1 is provided with a configura-
tion as a computer.

[0034] The aforementioned memory unit 9 is an HDD
(Hard Disk Drive) or a semiconductor memory such as a
RAM (Random Access Memory), a ROM (Read Only
Memory) and so forth.

[0035] Next, the operation of the ultrasonic diagnostic
device 1 ofthe present example will be described on the basis
of aflowchart in FIG. 4. The flowchart in FIG. 4 is a flowchart
for making an image for discriminating the tissue charactet-
ization of an observation object in the biological tissue of the
test object display from another. In the present example,
discrimination as to the tissue characterization is discrimina-
tion as to whether it is the mass or the concentrated cyst in a
mamma and discrimination as to the degree of concentration
of the cyst. In addition, discrimination as to the tissue chat-
acterization may be discrimination as to whether it is the mass
or the hepatic hemangioma in the liver.

[0036] First, in step S1, the operator brings the aforemen-
tioned ultrasonic probe 2 into abutment on the body surface of
the test object and performs transmission and reception of the
ultrasonic wave to and from the biological tissue by this
aforementioned ultrasonic probe 2 in order to make a B-mode
image display. Thereby, a B-mode image BI is displayed on
the aforementioned display unit 6 as shown in FIG. 5. In
addition, the operator sets a detection region R on the afore-
mentioned B-mode image BI by using the aforementioned
operation unit 7.
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[0037] Theaforementioned detection region R isa region to
be an object for detecting presence or absence of movement
of the physical object in the biological tissue by transmission
of the first ultrasonic wave as described later. The aforemen-
tioned detection region R is set on an object (an observation
object) that a person who will make a diagnosis wishes to
discriminate the tissue characterization thereof from another.
[0038] Next, in step S2, the operator performs input of a
detection mode for movement of the physical object by the
aforementioned operation unit 7. Thereby, the aforemen-
tioned control unit 8 makes a first ultrasonic wave W1 trans-
mit from the aforementioned ultrasonic probe 2 to the bio-
logical tissue. This first ultrasonic wave W1 is a pulse wave
having a value of a predetermined transmission parameter.
The aforementioned first ultrasonic wave W1 is transmitted
such that a beam thereof passes through the aforementioned
observation object or the vicinity of the observation object.
[0039] Next, in step S3, the aforementioned control unit 8
makes a second ultrasonic wave W2 transmit from the afore-
mentioned ultrasonic probe 2 to the biological tissue to which
the aforementioned first ultrasonic wave W1 has been trans-
mitted in the aforementioned step S2. Then, the aforemen-
tioned ultrasonic probe 2 receives the echo signal of the
aforementioned second ultrasonic wave W2. This second
ultrasonic wave W2 is an ultrasonic wave of a color Doppler
mode. Transmission and reception of the aforementioned sec-
ond ultrasonic wave W2 are performed so as to include the
aforementioned detection region R. In this step S3, transmis-
sion of the aforementioned second ultrasonic wave W2 and
reception of the echo signal thereof are performed by one
frame. That is, in this step S3, transmission and reception of
the aforementioned second ultrasonic wave are performed a
plurality of times.

[0040] Next, in step Sd, the aforementioned Doppler pro-
cessing unit 42 creates the Doppler data on the basis of the
echo signal obtained in the aforementioned step S3. Then, the
aforementioned decision unit 52 decides presence or absence
of movement of the physical object in the aforementioned
detection region R on the basis of this Doppler data.

[0041] Decision by the aforementioned decision unit 52
and the physical object in the biological tissue will be
described by giving a case where the aforementioned detec-
tion region R has been set on the observation object of the
mamma by way of example. [n FIG. 6, in a case where an
observation object O was the cyst, a grained structure X is
present in the cyst. This structure X is fat content and so forth
and has fluidity. The aforementioned structure X flows by the
aforementioned first ultrasonic wave W1, for example, as
shown by an arrow (only movement of one structure X is
shown). The aforementioned structure X is one example of
the aforementioned physical object.

[0042] However, the fluidity of the structure X is varied
depending on the degree of concentration of the cyst. Specifi-
cally, since the higher the degree of concentration of the cyst
becomes (moisture is reduced), the higher the density of the
structures X becomes, the fluidity of the structure X becomes
lower. On the other hand, since the lower the degree of con-
centration of the cyst becomes (the moisture is increased), the
lower the density of the structures X becomes, the fluidity of
the structure X becomes higher.

[0043] Whether the structure X flows or not by transmis-
sion of the aforementioned first ultrasonic wave W1 is deter-
mined by two conditions of a state in the cyst relevant to the
fluidity of the structure and values of the transmission param-
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eters of the aforementioned first ultrasonic wave W1. The
transmission parameters so called here are parameters rel-
evant to flow of the structure by the ultrasonic wave and are
such as a voltage (a transmission voltage) to be applied to an
ultrasonic transducer upon transmission, a transmission fre-
quency, a pulse length of the ultrasonic wave and so forth.
Specifically, the higher the transmission voltage becomes, the
lower the transmission frequency becomes or the longer the
pulse length becomes, the more the ultrasonic wave can make
the structure flow even when the fluidity of the structure is
low. Conversely, the lower the transmission voltage becomes,
the higher the transmission frequency becomes or the shorter
the pulse length becomes, the more the ultrasonic wave can-
not make the structure flow unless the fluidity of the structure
is high.

[0044] The aforementioned structure X is present in the
aforementioned observation object O, and if this flows by the
aforementioned first ultrasonic wave W1, flow velocity data
and so forth indicating that the aforementioned structure X is
flowing can be obtained as the aforementioned Doppler data.
On the other hand, in a case where although the aforemen-
tioned structure X is present in the aforementioned observa-
tion object O, it is not flowing or, to begin with, the afore-
mentioned structure X was not present in the aforementioned
observation object O, the flow velocity data and so forth
indicating that the aforementioned structure X is flowing
cannot be obtained as the Doppler data. For example, the
structure X that flows by the first ultrasonic wave W1 is not
present in the mass and the flow velocity data cannot be
obtained. Therefore, the aforementioned decision unit 52
decides presence or absence of movement of the physical
object on the basis of the aforementioned Doppler data.
[0045] Incidentally, although a case where the aforemen-
tioned observation object is the cyst is shown in FIG. 6, the
flow velocity data and so forth indicating that the hepatic
hemangioma is moving can be obtained as the Doppler data
also in a case where the hepatic hemangioma has moved by
the first ultrasonic wave.

[0046] Inthe aforementioned step S4, in a case where it has
been decided that movement of the physical object is present
by the aforementioned decision unit 52 (“NO” in the afore-
mentioned step S4), it proceeds to the process of step S5. On
the other hand, in a case where it has been decided that
movement of the physical object is absent by the aforemen-
tioned decision unit 52 (“YES” in the aforementioned step
S4), it proceeds to the process of step S6.

[0047] In the aforementioned step S5, the aforementioned
control unit 8 decides whether values of the transmission
parameters relevant to movement of the physical object such
as the transmission voltage, the transmission frequency, the
pulse length and so forth in the transmission parameters of the
aforementioned first ultrasonic wave W1 have reached pre-
determined values that have been set in advance. In this step
S8, in a case where it has been decided that the values of the
aforementioned transmission parameters do not reach the
predetermined values so set in advance (“NO” in the afore-
mentioned step S5), it proceeds to the process of step S7. On
the other hand, in a case where it has been decided that the
values of the aforementioned transmission parameters have
reached the predetermined values so set in advance (“YES” in
the aforementioned step S5), it proceeds to the process of step
S6.

[0048] In the aforementioned step S7, the aforementioned
control unit 8 changes the values of the transmission param-
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eters relevant to movement of the physical object such as the
transmission voltage, the transmission frequency, the pulse
length and so forth in the transmission parameters of the first
ultrasonic wave W1 to be transmitted the next. Specifically,
the aforementioned control unit 8 changes the values of the
transmission parameters so as to make movement of the
physical object easier. For example, the aforementioned con-
trol unit 8 makes the transmission voltage higher than that
upon transmission of the latest first ultrasonic wave W1. In
addition, the aforementioned control unit 8§ may make the
transmission frequency lower than that upon transmission of
the latest first ultrasonic wave W 1. In addition, the aforemen-
tioned control unit 8 may set the values of the transmission
parameters such that the pulse length becomes longer than
that upon transmission of the latest first ultrasonic wave W1.
[0049] The values of the transmission parameters to be
changed in the aforementioned step S7 may be stored in
advance. In this case, the values of the transmission param-
eters are stored together with the order in which they are set.
For example, V1, V2, . .., V(N-1) and VN (N: a natural
number) are stored to be changed in this order as the trans-
mission voltage (V1<V2,...,V(N-1)<VN). In addition, F1,
F2,...,F(N-1)and FN (N: a natural number) are stored to be
changed in this order as the transmission frequency (F1>F2,
..., F(N=1)>FN). In addition, the values of the transmission
parameter corresponding to the respective pulse lengths are
stored such that the pulse length is changed in order of 1.1,1.2,
..., L(N=-1)and LN (N: a natural number) (L1<L2, ...,
L(N-1)<LN)

[0050] It is desirable that the values of the transmission
parameters (the aforementioned transmission voltage V1, the
aforementioned transmission frequency F1 and the afore-
mentioned pulse length 1) of the aforementioned first ultra-
sonic wave W1 to be firstly transmitted be set to values that in
a case where the aforementioned observation object O is the
cyst, the physical object moves in a case where the degree of
concentration is low to some extent and the physical object
does not move in a case where the degree of concentration is
high to some extent. Since movement of the physical object is
detected or not detected in accordance with the degree of
concentration of the cyst by setting them to such values, an
image according to the degree of concentration of the cyst can
be obtained as a later described color image CI.

[0051] When the values of the transmission parameters are
changed in the aforementioned step S7, it returns to the afore-
mentioned step S2. In this step S2, transmission of the first
ultrasonic wave W1 having the changed values of the trans-
mission parameters is performed. Then, the processes of the
aforementioned steps S2, S3, S4, S5 and S7 are repeated.
[0052] Incidentally, the predetermined values so set in
advance that are the values of the transmission parameters
serving as standards of decision are the tail-end values (the
values of the transmission parameters for terminating trans-
mission of the first ultrasonic wave W1) of the transmission
parameters in the values of the transmission parameters to be
changed in the aforementioned step S7. For example, the
predetermined value so set in advance in the transmission
voltage is the aforementioned transmission voltage VN, the
predetermined value so set in advance in the transmission
frequency is the aforementioned transmission frequency FN.
In addition, the predetermined value so set in advance in the
pulse length is the aforementioned pulse length LN.

[0053] In acase where it has been decided that movement
of the physical object is present in the aforementioned step
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S4, the values of the transmission parameters (the transmis-
sion voltage, the transmission frequency, the pulse length and
so forth) relevant to movement of the physical object in the
values of the transmission parameters of the latest first ultra-
sonic wave are stored into the aforementioned memory unit 9
in step S6.

[0054] In addition, in a case where it has been decided that
the values of the transmission parameters reach the predeter-
mined values in the aforementioned step S5, looping of the
processes of the aforementioned steps S2, S3, S4, S5 and S7
is terminated and it proceeds to the process of the aforemen-
tioned step S6. In this step S6, the predetermined values so set
in advance (the aforementioned transmission voltage VN, the
transmission frequency FN and the aforementioned pulse
length LN) that are the values of the transmission parameters
serving as the standards of decision in the aforementioned
step S5 are stored into the aforementioned memory unit 9.
The predetermined value so set in advance that is the value of
the transmission parameter serving as the standard of deci-
sion in the aforementioned step S5 and to be stored in the
aforementioned step S6 is one example of an embodiment of
that predetermined value in the case where it has been decided
that movement of the aforementioned physical object is
absent by the decision unit and the value of the transmission
parameter of the first ultrasonic wave has reached the prede-
termined value for terminating transmission of the first ultra-
sonic wave.

[0055] When storage of the values of the transmission
parameters is performed in step S6, it proceeds to the process
of step S8. In this step S8, the aforementioned display image
control unit 53 makes the color image CI having a color
according to the values of the transmission parameters stored
in the aforementioned step S6 display on the aforementioned
display unit 6 as shown in FIG. 7.

[0056] The aforementioned color image Cl is displayed in
the aforementioned detection region R. However, it is not
limited to this. The aforementioned color image CI may be
displayed so as to overlay the B-mode image BI (in a state that
the background B-mode image Bl is not seen through it). In
addition, the aforementioned color image CI may be dis-
played by being synthesized with the B-mode image BI (ina
state that the background B-mode image BI is seen through
it).

[0057] Inacasewhere, forexample, V1 to VN are stored as
the transmission voltage, F1to FN are stored as the transmis-
sion frequency and L1 to LN are stored as the pulse length, the
color of the aforementioned color image CI is set to N in
accordance with the number N of the aforementioned param-
eters so stored.

[0058] According to the first embodiment, since the value
of the transmission parameter is changed in turn so as to make
movement of the physical object easier and the color image
CI having the color according to the value of the transmission
parameter of the first ultrasonic wave W1 when movement of
the physical object has been detected or that predetermined
value in the case where it has been decided that movement of
the physical object is absent and the value of the transmission
parameter of the first ultrasonic wave W1 has reached the
predetermined value for terminating transmission of the first
ultrasonic wave W1 is displayed, the tissue characterization
can be distinguished from another in accordance with the
color of this color image CI. Specifically, whether the obser-
vation object is the cystor the mass can be seen from the color
of the aforementioned colorimage CI and in additionina case
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where the observation object was the cyst, the degree of
concentration of the cyst can be seen. In addition, whether it
is the hepatic hemangioma or the mass can be seen.

[0059] Incidentally, in the first embodiment, the image
according to the value of the transmission parameter of the
first ultrasonic wave W1 in the case where it has been decided
that movement of the aforementioned physical object is
present or the value of the transmission parameter for termi-
nating transmission of the first ultrasonic wave W1 may be
displayed on the aforementioned display unit 6. For example,
the aforementioned display image control unit 53 may make
a numeral of 1 to N according to the aforementioned trans-
mission parameter display on the aforementioned display unit
6 in place of the aforementioned color image CI. In this case,
the numerical image is one example of an embodiment of an
image to be displayed by a display image control unit.
[0060] Inthe first embodiment, the processes of steps S1 to
S7 may be repeated a plurality of times and the value of the
transmission parameter may be stored a plurality of times in
the aforementioned step S6. In this case, the color image CI
based on the plurality of stored values of the transmission
parameter may be displayed. For example, an average value
of the plurality of the stored transmission parameters may be
calculated and the color image CI according to this average
value may be displayed.

Second Embodiment

[0061] Next, an ultrasonic diagnostic device of a second
embodiment will be described. In the following, matters dif-
ferent from those in the first embodiment will be described.
[0062] As shown in FIG. 8, in the second embodiment, the
aforementioned display control unit 5 has an evaluation unit
54 in additionto the aforementioned scan converter 51 and the
aforementioned display image control unit 53.

[0063] The operation of the second embodiment will be
described on the basis of a flowchart in F1G. 9. Steps S11 to
S13 are the same as the aforementioned steps S1 to S3 in the
first embodiment. However, the value of the transmission
parameter of the first ultrasonic wave W1 to be transmitted in
the aforementioned step S12 is set to a value that makes it
possible to move the physical object. For example, the value
of the transmission parameter of this first ultrasonic wave W1
is set to the value that makes it possible to move the physical
object in the cyst that is high in degree of concentration to
some extent and is difficult in distinction from the mass on the
B-mode image.

[0064] Instep S14, similarly to the aforementioned step S4
of the first embodiment, the aforementioned Doppler pro-
cessing unit 42 creates the Doppler data on the basis of the
echo signal obtained in the aforementioned step S3. Here, the
Doppler data is the color Doppler data. If the physical object
is moving by the aforementioned first ultrasonic wave W1,
the color Doppler data can be obtained. The aforementioned
Doppler processing unit 42 is one example of an embodiment
of a detection unit that detects presence or absence of move-
ment of the physical object in the two-dimensional region. In
addition, the aforementioned evaluation unit 54 performs an
evaluation for the tissue characterization regarding the part of
interest of the aforementioned biological tissue on the basis of
the aforementioned Doppler data. The aforementioned evalu-
ation unit 54 is one example of an embodiment of an evalu-
ation unit.

[0065] The evaluation by the aforementioned evaluation
unit 54 will be described. For example, the aforementioned
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evaluation unit 54 performs the evaluation according to the
size of a region from which the aforementioned Doppler data
has been obtained in the aforementioned detection region R.
The size of the region from which the aforementioned Dop-
pler datahas been obtained is, for example, a number of pixels
from which the Doppler data has been obtained, a ratio of the
number of pixels from which the Doppler data has been
obtained to the total number of pixels in the aforementioned
measurement region R or the like. The aforementioned evalu-
ation unit 54 determines a level relevant to the tissue charac-
terization in accordance with the size of the region from
which the aforementioned Doppler data has been obtained.
This level is, for example, alevel 1 to N (where N is a natural
number larger than 1).

[0066] Forexample, the levels 1 to N indicate the degree of
concentration of the cyst and distinction as to whether it is the
cyst or the mass. In this case, the level 1 indicates that the
degree of concentration of the cyst is the lowest (the degree of
fluidity s large) and they indicate that the more the numeral of
the level is increased to the level 2, 3, . . ., the higher the
degree of concentration is. Then, the level N indicates that it
is the mass. Accordingly, the more the number of pixels from
which the Doppler data has been obtained is increased, the
smaller the numerical value of the level becomes, on the other
hand, the more the number of pixels from which the Doppler
data has been obtained is reduced, the larger the numerical
value of the level becomes. The level N is the level in a case
where the Doppler data indicating the flow velocity and so
forth is not obtained.

[0067] The aforementioned evaluation unit 54 may per-
form an evaluation according to a flow velocity value and a
variance value of the flow velocity obtained on the basis of the
aforementioned Doppler data. In this case, the aforemen-
tioned evaluation unit 54 calculates an average value of the
flow velocity values and a variance value of the flow velocity
of all pixels from which the Doppler datahas been obtained in
the aforementioned detection region R. Then, the aforemen-
tioned evaluation unit 54 determines the level 1 to N relevant
to the tissue characterization in accordance with the afore-
mentioned flow velocity value or the variance value. Specifi-
cally, since the larger the flow velocity value or the variance
value is, the higher the fluidity of the physical body is, the
numerical value of the level becomes smaller, on the other
hand, since the smaller the flow velocity value or the variance
value is, the lower the fluidity of the physical object is, the
numerical value of the level becomes larger.

[0068] Next, in step S15, the aforementioned display image
control unit 53 makes the color image CI having the color
according to the level determined by the aforementioned
evaluation unit 54 display on the aforementioned display unit
6.

[0069] According to the second embodiment, since the
color image CI having the color according to the evaluation
for the tissue characterization is displayed, the tissue charac-
terization can be distinguished from another in accordance
with the color of the aforementioned color image CI similarly
to the first embodiment.

[0070] Inthe second embodiment, the aforementioned sec-
ond ultrasonic wave W2 is an ultrasonic wave of a pulse
Doppler mode or a continuous wave Doppler mode, and the
aforementioned Doppler data may be Doppler data obtained
by pulse Doppler processing or Doppler data obtained by
continuous wave Doppler processing. In this case, the level 1
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to N relevant to the tissue characterization is determined in
accordance with the flow velocity value in the Doppler data.
[0071] In addition, in general, transmission and reception
ofthe ultrasonic waves for obtaining the color Doppler data of
one frame are performed a plurality of times for every sound
ray and a plurality of flow velocities are obtained in each
pixel. Therefore, the aforementioned evaluation unit 54 may
calculate the average value of the variance values of the flow
velocity of each pixel in the aforementioned detection region
R to determine the aforementioned level 1 to N in accordance
with the obtained average value.

Third Embodiment

[0072] Next, an ultrasonic diagnostic device of a third
embodiment will be described. In the following, the matters
different from those in the first and second embodiments will
be described.

[0073] As shown in FIG. 10, in the third embodiment, the
aforementioned display control unit 5 has a movement detec-
tion unit 55 in addition to the aforementioned scan converter
51, the aforementioned display image control unit 53 and the
evaluation unit 54.

[0074] The operation of the third embodiment will be
described on the basis of a flowchartin FIG. 11. Steps S21 and
S22 are the same as the steps S1 and S2, and S11 and S12 in
the aforementioned respective embodiments. The values of
the transmission parameters of the first ultrasonic wave W1 in
the aforementioned step S22 are the same as those in the step
S12 of the aforementioned second embodiment.

[0075] In step S23, the ultrasonic wave for the B-mode is
transmitted as the second ultrasonic wave W2 and the echo
signal thereofis received. Next, in step S24, B-mode data and
B-mode image data are created on the basis of the obtained
echo signal. Then, the aforementioned movement detection
unit 55 performs tracking on a speckle in the detection region
R set in the aforementioned step S1. This tracking process is
a process for tracking movement of the detection region R in
association with movement of the physical object in the bio-
logical tissue by transmission of the aforementioned first
ultrasonic wave W1. The aforementioned movement detec-
tion unit 55 is one example of the embodiment of the detec-
tion unit.

[0076] The aforementioned movement detection unit 55
performs a pattern matching process using correlation opera-
tion, for example, targeting on the B-mode image data of two
frames and performs tracking on the speckle in the aforemen-
tioned detection region R.

[0077] Next, in step S25, the aforementioned evaluation
unit 54 performs an evaluation for the tissue characterization
regarding the part of interest of the biological tissue on the
basis of a result of detection of movement of the aforemen-
tioned detection region R by the aforementioned movement
detection unit 55. For example, the aforementioned evalua-
tion unit 54 performs the evaluation according to a moving
distance of the aforementioned detection region R. In this
case, the aforementioned evaluation unit 54 determines the
level 1 to N relevant to the tissue characterization in accor-
dance with the magnitude of the aforementioned moving
distance similarly to the aforementioned second embodi-
ment. In the third embodiment, the larger the aforementioned
moving distance is, the smaller the numerical value of the
level becomes, on the other hand, the smaller the aforemen-
tioned moving distance is, the larger the numerical value of
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the level becomes. If the aforementioned moving distance is
zero, the level N will be reached.

[0078] Next, in step S26, the aforementioned display image
control unit 53 makes the color image CI having the color
according to the level determined by the aforementioned
evaluation unit 54 display on the aforementioned display unit
6 similarly to step S15 in the aforementioned second embodi-
ment (see FIG. 7).

[0079] According to the third embodiment, since the color
image CI having the color according to the evaluation for the
tissue characterization is displayed similarly to the second
embodiment, the tissue characterization can be distinguished
from another in accordance with the color of the aforemen-
tioned color image CI.

[0080] Although the disclosure has been described by the
aforementioned exemplary embodiments as mentioned
above, it goes without saying that the systems and methods
described herein can be modified in a variety of ways within
a range not changing the gist thereof. For example, in the
aforementioned second and third embodiments, the afore-
mentioned display image control unit 53 may make a char-
acter of the aforementioned level 1 to N determined by the
aforementioned evaluation unit 54 display on the display unit
6. In this case, the character image is one example of an
embodiment of the image to be displayed by a display image
control unit.

[0081] In addition, in the aforementioned each embodi-
ment, the aforementioned second ultrasonic wave W2 may be
an ultrasonic wave of not the Doppler mode but a B-flow
mode. In this case, as shown in FIG. 12, the aforementioned
echo data processing unit 4 has a B-flow processing unit 43 in
place of the aforementioned Doppler processing unit 42. This
B-flow processing unit 43 is one example of an embodiment
of the detection unit. In the aforementioned first embodiment,
the aforementioned decision unit 52 decides presence or
absence of movement of the physical object on the basis of
B-flow data obtained by the aforementioned B-flow process-
ing unit 43. In addition, in the aforementioned second
embodiment, it determines the level 1 to N relevant to the
tissue characterization in accordance with the size of the
region from which the aforementioned B-flow data has been
obtained in the aforementioned detection region R. Further, in
the aforementioned third embodiment, the aforementioned
movement detection unit 55 performs speckle tracking of the
aforementioned detection region R, targeting on the B-flow
image data of two frames obtained by scan-converting the
B-flow data by the scan converter 51. Then, the evaluation
based on a result of detection of movement of the aforemen-
tioned detection region R is performed.

[0082] In addition, in the aforementioned second embodi-
ment, transmission of the aforementioned first ultrasonic
wave W1 and transmission of the ultrasonic wave W2 corre-
sponding to it may be performed a plurality of times and the
aforementioned evaluation unit 54 may perform the evalua-
tion on the basis of the plurality of pieces of Doppler data or
the plurality of pieces of B-flow data obtained by the plurality
of these transmissions of the second ultrasonic wave W2. For
example, the aforementioned evaluation unit 54 may calcu-
late an average value of the sizes of the region from which the
aforementioned Doppler data or the aforementioned B-flow
data has been obtained, an average value of flow velocity
values, an average value of variance values of the flow veloc-
ity, an average value of averages of the variance values of the
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flow velocity and may determine the aforementioned level 1
to N in accordance with this average.
[0083] In addition, in the aforementioned third embodi-
ment, transmission of the aforementioned first ultrasonic
wave W1 and transmission of the second ultrasonic wave W2
corresponding to it may be performed a plurality of times, the
moving distance of the aforementioned detection region R
may be calculated in plural by the aforementioned movement
detection unit 55 and the aforementioned evaluation unit 54
may perform the evaluation on the basis of the plurality of
moving distances. For example, the aforementioned evalua-
tion unit 54 may calculate an average of the plurality of
moving distances and may determine the aforementioned
level 1 to N in accordance with this average.
1. An ultrasonic diagnostic device comprising:
a transmission control unit configured to generate a first
ultrasonic wave and a second ultrasonic wave for detect-
ing movement of a physical object in a biological tissue,
the movement induced by transmitting the first ultra-
sonic wave from an ultrasonic probe to the biological
tissue alternately and repetitively, wherein values of
transmission parameters of the repetitively transmitted
first ultrasonic wave that are relevant to movement of the
physical object are different from one another;
a decision unit configured to determine presence or
absence of movement of the physical object based on an
echo signal obtained by transmission of the second ultra-
sonic wave for every transmission of the second ultra-
sonic wave corresponding to the first ultrasonic wave;
and
a display image control unit configured to generate an
image according to:
the value of the transmission parameter of the first ultra-
sonic wave in a case where the decision unit decides
that movement of said physical object is present; or

a predetermined value in a case where the decision unit
decides that movement of said physical object is
absent and the value of the transmission parameter of
first ultrasonic wave has reached the predetermined
value that corresponds to terminating transmission of
the first ultrasonic wave.
2. The ultrasonic diagnostic device defined in claim 1,
wherein the second ultrasonic wave is an ultrasonic wave for
a Doppler mode or a B-flow.
3. The ultrasonic diagnostic device defined in claim 1,
further comprising:
amemory unit configured to store a plurality of at least any
of:
the value of the transmission parameter of the first ultra-
sonic wave in the case where the decision unit decides
that movement of said physical object is present; and

the predetermined value in the case where the decision
unit decides that movement of said physical object is
absent;

wherein the display image control unit is configured to
generate the image based on the plurality of values
stored in said memory unit.

4. The ultrasonic diagnostic device defined in claim 2,

further comprising:

amemory unit configured to store a plurality of at least any
of:
the value of the transmission parameter of the first ultra-

sonic wave in the case where the decision unit decides
that movement of said physical object is present; and
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the predetermined value in the case where the decision
unit decides that movement of said physical object is
absent;

wherein the display image control unit is configured to
generate the image based on the plurality of values
stored in said memory unit.

5. An ultrasonic diagnostic device comprising;

a transmission control unit configured to make a first ultra-
sonic wave transmit from an ultrasonic probe to a bio-
logical tissue and configured to make a second ultra-
sonic wave transmit from the ultrasonic probe after the
first ultrasonic wave has been transmitted;

adetection unit configured to detect presence or absence of
movement of a physical object in the biological tissue by
the first ultrasonic in a two-dimensional region based on
an echo signal obtained by transmission of the second
ultrasonic wave;

an evaluation unit configured to perform an evaluation for
a tissue characterization regarding a part of interest of
the biological tissue, the evaluation performed based on
the detection by the detection unit; and

a display image control unit configured to generate an
image according to the evaluation by the evaluation unit
display.

6. The ultrasonic diagnostic device defined in claim 5,
wherein processing for detecting presence or absence of
movement of the physical object by said detection unit is
color Doppler processing or B-flow processing, and wherein
said evaluation unit is configured to perform the evaluation
according to a size of a first region from which Doppler data
by the color Doppler processing has been obtained or second
aregion from which B-flow data by the B-flow processing has
been obtained.

7. The ultrasonic diagnostic device defined in claim 5,
wherein processing for detecting presence or absence of
movement of the physical object by said detection unit is
color Doppler processing, and wherein said evaluation unit is
configured to perform the evaluation according to a speed of
the physical object obtained by the color Doppler processing.

8. The ultrasonic diagnostic device defined in claim 5,
wherein processing for detecting presence or absence of
movement of the physical object by said detection unit is
color Doppler processing, and wherein said evaluation unit is
configured to perform the evaluation according to a variance
of a speed of said physical object obtained by the color Dop-
pler processing.

9. The ultrasonic diagnostic device defined in claim 5,
wherein processing for detecting presence or absence of
movement of the physical object by said detection unit is
processing for tracking movement of the two-dimensional
region in the biological tissue based on B-mode image data or
B-flow image data created based on an echo signal by trans-
mission of the second ultrasonic wave, and wherein said
evaluation unit is configured to perform the evaluation based
on a moving amount of the two-dimensional region.

10. The ultrasonic diagnostic device defined in claim 5,
wherein said transmission control unit is configured to make
the first ultrasonic wave and the second ultrasonic wave trans-
mit a plurality of times, wherein said detection unit is config-
ured to perform detection of presence or absence of move-
ment of the physical object a plurality of times, and wherein
said evaluation unit is configured to perform the evaluation
based on the plurality of detections by said detection unit.
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11. The ultrasonic diagnostic device defined in claim 6,
wherein said transmission control unit is configured to make
the first ultrasonic wave and the second ultrasonic wave trans-
mit a plurality of times, wherein said detection unit is config-
ured to perform detection of presence or absence of move-
ment of the physical object a plurality of times, and wherein
said evaluation unit is configured to perform the evaluation
based on the plurality of detections by said detection unit.

12. The ultrasonic diagnostic device defined in claim 7,
wherein said transmission control is configured to make the
first ultrasonic wave and the second ultrasonic wave transmit
a plurality of times, wherein said detection unit is configured
to perform detection of presence or absence of movement of
the physical object a plurality of times, and wherein said
evaluation unit is configured to perform the evaluation based
on the plurality of detections by said detection unit.

13. The ultrasonic diagnostic device defined in claim 8,
wherein said transmission control unit is configured to make
the first ultrasonic wave and the second ultrasonic wave trans-
mit a plurality of times, wherein said detection unit is config-
ured to perform detection of presence or absence of move-
ment of the physical object a plurality of times, and wherein
said evaluation unit is configured to perform the evaluation
based on the plurality of detections by said detection unit.

14. The ultrasonic diagnostic device defined in claim 9,
wherein said transmission control unit is configured to make
the first ultrasonic wave and the second ultrasonic wave trans-
mit a plurality of times, wherein said detection unit is config-
ured to perform detection of presence or absence of move-
ment of the physical object a plurality of times, and wherein
said evaluation unit is configured to perform the evaluation
based on the plurality of detections by said detection unit.
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15. An ultrasonic diagnostic device comprising:

a transmission control unit configured to make a first ultra-
sonic wave transmit from an ultrasonic probe to a bio-
logical tissue and configured to make a second ultra-
sonic wave of a pulse Doppler mode or a continuous
wave Doppler mode transmit from the ultrasonic probe
after the first ultrasonic wave has been transmitted;

a Doppler data creation unit configured to create Doppler
data based on an echo signal obtained by transmission of
the second ultrasonic wave;

an evaluation unit configured to perform an evaluation for
a tissue characterization regarding a part of interest of
the biological tissue based on the Doppler data; and

a display image control unit configured to generate an
image according to the evaluation by said evaluation
unit.

16. The ultrasonic diagnostic device defined in claim 15,
wherein said Doppler data creation unit is configured to cre-
ate Doppler data using orthogonal detection processing.

17. The ultrasonic diagnostic device defined in claim 15,
wherein said evaluation unit is configured to perform the
evaluation based on a flow velocity value of the Doppler data.

18. The ultrasonic diagnostic device defined in claim 15,
wherein said evaluation unit is configured to perform the
evaluation based on a variance value of a flow velocity of the
Doppler data.

19. The ultrasonic diagnostic device defined in claim 15,
wherein said Doppler data creation unit is configured to cre-
ate Doppler data using pulse Doppler processing.

20. The ultrasonic diagnostic device defined in claim 15,
wherein said Doppler data creation unit is configured to cre-
ate Doppler data using continuous wave Doppler processing.
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