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(57) ABSTRACT

An ultrasound diagnostic apparatus that can combine image
data and has a first image mode and a second image mode,
includes: a hardware processor that sets a scan parameter of
an image of a first image mode according to restriction
information of the scan parameter, when the second image
mode is turned on and generates control information; a
transmitter that generates a drive signal and inputs the drive
signal to an ultrasound probe that transmits transmission
ultrasound to a test object and receives reflected ultrasound;
a receiver that generates a reception signal of the images in
the first and second image modes from an electric signal
generated in the ultrasound probe; a first-image-mode image
generator that generates first-image-mode image data; a
second-image-mode image generator that generates second-
image-mode image data; and a combiner that generates
combined image data by combining the generated first-
image-mode image data and second-image-mode image
data.

{_FIRST ULTRASOUND DIAGNOSTIC PROCESS )

510
| SET PRESET PARAMETER s
v 81
i INPUT OPERATION TO TURN ON B MODE 3
¥ 817
[ TRANSMIT/RECEIVE ULTRASOUND FOR B-MODE IMAGE
1 813
[ GENERATE AND DISPLAY B MODE MAGE DATA ¥
' LS4
i INPUT OPERATICN TO TURN ON C MODE ¢
v 815
| STORE B-MODE IMAGE SCAN PARAMETER P
‘ s16
P
<=7 EXCEEDS RESTRICTION? ==
\N‘\ ,...—-’/’W/
IYES
TN YT —————— ot
CHANGE SCAN PARAMETER TO RESTRICTION LEVEL |
[
TRANSMIT/RECEIVE ULTRASGUND FOR <518
BMODE IMAGE AND C-MODE IMAGE
S * - " -519
GENERATE. COMBINE, AND DISPLAY B MODE so1
IMAGE DATA AND C-MODE IMAGE DATA
¥ w0
| INPUT OPERATION TO TURN OFF G MODE s
¥ 521

i RESET B-MODE SCAN PARAMETER TO STORED VALUE ,’/

END



Patent Application Publication Mar. 15,2018 Sheet 1 of 12 US 2018/0070924 A1

FIG. 1

100
2
f-/
OPERATOR
9
y
= CONTROLLER
&
10
Pl ¥ »-11
SN o
CONTROLLER STORAGE
101
191a 3 I
i ROI
TRANSDUCER |-= TRANSMITTER fes SETTING =
UNIT
L4 5 g 102
F —~ Jausl -~
3-MODE DISPLAY N
> RECENER |~ WAGE |-o-{PROCESSNG i DISPLAY
JLTRASOUND GENERATOR 'J:JI;
PROBE ; )
L
CAODE
B IMAGE
GENERATOR




US 2018/0070924 A1

Mar. 15,2018 Sheet 2 of 12

Patent Application Publication

81NN
ONISSH00 Hd e
AYISId 0L

I TE aen TqHNONGL = WITOMINOD BT oo
NOISEMOD I Jolsiel, = NOSENe WAL L NOIL3IE0
30viI30077) | L) AN L) ROLEES 1 LE v W00 | | WOSOHTH0
— Al Al A i
8l Ll 9l G/ ¢/ ¥
A
/

¢ Ol




US 2018/0070924 A1

Mar. 15,2018 Sheet 3 of 12

Patent Application Publication

440 40 | THL-®IH ¥ HO THL T ¢
0 HO | HL-RIH Y0 HO I i v
30 40 | JHL-RIH HO $H0 THL H g
40 40 | HL-BIH MO O IHL Al 2
40 40 | HL-RNAHO 40 HL | (HS)INON K
340 O (NO IHL) 3NON 1 ]
40 HO (NO IH1) 3NON m P
340 40 (NO THL) 38 H v
40 40 (NO THL) 3NON HAY 7
440 440 (NOJHL)INON | (HS)3NON Ly
NO) INON (NC) INON (NO THL) 3NON IO 4H0
NOHomisa | NGLIHIRES NOLLOIMLS3Y NOLLOWLSTY | NOILGINDS3a
JunLa3dy OlTHINAS | ST IHL ALTSNEG ARED
" - — o —
507 p0Z 207 202 102
A
002




Patent Application Publication Mar. 15,2018 Sheet 4 of 12 US 2018/0070924 A1

101a 1012 101a
IR AR EEELEERE] “S‘ ] PR N B H BRI (l!' Wil (HHAERS R AN HSH HENE
DEPTH DEPTH DEPTH
DIRECTION DIRECTICN DIRECTION
p
) AAAAAARA YYYY ¥V ¥ ¥ ¥ % X ¥ ¥ 4

ACOUSTIC
WE

LINE HIGHER UWER
DENSITY ™ = DENSITY

AN
O HARNONC

COMPONENT
- p) /




Patent Application Publication Mar. 15,2018 Sheet 5 of 12 US 2018/0070924 A1

101a

4
)
el ot bi AL ML B AL LA

ART-

DEPTH DEPTH DEPTH | "F3
DIRECTION DIRECTION DIRECTION

CEPTH DEPTH | DEPTH
DIRECTION ¥ DIRECTION DIRECTION 7




Patent Application Publication Mar. 15,2018 Sheet 6 of 12 US 2018/0070924 A1

RESET B-MODE SCAN PARAMETER TO STORED VALUE

(FIRST ULTRASOUND DIAGNOSTIC PROCESS)
¥ 510
SET PRESET PARAMETER E
¥ S11
INPUT OPERATION TO TURN ON B MODE i1
L 512
TRANSMIT/REGEIVE ULTRASOUND FOR B-MODE IMAGE ¥
¥ 5§13
GENERATE AND DISPLAY B-MODE IMAGE DATA P
¥ (S14
INPUT OPERATION TO TURN ON C MODE
¥ 815
STORE B-MODE IMAGE SCAN PARAMETER £
v wsm
f-—"""f—y o
/ﬂ P E i N\ NG
< EXCEEDSRESTRICTION? >
TVES
L 817
CHANGE SCAN PARAMETER TO RESTRICTION LEVEL
! 518
TRANSMIT/RECEIVE ULTRASOUND FOR 518
B-MODE IMAGE AND C-MODE IMAGE
Y 819
GENERATE. COMBINE, AND DISPLAY B-MODE <
IMAGE DATA AND C-MODE TMAGE DATA
¥ (520
INPUT OPERATION TO TURN OFF C MODE
Y _521

END




Patent Application Publication Mar. 15,2018 Sheet 7 of 12 US 2018/0070924 A1

( FIRST SCAN PARAMETER RESTRICTION CHANGE PROCESS )

¥ n
INPUT OPERATION TO CHANGE B-MODE 53%
IMAGE SCAN PARAMETER RESTRICTION

N

o~

—oes sTORED S wo
_KCAN PARAMETER Ex%

RESTRICTION?

:8\\\,// 829
! . ' »
CHANGE SCAN PARAMETER CHANGE SCAN PARAVETER
e WICH DOES Ko WITH STORED VALUE OF
EXCEED CHANGED RESTRICTION SCAN PARAMETER
END

(_SCAN PARAMETER SETTING CHANGE PROCESS )

)

INPUT OPERATION TO CHANGE 2
B-MODE IMAGE SCAN PARAMETER

(5]
Cad
juirg

582

- DOES CHANGED ™S
@*f’\ﬁ NPARMIET LR EX“EEQ\:; e

_RESTRICTION?
I 533 e I 53
MAINTAIN SCAN PAQAM[TER T CHANGE SCAN PARAWETER
WITHOUT CHANGING &
¥

UPDATE STORED SCAN
PARAMETER WITH
CHANGED YALUE

END



Patent Application Publication Mar. 15,2018 Sheet 8 of 12 US 2018/0070924 A1

FRPRICRTY  1-400
20244 — | OFF | 4 }aos
PRESS —T LPRESS - L
FR PRICRITY FR PRIORITY
aiio afla
roe I |
PRESS ~T LPRESS . PRESS -1 gPRESS +
FR PRIORITY FR PRIORITY
!m§A21+1 | - le+i
PRESS T ;PRESS . ress | LPRESS .
FR PRIORITY FR PRIORITY
)% [+ e
PRESS T LPRE.‘SS + prESS -4 éPRESS .
FR PRIORITY FR PRIORITY
(& afle
o IR | N
PRESS T LPREDS . PRESS - gm&gs .
FR PRICRITY FR PRIORITY
) s [+)
PRESS _I ] PRESS +




US 2018/0070924 A1

Mar. 15,2018 Sheet 9 of 12

Patent Application Publication

AVIdSId

&

JOVHOLS

. 3

¥

LING FOVHOLS
AN TYA
NOILVITIVAT

—

P6

201

L]

LINATNOILLYTNO VO
ANTIA
NOILVITIVAZ

(3]

LINM
NOLLYNIWSE 130

LINM
LNSNIOYNYN
lSERE-ELE

Z6 4

HILINVEVA NVOS

7 i
85

HO1VHEd0

oy

L

O

G’)J




US 2018/0070924 A1

Mar. 15,2018 Sheet 10 of 12

Patent Application Publication

40 440 | IHL=84 80 440 [HL 7 n
40 140 | HIRIIN0 L0 THL T 0
30 440 | IHL=RIE 0 40 1Hl H %
0 440 | MI=BIE Y0 £0THL m &
40 440 | IHL-BUHH0 40 HL | {HS) 3NON 18
40 440 A v INON 7 ov
0 440 (NO THL) INON A o
40 440 (N0 rm ) INON H e
40 440 (NO TH) INON N 24
40 440 (NOTHL)INON | (HS) 3NN Y
(NC) 3NON (NO) FNON (NOTHL)ANON | (HS) 3NON 440
NOILOR LS QiR NOILOINLSTY NOLLOMISY | NOILdINOSSa

SMLEEY OlLAHINAS | SISO THL ALISRAC ANTIA

S0z vz €0z 20¢ ra

A
06z
vl 9l

oL 4

354930
NCGHLORILSZ



Patent Application Publication Mar. 15,2018 Sheet 11 of 12 US 2018/0070924 A1

FIG. 128

» FRAME RATE
PRIORITIZING
IMAGE QUALITY

PRIORITIZING
FRAME RATE

RESTRICTION
DEGREE



US 2018/0070924 A1

Mar. 15,2018 Sheet 12 of 12

Patent Application Publication

FIG. 13

SECOND SCAN PARAMETER
RESTRICTION CHANGE PROCESS

541

1

SELECT AND INPUT PRESET INFORMATION
AND ULTRASOUND PROBE

HAS EVALUATION
VALUE BEEN

/\\

o

~TAS REGISTRATION

V AT
-54
CALCULATE FRAME RATE s
BEFORE RESTRICTION
Y 548
DETERMINE RECOMMENDED [

VALUE OF RESTRICTION
DEGREE OF SCAN PARAMETER
549

5

¥
10

DISPLAY INFORMATION
ACCEPT INPUT OF RESTRICTION

<\DEGREE CHANG
N, //"
e
7VES
CALCULATE FRAME ¢S4
RATE BEFORE
RESTRICTION
¥ )
CALCULATE 548
EVALUATION
VALUE
¥
UPDATE EVALUATION |.S46
VALLE OF &
SELECTED PRESENT
INFORMATION AND
ULTRASOUND PRORBE

DEGREE CHANGE AVAILABILITY

/k~ 850
" o
TISTHEREINPUT O

OF AGREEMENT FOR CHANGING
RESTRICTION -
DEGREE?
e,
VES
it

CHANGE RESTRICTION DEGREE
TO RECOMMENDED VALUE
3 852
CALCULATE s
EVALUATION VALUE

'

UFDATE EVALUATION VALUE OF |*
SELECTED PRESET INFORMATION
AND ULTRASCQUND PROBE




US 2018/0070924 A1

ULTRASOUND DIAGNOSTIC APPARATUS,
ULTRASOUND DIAGNOSTIC IMAGE
GENERATING METHOD, AND PROGRAM

[0001] Japanese Patent Application No. 2016-178282 filed
on Sep. 13, 2016, including description, claims, drawings,
and abstract the entire disclosure is incorporated herein by
reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasound
diagnostic apparatus, an ultrasound diagnostic image gen-
erating method, and a program.

Description of the Related art

[0003] With an ultrasound diagnosis, by a simple opera-
tion of applying an ultrasound probe on a surface of a testing
body, a manner of heartbeat or a movement of a baby in the
womb can be obtained with a real-time display, and the test
can be repeated thanks to its high safety performance.
[0004] An ultrasound diagnostic apparatus creates an
image of an inner information of a test object as an ultra-
sound image based on reflected ultrasound obtained by
transmitting and receiving ultrasound to and from the inside
of the test object via an ultrasound probe. As the ultrasound
images, there is a B-mode image obtained in a B (brightness)
mode and a C-mode image obtained in a C (color flow)
mode, which is displayed as overlapping on the B-mode
image for example.

[0005] The B-mode image is an image which is an image
of an inner tissue of the test object created by showing an
amplitude strength of the reflection ultrasound with bright-
ness.

[0006] On the other hand, the C-mode image is an image
showing bloodstream information with a color in Region Of
Interest (hereinafter, the Region Of Interest is referred to as
“ROT”) specified in the B-mode image. As the C-mode
image, there are a color Doppler image in which the blood-
stream information in the ROI is shown by allocating the
bloodstream approaching to the ultrasound probe with a red
component and the bloodstream flowing away from the
ultrasound probe with a blue component for example, and a
power Doppler image in which a bloodstream power is
shown with a color, and is displayed as overlapping on the
B-mode image.

[0007] When the C-mode image is displayed, transmission
and reception of ultrasound for a B-mode image and trans-
mission and reception of ultrasound for a C-mode image are
alternately executed and the generated B-mode image data
and C-mode image data are combined and displayed. In this
manner, when the C-mode image is displayed, since trans-
mission and reception of ultrasound for a B-mode image and
transmission and reception of ultrasound for a C-mode
image are needed, transmission and reception take time and
the frame rate is lowered, compared to a case of displaying
a B-mode image for which only transmission and reception
of ultrasound for a B-mode image are needed.

[0008] Thus, there is a known ultrasound diagnostic appa-
ratus that can set a different frame rate for each of the frame
rate for generating B-mode-image data and the frame rate
for generating C-mode-image data, controls a time phase for
scanning ultrasound according to the set frame rate, gener-
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ates a reference signal, and displays the B-mode image data
and C-mode image data as overlapping the images based on
the reference signal (see JP 2008-142130 A).

[0009] In general, in an ultrasound diagnostic apparatus,
when a scanning condition such as a scanning density or a
depth is determined, a frame rate is determined according to
the condition. However, according to the ultrasound diag-
nostic apparatus of JP 2008-142130 A, since the scanning
condition needs to be determined reversely based on the
frame rate, the control becomes complicated.

[0010] Further, in the ultrasound diagnostic apparatus of
JP 2008-142130 A, since the frame rate differs according to
the image modes such as a B mode and a C mode, a system
to adjust the time phases is needed and the control becomes
complicated.

SUMMARY

[0011] An object of the present invention is to easily adjust
the frame rate of combined image data when combining
image data in two different modes.

[0012] To achieve the abovementioned object, according
to an aspect of the present invention, an ultrasound diag-
nostic apparatus that can combine image data and has a first
image mode and a second image mode, reflecting one aspect
of the present invention comprises:

[0013] a hardware processor that sets a scan parameter of
an image of a first image mode according to restriction
information of the scan parameter of the image of the first
image mode, which affects a frame rate, when the second
image mode is turned on and generates control information
corresponding to the set scan parameter;

[0014] a transmitter that generates a drive signal according
to the generated control information and inputs the drive
signal to an ultrasound probe that transmits transmission
ultrasound to a test object according to the drive signal and
receives reflected ultrasound;

[0015] a receiver that generates a reception signal of the
images in the first and second image modes from an electric
signal generated in the ultrasound probe, according to the
generated control information;

[0016] a first-image-mode image generator that generates
first-image-mode image data based on the generated recep-
tion signal of the image of the first image mode;

[0017] a second-image-mode image generator that gener-
ates second-image-mode image data based on the generated
reception signal of the image in the second image mode; and
[0018] a combiner that generates combined image data by
combining the generated first-image-mode image data and
the generated second-image-mode image data.

BRIEF DESCRIPTION OF THE DRAWING

[0019] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0020] FIG. 1 is a general block diagram illustrating a
configuration of an ultrasound diagnostic apparatus accord-
ing to a first embodiment of the present invention;

[0021] FIG. 2 is a block diagram illustrating an internal
configuration of a C-mode image generator;
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[0022] FIG. 3 is a diagram illustrating a configuration of
a scan parameter restriction table;

[0023] FIG. 4 is a diagram for explaining a scan density;
[0024] FIG.5is a diagram for explaining Tissue Harmonic
Imaging (THI) of a pulse inversion method,

[0025] FIG. 6 is a diagram for explaining multiple focus-
ing;

[0026] FIG. 7 is a diagram for explaining a synthetic
aperture;

[0027] FIG. 8 is a flowchart illustrating a first ultrasound

diagnostic process;

[0028] FIG. 9A is a flowchart illustrating a first scan
parameter restriction change process;

[0029] FIG. 9B is a flowchart illustrating a scan parameter
setting change process;

[0030] FIG. 10 is a diagram illustrating a transition of a
scan parameter restriction menu region;

[0031] FIG. 11 is a block diagram illustrating a functional
configuration of a controller according to a second embodi-
ment;

[0032] FIG. 12A is a diagram illustrating quantification of
restrictions corresponding to a scan parameter restriction
table;

[0033] FIG. 12B is a diagram illustrating a relation
between frame rates and restriction degrees; and

[0034] FIG. 13 is a flowchart illustrating a second scan
parameter restriction change process.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] Hereinafter, an ultrasound diagnostic apparatus
according to first and second embodiments of the present
invention will be described with reference to the drawings.
However, the scope of the invention is not limited to the
disclosed embodiments. Here, in the following description,
a component having the same function and configuration
will be applied with a same reference numeral and the
explanation thereof will be omitted.

First Embodiment

[0036] With reference to FIGS. 1t0 10, a first embodiment
of the present invention will be described. FIG. 1 is a general
block diagram illustrating a configuration of an ultrasound
diagnostic apparatus 100 according to the present embodi-
ment. FIG. 1 illustrates that the ultrasound diagnostic appa-
ratus 100 is being connected with an ultrasound probe 101
and a display 102.

[0037] The ultrasound diagnostic apparatus 100 includes
an operator 2 as first, second third, and fourth operators, a
transmitter 3, a receiver 4, a B-mode image generator 5 as
a first-image-mode image generator, an ROI setting unit 6,
a C-mode image generator 7 as a second-image-mode image
generator, a display processing unit 8 as a combiner, a
controller 9, a scan controller 10, and a storage 11 as a first
and second storages.

[0038] The ultrasound probe 101 has a plurality of trans-
ducers (voltage conversion elements) 101¢ which are one-
dimensionally arranged, and the transducers 101a respec-
tively convert drive signals (electrical transmission signals)
from the transmitter 3 into ultrasound and generate ultra-
sound beams. Thus, by placing the ultrasound probe 101 on
a surface of a test object to be measured, an operator can
radiate an ultrasound beam inside the test object. Then, the
ultrasound probe 101 receives reflected ultrasound from the
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inside of the test object, and the plurality of transducers 101a
convert the reflected ultrasound into an electrical reception
signal and supplies the signals to the later described receiver

[0039] Here, the present embodiment describes an
example of the ultrasound probe 101 of a linear type in
which the plurality of transducers 1014 are one-dimension-
ally arranged; however, this example does not set any
limitation. For example, an ultrasound probe 101 of a
convex type, a sector type or the like in which the plurality
of transducers 101¢ are one-dimensionally arranged, an
ultrasound probe 101 in which the plurality of transducers
101a are two-dimensionally arranged, an ultrasound probe
101 in which one-dimensionally arranged plurality of trans-
ducers 1014 vibrate, or the like may be used. Further, based
on a control by the scan controller 10 (the controller 9), the
transmitter 3 selects a transducer 101a used by the ultra-
sound probe 101, and controls a radiating position or a
radiating direction of an ultrasound beam that the ultrasound
probe 101 transmits by respectively changing timing of
giving voltage to the transducer 101a or a value of the
voltage.

[0040] Further, the ultrasound probe 101 may include a
part of functions of the later described transmitter 3 and
receiver 4. For example, the ultrasound probe 101 may have
a configuration for generating a drive signal in the ultra-
sound probe 101 based on a control signal (hereinafter,
referred to as a “transmission control signal”) used to
generate a drive signal output from the transmitter 3, con-
verting the drive signal into ultrasound by the transducer
101a , converting the received reflected ultrasound into an
electrical reception signal, and generating a later described
reception signal based on the electrical reception signal in
the ultrasound probe 101.

[0041] Further, the ultrasound probe 101 is electrically
connected to the ultrasound diagnostic apparatus 100 via a
cable in general; however, this does not set any limitation
and, for example, the ultrasound probe 101 may have a
configuration to wirelessly transmit and receive a transmis-
sion signal and a reception signal to and from the ultrasound
diagnostic apparatus 100. Here, in a case of such a configu-
ration, it is obvious that the ultrasound diagnostic apparatus
100 and ultrasound probe 101 include a communication unit
that can perform a wireless communication.

[0042] The display 102 is a so-called monitor, which
displays image data output from the ultrasound diagnostic
apparatus 100 (the display processing unit 8). Here, the
present embodiment describes a configuration in which the
display 102 is connected to the ultrasound diagnostic appa-
ratus 100; however, for example, in a case of a touch panel
type ultrasound diagnostic apparatus, in which the display
102 and the later described operator 2 are integrally pro-
vided and the operator 2 is operated by touching the display
102, the ultrasound diagnostic apparatus 100 and display
102 are integrally provided. Here, the present embodiment
describes that “the display 102 is connected to the ultra-
sound diagnostic apparatus 100” even in a case that the
ultrasound diagnostic apparatus 100 and the display 102 are
integrally provided.

[0043] The operator 2 receives an input by an operator and
outputs an instruction based on the operator’s input to the
ultrasound diagnostic apparatus 100, that is more specifi-
cally, the controller 9. The operator 2 has a function that
allows the operator to select a mode to display a B-mode
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image only (hereinafter, referred to as a “B mode”) or a
mode to display a C-mode (color flow mode) image over-
lapping on the B-mode image (hereinafter, referred to as a
“C mode”). Then, the operator 2 also includes a function that
allows the operator to specify a position of ROT where the
C-mode image is displayed on the B-mode image. Further,
as a C-mode image to be displayed, there are C-mode
images of display modes including a V mode for displaying
a current speed and direction of a bloodstream with a color
based on a bloodstream velocity V as a bloodstream signal
indicting a condition of the bloodstream, a P mode for
displaying a bloodstream power with a color based on a
power P of the bloodstream as a bloodstream signal, and a
V-T mode for displaying the current speed and a turbulence
of the bloodstream based on the bloodstream velocity V and
aturbulence T as a bloodstream signal. When an input in the
C mode is accepted from the operator, the operator 2 is
assumed to also accept its display mode. Here, the display
mode of the C-mode image may include a T (turbulence)
mode, a dP (directional power) mode, and the like. In this
manner, the C mode includes a color Doppler mode (V
mode, V-T mode, etc.) and a power Doppler mode (P mode,
etc.).

[0044] The transmitter 3 generates at least a drive signal,
and performs a transmission process for transmitting an
ultrasound beam to ultrasound probe 101. As an example,
the transmitter 3 performs a transmission process for gen-
erating a transmission signal to transmit an ultrasound beam
from the ultrasound probe 101 having the transducer 101a
and drives the transducer 101a of the ultrasound probe 101
by supplying a high-voltage electrical transmission signal,
which occurs at a predetermined timing, to the ultrasound
probe 101 based on the transmission signal. With this
configuration, the ultrasound probe 101 can emit the ultra-
sound beam to the test object, which is a subject to be
measured, by converting the electrical transmission signal
into ultrasound.

[0045] When the C mode is turned on, the transmitter 3
performs a transmission process to display a C-mode image
according to a control by the scan controller 10, in addition
to a transmission process to display a B-mode image. For
example, after supplying an electrical transmission signal
for displaying the B-mode image, repeated supplies of a
drive signal for QSP (quad signal processing) to display the
C-mode image in a same direction (the same line) for n times
(nis 6 to 12 for example) are performed for all direction (all
lines) of the ROI set by the ROI setting unit 6. It is noted that
the present embodiment is not limited to the drive signal for
the QSP. Further, the transmitter 3 specifies additional
information of the B-mode image transmission process or
the C-mode image transmission process during the trans-
mission process and supplies the additional information to
the receiver 4.

[0046] Further, when generating a B-mode image accord-
ing to the control by the scan controller 10, the transmitter
3 performs a transmission process for generating a B-mode
image according to a scan parameter set by the scan con-
troller 10. In the B mode or C mode, the scan parameter is
assumed to be a parameter related to scanning of the B mode
image data to be generated. According to the present
embodiment, based on the control by the controller 9, the
scan controller 10 controls the process related to the scan-
ning by the transmitter 3 and receiver 4 by restricting a scan
parameter that affects the frame rate among the scan param-
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eters related to the image qualities of the B mode image data
to be generated, according to need. The scan parameter
affecting the frame rate controlled by the scan controller 10
is assumed to be a scan density, a THI of a pulse inversion
method, multiple focusing, and a synthetic aperture as
described later.

[0047] According to the control by the controller 9, the
receiver 4 performs a reception process for generating a
reception signal as an electronic radio frequency (RF) signal
based on the reflected ultrasound. The receiver 4 generates
a reception signal (sound ray data) by receiving the reflected
ultrasound with the ultrasound probe 101 for example, and
performing an A/D conversion and phase summing on the
electrical reception signal, which is converted based on the
reflected ultrasound, as amplifying the electrical reception
signal.

[0048] The receiver 4 acquires additional information
from the transmitter 3, supplies the reception signal to the
B-mode image generator 5 when the acquired additional
information is additional information of a B-mode image,
and supplies the reception signal to the C-mode image
generator 7 when the acquired additional information is
additional information of C-mode image. Hereinafter, a
reception signal used to generate a B-mode image is referred
to as a “B mode reception signal,” and a reception signal
used to generate a C-mode image is referred to as a “C mode
reception signal.”

[0049] Here, the present embodiment describes a configu-
ration that the receiver 4 sorts the reception signals related
to a generated image frame into a signal for a B-mode image
and a signal for a C-mode image and supplies the signals to
each block; however, this example does not set any limita-
tion and, for example, there may be a configuration that the
B-mode image generator 5 and C-mode image generator 7
respectively sort the reception signals related to a generated
image frame.

[0050] According to the control by the controller 9, the
B-mode image generator 5 executes an envelope detection,
a logarithmic compression, or the like on the B-mode
reception signal input by the receiver 4 and performs a
brightness conversion by adjusting a dynamic range or a
gain to generate a B-mode image data and output the B mode
image data to the display processing unit 8. Especially, the
B-mode image generator 5 generates a B-mode image data
according to the scan parameter set by the controller 9.

[0051] According to the control by the controller 9, the
C-mode image generator 7 generates a C-mode image data
and outputs the C mode image data to the display processing
unit 8 according to the C-mode reception signal input by the
receiver 4. Here, with reference to FIG. 2, an internal
configuration of the C-mode image generator 7 will be
described. FIG. 2 is a block diagram illustrating an internal
configuration of the C-mode image generator 7. As illus-
trated in FIG. 2, the C-mode image generator 7 includes an
orthogonal detection circuit 71, a corner-turn controller 72,
a moving target indication (MTI) filter 73, a correlation
calculation unit 74, a data conversion unit 75, a noise
reduction spatial filtering unit 76, an inter-frame filter 77,
and a C-mode image conversion unit 78.

[0052] According to the control by the controller 9, the
orthogonal detection circuit 71 performs an orthogonal
detection on a C-mode reception signal input by the receiver
4 to calculate a phase difference between the acquired
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C-mode reception signal and a reference signal, and acquires
complex Doppler signals I and Q.

[0053] According to the control by the controller 9, the
corner-turn controller 72 stores, in a memory (not illus-
trated), the Doppler signals I and Q input from the orthogo-
nal detection circuit 71 as arranging for each same acoustic
line in a depth direction from the ultrasound probe 101 to the
test object and in an ensemble direction of a repetition
number n of ultrasound transmissions and receptions and
reads the Doppler signals I and Q in the ensemble direction
for each depth.

[0054] The reception signal (the Doppler signals [ and Q)
includes information (a clutter component) of an unneces-
sary blood vessel wall, a tissue, or the like in addition to a
signal component of a bloodstream needed to generate a
C-mode image. According to the control by the controller 9,
the MTT filter 73 filters the Doppler signals I and Q output
from the corner-turn controller 72 and removes clutter
components.

[0055] According to the control by the controller 9, the
correlation calculation unit 74 calculates a real part D and an
imaginary part N of an average value S of autocorrelation
calculation of Doppler signal (an average value of phase
difference vectors) from the Doppler signals I and Q (com-
plex Doppler signal z) which are filtered by the MT1 filter
73.

[Expression 1]

n-1 [0)]

[0056] According to the control by the controller 9, the
data conversion unit 75 calculates a bloodstream velocity V,
apower P, and a turbulence T based on the Doppler signals
T and Q filtered by the MTI filter 73, the real part D and
imaginary part N of the average value S of the Doppler
signal autocorrelation calculation. More specifically, by
using following Expression 2, the data conversion unit 75
calculates the bloodstream velocity V based on the real part
D and imaginary part N of the average value S of the
Doppler signal autocorrelation calculation.

[Expression 2]

[0057] Further, by using following Expression 3, the data
conversion unit 75 calculates the power P as a strength
average value of the Doppler signals based on the Doppler
signals I and Q (the complex Doppler signal z).

[Expression 3]
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[0058] Further, by using following Expression 4, the data
conversion unit 75 calculates the turbulence T as a ratio
between sizes and powers of the phase difference vectors
(Here, the ratio is extracted from one and then the magnitude
relation is reversed.) based on the Doppler signals T and Q
(the complex Donnler signal A.

[Expression 4]

Nra @
P

T=1-

[0059] The noise reduction spatial filtering unit 76 filters
the power P calculated by the data conversion unit 75, the
bloodstream velocity V, and the turbulence T. The noise
reduction spatial filtering unit 76 includes a keyhole filter
and a spatial filter (None of them is illustrated).

[0060] The keyhole filter filters the power P, bloodstream
velocity V, and turbulence T which compose the frame of a
C-mode image and removes noise. In the V mode and V-T
mode, the keyhole filter removes the bloodstream velocity V
in a set removal region by using the bloodstream velocity V
and power P calculated by the data conversion unit 75 and
filters the bloodstream velocity V. In the V mode and V-T
mode, the bloodstream velocity V is used to display (color)
an image. In the P mode, the keyhole filter removes the
power P in a set removal region by using the bloodstream
velocity V and power P calculated by the data conversion
unit 75 and filters the power P. In the P mode, the power P
is used to display (color) an image.

[0061] More specifically, in the V mode and V-T mode, the
keyhole filter removes a bloodstream velocity V as assuming
a bloodstream signal in a region where the bloodstream
velocity V is smaller than a predetermined threshold value
as a clutter noise and assuming a bloodstream signal in a
region where the power P is smaller than the predetermined
threshold value as a background noise. Further, in the P
mode, the keyhole filter removes a power P in a region as
assuming that the bloodstream signal in the region where the
bloodstream velocity V is smaller than the predetermined
threshold value as a clutter nose and assuming that the
bloodstream signal in the region where the power P is
smaller than the predetermined threshold value as a back-
ground noise.

[0062] The spatial filter is a two-dimensional weighted
average filter to smooth data of the bloodstream velocity V,
power P, and turbulence T that compose the frame of the
C-mode image. In the V mode or V-T mode, the spatial filter
filters the bloodstream velocity V filtered by the keyhole
filter and a turbulence T calculated by the data conversion
unit 75. In the P mode, the spatial filter filters the power P
filtered by the keyhole filter.

[0063] The inter-frame filter 77 filters a bloodstream com-
ponent in each frame that composes the C-mode image
according to the display mode input by operating the opera-
tor 2, among the bloodstream velocity V, power P, and
turbulence T filtered by the noise reduction spatial filtering
unit 76, so as to smooth the changes between the frames and
keep an image lag.

[0064] The C-mode image conversion unit 78 generates
C-mode image data by converting the bloodstream velocity
V, power P, and turbulence T which are filtered by the
inter-frame filter 77.
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[0065] The display processing unit 8 performs a process to
form image display data to be displayed on the display 102
and display the image data on the display 102. Specifically,
when the B mode is being selected, the display processing
unit 8 performs a process to include the B-mode image of the
B-mode image data generated by the B-mode image gen-
erator 5 in the display image data as an ultrasound image.
Further, when the C mode is being selected, the display
processing unit 8 performs a process to generate combined
image data, as an ultrasound image, in which the C-mode
image of the C-mode image data generated by the C-mode
image generator 7 is overlapped in a position of a selected
ROI on the B-mode image generated by the B-mode image
generator 5, and include the combined image to the display
image data.

[0066] The controller 9 is composed of a central process-
ing unit (CPU), a read only memory (ROM), and a random
access memory (RAM) for example, reads various process-
ing programs such as a system program stored in the ROM,
develops the program in the RAM, and controls operations
of each unit in the ultrasound diagnostic apparatus 100
according to the developed program. The RAM forms a
work area to temporarily store the various programs, which
are executed by the CPU, and data related to the programs.
The ROM is composed of a non-volatile memory such as a
semiconductor for example, and stores the system program
for the ultrasound diagnostic apparatus 100, an initial setting
program executable in the system programi, various process-
ing programs such as an ultrasound diagnosis program,
various data, and the like. These programs are stored in a
format of a computer readable program code, and the CPU
sequentially executes operation according to the program
code. Especially, in the ROM, it is assumed that a first
ultrasound diagnosis program, a first scan parameter restric-
tion change program, and a scan parameter setting change
program are stored.

[0067] The storage 11 is composed of a large capacity
recording medium such as a hard disk drive (HDD) for
example and stores a later described scan parameter restric-
tion table 200, ultrasound image data (B-mode image data
and C-mode image data) and the like.

[0068] Here, with reference to FIGS. 3 to 7, the scan
parameter restriction table 200 stored in the storage 11 will
be described. FIG. 3 is a diagram illustrating a configuration
of the scan parameter restriction table 200. FIG. 4 is a
diagram for explaining a scan density. FIG. 5 is a diagram
for explaining a THI of a pulse inversion method. FIG. 6 is
a diagram for explaining multiple focusing. FIG. 7 is a
diagram for explaining a synthetic aperture.

[0069] The scan parameter restriction table 200 is a table,
regarding various parameters for scanning a B-mode image
(hereinafter, referred to as scan parameters), including
restriction information of scan parameters affecting frame
rates, which are respectively set for each menu descriptions.
The scan parameter restriction table 200 has items of a menu
description 201, a density restriction 202, a tissue harmonic
imaging (THI) restriction 203, a multiple focusing restric-
tion 204, and a synthetic aperture restriction 205.

[0070] The menu description 201 is a description of a
menu of restrictions of the scan parameters which can be
selected and input by an operator. As the menu description
201, there are “Off” indicating that there is no restriction
related to the scan parameter, “A1” to “A5” indicating that
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there is no restriction related to the THI restriction 203, and
“B1” to “B5” indicating that there is a restriction related to
the THI restriction 203.

[0071] The density restriction 202 is restriction informa-
tion related to a scan density as the scan parameter corre-
sponding to the menu description 201. Here, with reference
to FIG. 4, the scan density will be described. As illustrated
in FIG. 4, the scan density is a density of an acoustic line of
the plurality of transducers 101a of the ultrasound probe
101. A higher density causes a better image quality; how-
ever, the frame rate becomes lowered since transmissions
and receptions need to be performed with a large number of
acoustic lines.

[0072] The density restriction 202 is restriction informa-
tion as an upper limit value of settable scan densities, and
there are Non (SH: super high), UH (ultra high), H (high),
M (middle), and L (low) in order of lower restrictions.
[0073] The THI restriction 203 is restriction information
of THI of a pulse inversion method as the scan parameter
corresponding to the menu description 201. Here, with
reference to FIG. 5, THI of the pulse inversion method will
be described. The pulse inversion method is a method to
output a drive signal twice in waveforms in which positive
and negative are inverted from the transmitter 3 to the
ultrasound probe 101 and adds the reception signals
acquired by the receiver 4 to cancel a fundamental wave
component and obtain a harmonic component. For example,
as illustrated in FIG. 5, the drive signal P1 and the drive
signal P2 in which the positive and negative of the drive
signal P1 are inverted are sequentially generated. In the THI
of the pulse inversion method (imaging using a harmonic
component), since two-time ultrasound transmissions and
receptions are needed for each acoustic line, the frame rate
becomes a half compared to a case that the THI of the pulse
inversion methed is not used and one-time transmission and
reception is needed per acoustic line. As the THI, in addition
to the THI of the pulse inversion method, there is a Filter-
THI for imaging by filtering signals other than a harmonic
component of the reception signal and obtaining the har-
monic component, and, in this method, only one-time ultra-
sound transmission and reception is needed per acoustic
line.

[0074] The THI restriction 203 is restriction information
indicating whether or not to restrict the THI execution of the
pulse inversion method and there are Non (the THI of the
pulse inversion method is on) and THI off or Filter-THI (on)
(of the pulse inversion method) in order of lower restric-
tions.

[0075] The multiple focusing restriction 204 is restriction
information of multiple focusing as a scan parameter cor-
responding to the menu description 201. Here, with refer-
ence to FIG. 6, multiple focusing will be described. The
multiple focusing is a method to perform multiple-time
transmissions and receptions of ultrasound as changing a
transmission focus depth and generate a reception signal of
one acoustic line as combining the reception signals
acquired by transmitting and receiving more than one time.
In the multiple focusing, since more than one ultrasound
transmissions and receptions are needed for each acoustic
line, the frame rate becomes lower compared to a case that
the multiple focusing is not used.

[0076] As illustrated in FIG. 6, ultrasound is transmitted
by a transmission focus F1 of a small focus depth for the first
time to acquire a reception signal in a small reception depth
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range AR1, ultrasound is transmitted by a transmission focus
F2 of a medium focus depth for the second time to receive
a reception signal in a medium reception depth range AR2,
ultrasound is transmitted by a transmission focus F3 of a
large focus depth for the third time to acquire a reception
signal in a large reception depth range AR3, so that the
reception signals in a wide reception depth range are
acquired from the reception signals of the three-time trans-
missions and receptions. FIG. 6 is an example in which the
steps of the multiple focusing is three; however, the process
will be the same in a case with different number of steps.
[0077] The multiple focusing restriction 204 is restriction
information indicating whether or not to restrict multiple
focusing execution, and there are Non (multiple focusing is
on) and Off (multiple focusing is off) in order of lower
restrictions.

[0078] The synthetic aperture restriction 205 is restriction
information of the synthetic aperture as a scan parameter
corresponding to the menu description 201. Here, with
reference to FIG. 7, the synthetic aperture will be described.
The synthetic aperture is a method for selecting a reception
aperture of the plurality of transducers 101a among all the
transducers 101a of the ultrasound probe 101, combining the
reception signals of two-time ultrasound transmissions and
receptions, and acquiring an effect of a reception with a large
aperture. This is because that the upper limit value of the
number of the transducer 101a (channels) which can be used
as a reception aperture has been determined. Here, since a
large aperture is realized by the two-time ultrasound trans-
missions and receptions, the frame rate becomes a half
[0079] As illustrated in FIG. 7, the first ultrasound recep-
tion is performed by an inner reception aperture R1, the
second ultrasound reception is performed by an outer recep-
tion aperture R2, and the reception signals of the reception
apertures R1 and R2 are combined, a reception signal, which
looks like a signal received by a reception aperture R3 of a
large aperture, can be obtained.

[0080] The synthetic aperture restriction 205 is restriction
information indicating whether or not to restrict a synthetic
aperture execution, and there are None (synthetic aperture is
on) and Off (synthetic aperture is off) in order of lower
restrictions.

[0081] Next, with reference to FIGS. 8 to 10, operations of
the ultrasound diagnostic apparatus 100 will be described.
FIG. 8 is a flowchart illustrating a first ultrasound diagnostic
process. FIG. 9A is a flowchart illustrating a first scan
parameter restriction change process. FIG. 9B is a flowchart
illustrating a scan parameter setting change process. FIG. 10
is a diagram illustrating a transition of a scan parameter
restriction menu region 400.

[0082] Firstly, with reference to FIG. 8, the first ultrasound
diagnostic process executed by the ultrasound diagnostic
apparatus 100 will be described. The first ultrasound diag-
nostic process is an example of the ultrasound diagnostic
process and is a process for generating and displaying
ultrasound image data of the test object in each mode after
a transition from the B mode, the C mode, and to the B
mode. In the ultrasound diagnostic apparatus 100, for
example, in response to an instruction of executing the first
ultrasound diagnostic process input by an operator (a tech-
nologist, a doctor, or the like) via an operator 2, the
controller 9 executes the first ultrasound diagnostic process
according to the first ultrasound diagnosis program stored in
the ROM.
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[0083] As illustrated in FIG. 8, firstly, the controller 9 sets
a preset parameter, which is set according to a diagnosed
part of the test object. The preset parameter includes a
B-mode image scan parameter (the scan density, THI of the
pulse inversion method, multiple focusing, and synthetic
aperture) and a restriction of the B-mode image scan param-
eter (step S10).

[0084] Then, the controller 9 accepts an input of an
operation to turn on the B mode by the operator via the
operator 2 (step S11). When the B mode is turned on, the
controller 9 accepts an input of various setting information
of the B-mode image scan parameter (the scan density, THI
of the pulse inversion method, multiple focusing, synthetic
aperture) according to need. In the B mode and C mode, the
operator applies the ultrasound probe 101 onto the test
object according to need.

[0085] Further, the controller 9 can accept an input of
selecting a menu of scan parameter restriction from the
operator via the operator 2 according to need. More specifi-
cally, the controller 9 performs control to display, on the
display processing unit 8, the scan parameter restriction
menu region 400 illustrated in FIG. 10 on the screen of the
display 102. The scan parameter restriction menu region 400
has a + button 401 and a - button 402. In response to a touch
input on the + button 401 or - button 402 via the operator
2, the menu description is switched between Off, Al to A5,
and B1 to B5, and one of the menu description is selected.

[0086] Then, according to the setting information of the
preset B-mode image scan parameter or setting information
of the input B-mode image scan parameter, the controller 9
controls, via the scan controller 10, the transmitter 3 to
generate a drive signal for a B-mode image, the ultrasound
probe 101 to transmit ultrasound, the receiver 4 to generate
a B-mode reception signal according to the reflected ultra-
sound input to the ultrasound probe 101, so as to transmit
and receive the ultrasound for the B-mode image (step S12).

[0087] Then, the controller 9 controls the B-mode image
generator 5 to generate B-mode image data based on the
reception signal generated in step S12 and the display
processing unit 8 to display the generated B-mode image
data on the display 102 (step S13). Then, the controller 9
accepts, from the operator, an input of an operation to turn
on the C mode via the operator 2 (step S14).

[0088] Here, it is assumed that, when the C mode is on, the
controller 9 accepts, from the operator, an input to change
the restriction information of the scan parameter according
to need by executing the later described first scan parameter
restriction change process. Further, it is assumed that, by
executing the later described scan parameter setting change
process, the controller 9 accepts an input to change the
setting information of the scan parameter from the operator
according to need.

[0089] Then, the controller 9 stores, to the storage 11,
latest setting information of the scan parameter which is
input while the B mode is on in steps S11 to S13 (step S15).
Then, the controller 9 refers to the scan parameter restriction
table 200 stored in the storage 11 and determines whether or
not the setting information of the current scan parameter in
the B-mode image is greater than any of the restriction items
202, 203, 204, and 205 of the menu description 201, which
is being selected and set, in the scan parameter restriction
table 200 (step S16). The setting information of the current
scan parameter is setting information of the scan parameter



US 2018/0070924 A1

stored in the storage 11 or setting information of the scan
parameter changed by the later described scan parameter
setting change process.

[0090] When the current setting information is greater
than the restriction items 202, 203, 204, and 205 of the menu
description 201 which is being selected and set (step S16,
YES), the controller 9 changes the level of the setting
information of the current scan parameter, which is greater
than the restriction item, to a restriction level of the restric-
tion items 202, 203, 204, and 205 of the menu description
201 which is being selected and set (step S17).

[0091] Then, the controller 9 repeats a B-mode-image
ultrasound transmission/reception in which the controller 9
controls, via the scan controller 10, the transmitter 3 to
generate a drive signal for the B-mode image according to
the setting information of the current scan parameter in the
B-mode image, the ultrasound probe 101 to transmit ultra-
sound, and the receiver 4 to generate a B-mode reception
signal corresponding to reflected ultrasound input to the
ultrasound probe 101 and a C-mode-image ultrasound trans-
mission/reception in which the controller 9 controls the
transmitter 3 to generate a drive signal for a C-mode image
according to an ROI set by the ROI setting unit 6, the
ultrasound probe 101 to transmit ultrasound, and the
receiver 4 to generate a C-mode reception signal according
to reflected ultrasound input to the ultrasound probe 101
(step S18). When the current setting information is not
greater than any of the restriction items 202, 203, 204, and
205 of the menu description 201 which is being selected and
set (NO in step S16), the process proceeds to step S18.
[0092] Then, the controller 9 controls the B-mode image
generator 5 to generate B-mode image data from the recep-
tion signal for the B-mode image generated in step S18, the
C-mode image generator 7 to generate C-mode image data
of ROI from the reception signal for the C-mode image
generated in step S18, the display processing unit 8 to
generate combined image data by combining the generated
C-mode image data of ROI with the generated B-mode
image data, and the display 102 to display the data (step
S19).

[0093] Then, the controller 9 accepts an input of an
operation to turn off the C mode by the operator via the
operator 2 (step S20). Then, the controller 9 resets the
current scan parameter setting information of the B-mode
image in the B mode to the scan parameter setting informa-
tion stored in the storage 11 (step S21) and ends the first
ultrasound diagnostic process. After step S21, for example,
similarly to steps S12 and S13, the B-mode image data is
generated and displayed.

[0094] Next, with reference to FIG. 9A, the first scan
parameter restriction change process executed by the ultra-
sound diagnostic apparatus 100 will be described. The first
scan parameter restriction change process is a process to
manually change the scan parameter restriction information
of a B-mode image when the C mode is on. In the ultrasound
diagnostic apparatus 100, for example, the C mode is turned
on in step S14 of the first ultrasound diagnostic process, the
controller 9 executes the first scan parameter restriction
change process according to the first scan parameter restric-
tion change program stored in the ROM, in response to a
start of an input of an operation to change the restriction
information of the scan parameter setting information of the
B-mode image by the operator via the operator 2. The input
of an operation to change the restriction information of the
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B-mode image scan parameter is performed by a touch input
on the + button 401 and - button 402 of the scan parameter
restriction menu region 400 in FIG. 10, which is displayed
on the display 102 as described above for example.

[0095] As illustrated in FIG. 9A, firstly, the controller 9
finishes accepting an input of an operation to change the
restriction information of the B-mode image scan parameter
from the operator via the operator 2 (step S26). Then, the
controller 9 refers to the scan parameter restriction table 200
stored in the storage 11 and determines whether or not the
setting information of the scan parameter stored in the
storage 11 in a case that C mode is on is greater than the
restriction items 202, 203, 204, and 205 of the menu
description 201 of the restriction information or the scan
parameter changed in step S26 (step S27).

[0096] When the setting information is greater than at least
one of the restriction items 202, 203, 204, and 205 of the
menu description 201 of the restriction information of the
changed scan parameter (step S27, YES), the controller 9
changes the setting information of the current scan param-
eter to a value which is not greater than the restriction items
202, 203, 204, and 205 of the menu description 201 of the
restriction information of the changed scan parameter (step
S28) and ends the first scan parameter restriction change
process. When the setting information is not greater than the
restriction items 202, 203, 204, and 205 of the menu
description 201 of the restriction information of the changed
scan parameter (step S27, NO), the controller 9 changes the
setting information of the current scan parameter to the
setting information of the scan parameter stored in the
storage 11 of a case that the C mode is on (step S29) and
ends the first scan parameter setting change process. When
the menu description of the restriction information of the
B-mode-image scan parameter is changed to OFF in step
S26, the process proceeds to step S29.

[0097] Next, with reference to FIG. 9B, the scan parameter
setting change process executed by the ultrasound diagnostic
apparatus 100 will be described. The scan parameter setting
change process is a process to manually change the setting
information of the B-mode image scan parameter of a case
that the C mode is on. In the ultrasound diagnostic apparatus
100, for example, the C mode is turned on in step S14 of the
first ultrasound diagnostic process, and the controller 9
executes the scan parameter setting change process accord-
ing to the scan parameter setting change program stored in
the ROM in response to a start of an input of an operation
to change the setting information of the B-mode image scan
parameter from the operator via the operator 2.

[0098] As illustrated in FIG. 9B, firstly, the controller 9
finishes accepting an input of an operation to change the
setting information of the B-mode image scan parameter
from the operator via the operator 2 (step S31). Then, the
controller 9 refers to the scan parameter restriction table 200
stored in the storage 11 and determines whether or not the
setting information of the changed scan parameter, which is
input in step S31, is greater than the restriction items 202,
203, 204, and 205 of the menu description 201, which is
being selected and set, in the scan parameter restriction table
200 (step S32).

[0099] When the setting information is greater than the
restriction items 202, 203, 204, and 205 of the menu
description 201 which is being selected and set (step S32,
YES), the controller 9 maintains the setting information of
the scan parameter stored in the storage 11 without making
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a change (step S33) and ends the scan parameter setting
change process. When the setting information is not greater
than the restriction items 202, 203, 204, and 205 of the menu
description 201 which is being selected and set (step S32,
NO), the controller 9 changes the setting information of a
current scan parameter to the setting information of the
changed scan parameter, which is input in step S31 (step
S34). Then, the controller 9 changes the setting information
of the scan parameter stored in the storage 11 to the setting
information of the changed scan parameter, which is
changed in step S34 (step S35) and ends the scan parameter
setting change process.

[0100] As described above, according to the present
embodiment, the ultrasound diagnostic apparatus 100
includes: the controller 9 that sets a B-mode image scan
parameter according to restriction information of a B-mode
image scan parameter which affects a frame rate when the C
mode is turned on and generates control information corre-
sponding to the set scan parameter; the scan controller 10;
the transmitter 3 that generates a drive signal according to
the generated control information and inputs the drive signal
to the ultrasound probe 101; the receiver 4 that generates
reception signals of a B-mode image and a C-mode image
from an electric signal generated in the ultrasound probe 101
according to the generated control information; the B-mode
image generator 5 that generates B-mode image data based
on the generated reception signal of the B-mode image; the
C-mode image generator 7 that generates C-mode image
data based on the generated reception signal of the C-mode
image; and the display processing unit 8 that combines the
generated B-mode image data and the generated C-mode
image data and generates combined image data.

[0101] With this configuration, when combining image
data of two image modes including the B mode and C mode,
the frame rate of the combined image data can be easily and
properly adjusted.

[0102] In addition, when the C mode is turned on and the
B-mode image scan parameter is greater than the restriction
information of the B-mode image scan parameter, the con-
troller 9 changes the B-mode image scan parameter to
setting information that does not exceed the restriction
information and, when the C mode is turned on and the
B-mode image scan parameter is not greater than the restric-
tion information of the B-mode image scan parameter, the
controller 9 does not change the B-mode image scan param-
eter. With this configuration, since the B-mode image scan
parameter can be automatically changed according to the
restriction information of the B-mode image scan parameter
when the C mode is turned on, the frame rate can be properly
kept high and, when the C mode is turned on, the B-mode
image scan parameter does not exceed the restriction infor-
mation, and the frame rate is kept high enough, the frame
rate can be properly kept high without further reducing the
B-mode image scan parameter.

[0103] Further, when the C mode is on, the operator 2
accepts an input to specify whether to activate the restriction
information of the B-mode image scan parameter (an input
to select a menu description of OFF or others (Al to A5, Bl
to B5) of the scan parameter restriction menu region 400)
and, when it is specified to activate the restriction informa-
tion of the B-mode image scan parameter (a selection of the
menu description other than OFF is made and input), the
controller 9 sets a B-mode image scan parameter which does
not exceed the restriction information of the B-mode image
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scan parameter. With this configuration, it can be easily set
whether or not to activate the restriction information of the
B-mode image scan parameter, and a B-mode image scan
parameter corresponding to the restriction information of the
B-mode image scan parameter can be set.

[0104] Further, when the C mode is turned on, the operator
2 accepts an input to specify a degree (level) of the restric-
tion information of the B-mode image scan parameter (an
input of a selection from the menu descriptions of Al to AS
and B1 to B5 in the scan parameter restriction menu region
400), and the controller 9 sets a B-mode image scan param-
eter which does not exceed the specified degree (level) of the
restriction information of the B-mode image scan parameter.
With this configuration, the degree (level) of the restriction
information of the B-mode image scan parameter can be
easily set and a B-mode image scan parameter correspond-
ing to the restriction information of the B-mode image scan
parameter can be set.

[0105] Further, when the C mode is turned on, the con-
troller 9 stores the setting information of the B-mode image
scan parameter in the B mode to the storage 11, changes the
B-mode image scan parameter to the stored setting infor-
mation of the scan parameter when the C mode is on and the
restriction information of the B-mode image scan parameter
is changed from Valid (Al to A5, B1 to B5) to Invalid (OFF),
and changes the B-mode image scan parameter to setting
information which does not exceed the restriction informa-
tion of the changed scan parameter when the C mode is on
and the restriction information of the B-mode image scan
parameter is changed from Invalid (OFF) to Valid (A1 to A5,
B1 to B5). With this configuration, when the C mode is on,
the states of valid and invalid of the restriction information
of the B-mode image scan parameter can be easily changed.
When the restriction information of the scan parameter is
made invalid, the frame rate can be properly kept high
without further reducing the B-mode image scan parameter
and, when the restriction information of the scan parameter
is made valid, the frame rate can be properly kept high by
automatically changing the B-mode image scan parameter
according to the restriction information of the B-mode
image scan parameter.

[0106] Further, when the C mode is turned on, the con-
troller 9 stores setting information of the B-mode image scan
parameter in the B mode to the storage 11, changes the
degree (level) of the restriction information of the B-mode
image scan parameter when the C mode is on, changes the
B-mode image scan parameter to the stored setting infor-
mation of the scan parameter when the stored setting infor-
mation of the can parameter is not greater than the changed
degree (level) of the restriction information, and changes the
B-mode image scan parameter to setting information which
does not exceed the changed restriction information of the
scan parameter when the stored setting information of the
scan parameter is greater than the changed degree (level) of
the restriction information. With this configuration, when the
C mode is on, the degree (level) of the restriction informa-
tion of the B-mode image scan parameter can be easily
changed. When the stored setting information of the scan
parameter does not exceed the changed degree (level) of the
restriction information, the frame rate can be properly kept
high without further reducing the B-mode image scan
parameter and, when the stored setting information of the
scan parameter exceeds the changed degree (level) of the
restriction information, the frame rate can be properly kept
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high by automatically changing the B-mode image scan
parameter according to the restriction information of the
B-mode image scan parameter.

[0107] Further, when the C mode is turned on, the con-
troller 9 stores the setting information of the B-mode image
scan parameter in the B mode to the storage 11 and, when
the C mode is turned off, the controller 9 resets the B-mode
image scan parameter to the stored setting information of the
B-mode image scan parameter. Thus, the B mode image data
can be generated by using the image quality and frame rate
of the original B-mode image in the B mode.

[0108] Further, the operator 2 accepts an input to change
the B-mode image scan parameter and, when the C mode is
on, the controller 9 prohibits changing the scan parameter to
a B-mode image scan parameter to which a change exceed-
ing the restriction information of the B-mode image scan
parameter is input. With this configuration, it can be surely
prevented that the B-mode image scan parameter is changed
to a value which exceeds the restriction.

[0109] Further, when the C mode is on, the controller 9
changes the B-mode image scan parameter to a B-mode
image scan parameter within a range which does not exceed
its restriction information. With this configuration, it can be
surely prevented that the B-mode image scan parameter is
changed to a value which exceeds the restriction, and the
B-mode image scan parameter can be arbitrarily changed
within a range which does not exceed the restriction infor-
mation.

[0110] Further, when the C mode is on and the B-mode
image scan parameter is changed within a range which does
not exceed the restriction information of the B-mode image
scan parameter, the controller 9 updates the setting infor-
mation of the B-mode image scan parameter stored in the
storage 11 with a changed B-mode image scan parameter.
With this configuration, it can be prevented that the B-mode
image scan parameter that the operator changes is automati-
cally reset to the original value (in the B mode before the C
mode is turned on).

[0111] Further, the scan parameter is at least one of the
scan density, THI of the pulse inversion method, multiple
focusing, and the synthetic aperture. In the ultrasound diag-
nostic apparatus, these scan parameters are the parameters,
which can be adjusted by the operator in general, and can be
realized by a simple control. The scan parameters can be
easily understood and handled by the operator.

Second Embodiment

[0112] With reference to FIGS. 11 to 13, a second embodi-
ment according to the present invention will be described.
FIG. 11 is a block diagram illustrating a functional configu-
ration of a controller 9 according to the second embodiment.
FIG. 12A is a diagram illustrating quantified restriction
corresponding to a scan parameter restriction table 200. FIG.
12B is a diagram illustrating a relation between frame rates
and restriction degrees. FIG. 13 is a flowchart illustrating a
second scan parameter restriction change process.

[0113] As an apparatus configuration of the present
embodiment, an ultrasound diagnostic apparatus 100 is used,
similarly to the first embodiment. It is noted that a second
scan parameter restriction change program is stored in the
ROM of the controller 9. Further, as illustrated in FIG. 11,
when a later described scan parameter restriction change
process is executed, the controller 9 functions as a scan
parameter determination unit 91, a parameter management
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unit 92, an evaluation value calculation unit 93, and an
evaluation value storage unit 94.

[0114] According to the present embodiment, restriction
information of a B-mode image scan parameter is automati-
cally studied (stored) according to preset information (a
diagnostic part of a test object) and an ultrasound probe 101
connected to the ultrasound diagnostic apparatus 100 as
diagnostic use information. The ultrasound probe 101 con-
nected to the ultrasound diagnostic apparatus 100 may be
changed to an ultrasound probe 101 of a same type or a
different type according to need. Here, a configuration in
which restriction information of a B-mode image scan
parameter is stored according to preset information and the
ultrasound probe 101 as diagnostic use information; how-
ever, this example does not set any limitation and, for
example, there may be a configuration in which the restric-
tion information of the B-mode image scan parameter is
stored according to the preset information or the ultrasound
probe 101 as the diagnostic use information.

[0115] As illustrated in FIG. 12A, the restriction informa-
tion of the B-mode image scan parameter is expressed as a
“restriction degree (of a scan parameter)” which is quanti-
fied with 0 to 10 for example, according to the menu
description 201 in the scan parameter restriction table 200.
Further, as illustrated in FIG. 12B, according to the restric-
tion degree and frame rate, an “evaluation value” that
indicates whether the operator prioritizes the image quality
of the B-mode image or prioritizes the frame rate is calcu-
lated and stored for each preset information and ultrasound
probe 101. The stored evaluation value is used to calculate
a “recommended value” which is a numerical value of a
recommended restriction degree. Regarding the evaluation
value, when the restriction degree used in the calculation is
higher (higher restriction), the frame rate is more prioritized
and, when the restriction degree used in the calculation is
lower (lower restriction), the image quality of the B-mode
image is more prioritized. Further, regarding the evaluation
value, when the frame rate used in the calculation is higher,
the frame rate is more prioritized and, when the frame rate
used in the calculation is lower, the image quality of the
B-mode image is more prioritized.

[0116] The scan parameter determination unit 91 accepts,
via the operator 2, an input to select preset information and
the ultrasound probe 101 (in a case that only one ultrasound
probe 101 is being connected to the ultrasound diagnostic
apparatus 100, the ultrasound probe 101 is automatically
selected), and outputs the accepted input to the evaluation
value calculation unit 93 and evaluation value storage unit
94.

[0117] Further, the scan parameter determination unit 91
changes the restriction degree according to an operation
input to change the restriction degree. Further, the scan
parameter determination unit 91 calculates a recommended
value of the restriction information of the B-mode image
scan parameter, requests the operator for an instruction
whether to change the restriction degree by displaying
information on the display 102, accepts, via the operator 2,
an input of instructing whether to change the restriction
degree, and controls the parameter management unit 92 to
change the restriction degree to the recommended value
according to the input instructing whether to change the
restriction degree.

[0118] The parameter management unit 92 changes the
restriction degree to the recommended value according to
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the instruction from the scan parameter determination unit
91. Further, the parameter management unit 92 calculates a
frame rate (of the combined image data) before being
restricted according to the setting information of the B-mode
image scan parameter, which is not restricted, according to
the instruction from the scan parameter determination unit
91. The frame rate before being restricted is used to calculate
an evaluation value and it is preferable to use the frame rate
before being restricted although a frame rate after being
restricted may be used.

[0119] The evaluation value calculation unit 93 calculates
an evaluation value with following Expression 5 by using
the restriction degree and the frame rate before being
restricted, which are input by the parameter management
unit 92.

[evaluation value]=ax[frame rate]®+[restriction
degree] (5)

where a is a weight constant, and b is a constant of an index
set in advance.
[0120] Further, the evaluation value calculation unit 93
calculates a recommended value with following Expression
6 by using the evaluation value stored in the storage 11 as
being associated with preset information and an ultrasound
probe 101, which are not being selected but input from the
scan parameter determination unit 91, and the frame rate
before being restricted, which is input from the parameter
management unit 92.
[recommended value]=[evaluation value]-ax[frame

rate]” (6)
[0121] The evaluation value storage unit 94 stores the
evaluation value calculated by the evaluation value calcu-
lation unit 93 in the storage 11 as associating with the preset
information and ultrasound probe 101, which are input from
the scan parameter determination unit 91 and being selected.
[0122] Next, with reference to FIG. 13, an operation by the
ultrasound diagnostic apparatus 100 will be described. A
second scan parameter restriction change process executed
by the ultrasound diagnostic apparatus 100 will be
described. The second scan parameter restriction change
process is a process to change a restriction degree of setting
information of a B-mode image scan parameter of a case that
the C mode 1s on with a recommended value based on an
evaluation value of the B-mode image scan parameter. In the
ultrasound diagnostic apparatus 100, for example, the con-
troller 9 executes the second scan parameter restriction
change process according to a second scan parameter restric-
tion change program stored in the ROM in response to a start
of the first ultrasound diagnostic process. In this manner, the
second scan parameter restriction change process is
executed before step S10 of the first ultrasound diagnostic
process for example.
[0123] As illustrated in FIG. 13, firstly, the scan parameter
determination unit 91 accepts an input to select preset
information and an ultrasound probe 101 corresponding to a
diagnosis to be performed from the operator via the operator
2 (step S41). Then, the scan parameter determination unit 91
determines, via the evaluation value storage unit 94, whether
an evaluation value corresponding to the selected preset
information and ultrasound probe 101, which are input in
step S41, are stored in the storage 11 (step S42).
[0124] When the evaluation value is stored (step S42,
YES), the scan parameter determination unit 91 determines
whether or not an input to change the restriction degree (for
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example, displaying the scan parameter restriction menu
region 400 of FIG. 10, inputting to select a menu (OFF, Al
to A5, Bl to B5) by the operator, and acquiring a restriction
degree corresponding to the selected menu) has been pet-
formed by the operator via the operator 2 (step S43). When
the input of a restriction degree is not performed (step S43,
NO), the second scan parameter restriction change process
ends.

[0125] When the input of a restriction degree is performed
(step S43, YES), the parameter management unit 92 calcu-
lates a frame rate before being restricted according to setting
information of the B-mode image scan parameter which is
not restricted upon an instruction from the scan parameter
determination unit 91 (step S44). Then, the evaluation value
calculation unit 93 calculates an evaluation value with
Expression 5 by using the restriction degree input in step
S43 and a frame rate before restriction calculated in step S44
(step S45).

[0126] Then, the evaluation value storage unit 94 updates,
with the evaluation value calculated in step S45, the evalu-
ation value, which corresponds to the selected preset infor-
mation and ultrasound probe 101 and is stored in the storage
11 as being associated with the preset information and
ultrasound probe 101 selected in step S41 (step S46), and
ends the second scan parameter restriction change process.
[0127] When the evaluation value is not stored (step S42,
NO), the parameter management unit 92 calculates a frame
rate before being restricted according to the setting infor-
mation of the B-mode image scan parameter, which is not
restricted, according to an instruction from the scan param-
eter determination unit 91 (step S47). Then, the parameter
management unit 92 reads an evaluation value, which does
not correspond to the preset information and ultrasound
probe 101 which are being selected from the storage 11, and
calculates and determines a recommended value of the
restriction degree with Expression 6 by using the read
evaluation value and the frame rate before restriction cal-
culated in step S47 (step S48). The evaluation value which
is not corresponding to the selected preset information and
ultrasound probe 101 is, for example, an evaluation value
corresponding to preset information and an ultrasound probe
101, one of which is the same as the selected preset
information and ultrasound probe 101, or all evaluation
values stored in the storage 11. Regarding the all evaluation
values stored in the storage 11, for example, an average
value of the evaluation values is calculated by the parameter
management unit 92 and the calculated average value of all
the evaluation values is used to calculate a recommended
value of a restriction degree.

[0128] Then, the scan parameter determination unit 91
displays, on the display 102, information to accept an input
of a restriction degree change availability, which is used to
input whether or not to change the current restriction degree
with the recommended value calculated in step S48 (step
S49). Then, according to the information to accept an input
of a restriction degree change availability displayed in step
S49, the scan parameter determination unit 91 determines
whether or not operation information of an agreement with
chanting the restriction degree with the recommended value
calculated in step S48 is input by the operator via the
operator 2 (step S50). When operation information of an
agreement is input (step S50, YES), the scan parameter
determination unit 91 changes the current restriction degree
to the recommended value calculated in step S48 (step S51).
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[0129] After step S51 or when the operation information
of an agreement is not input (step S50, NO), the evaluation
value calculation unit 93 calculates an evaluation value with
Expression 5 by using the frame rate before restriction
calculated in step S47 and the restriction degree changed in
step S51, or the restriction degree which is not changed in
step S50, NO (step S52).

[0130] Then, the evaluation value storage unit 94 stores
the evaluation value calculated in step S52 to the storage 11
as associating with the preset information and ultrasound
probe 101 being selected in step S41 (step S53) and ends the
second scan parameter restriction change process. Regard-
ing the set restriction degree, for example, in step S16 of the
first ultrasound diagnostic process and step S32 of the scan
parameter change setting process, the respective restriction
items 202, 203, and 204 of the menu description 201
corresponding to the restriction degree are used as restriction
information of a scan parameter.

[0131] As described above, according to the present
embodiment, in the ultrasound diagnostic apparatus 100, the
operator 2 accepts inputs of preset information and an
ultrasound probe 101 which are associated with the B-mode
image scan parameter, and a restriction degree indicating a
degree of restriction information of the B-mode image scan
parameter, and the controller 9 calculates an evaluation
value that indicates whether to prioritize the image quality of
the B-mode image or prioritize the frame rate by using the
input restriction degree and frame rate and stores the cal-
culated evaluation value to the storage 11 as associating with
the input preset information and ultrasound probe 101.
When preset information and an ultrasound probe 101
corresponding to an evaluation value, which is not stored in
the storage 11, are input, the controller 9 calculates a
recommended value of a restriction degree of the B-mode
image scan parameter by using an evaluation value and a
frame rate, which corresponds to another preset information
and ultrasound probe 101 of the input preset information and
ultrasound probe 101, and sets a restriction degree according
to the calculated recommended value. With this configura-
tion, a restriction degree whether the operator would priori-
tize the image quality of the B mode or prioritize the frame
rate is automatically studied, and a restriction degree can be
set according to the operator’s preference without setting
manually, even with different preset information and an
ultrasound probe 101 which are not selected.

[0132] Further, regarding the evaluation value, when the
restriction degree used in the calculation is higher, the frame
rate is prioritized and, when the restriction degree used in the
calculation is lower, the image quality of the B-mode image
is prioritized. Further, regarding the evaluation value, the
frame rate used in the calculation is higher, the frame rate is
more prioritized and, when the frame rate used in the
calculation is lower, the image quality of the B-mode image
is more prioritized.

[0133] Further, the operator 2 accepts information input
whether a change of the restriction degree to the calculated
recommended value is available, and the controller 9
changes the restriction degree to the calculated recom-
mended value according to an input of an agreement for
changing the restriction degree and does not change the
restriction degree to the calculated a recommended value
according to an input to prohibit the change of the restriction
degree. With this configuration, it can be prevented that a
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recommended value based on a study result is automatically
reflected to the restriction degree of the scan parameter.
[0134] Further, when the preset information and ultra-
sound probe 101 corresponding to an evaluation value which
is not store din the storage 11 are input, the controller 9 uses
an average value of evaluation values corresponding to the
all preset information and ultrasound probe 101 stored in the
storage 11 or an evaluation value corresponding to the preset
information and ultrasound probe 101 one of which is the
same as the preset information and ultrasound probe 101
which are input and stored in the storage 11, as different
preset information and ultrasound probe 101 from the input
preset information and ultrasound probe 101. With this
configuration, a recommended value can be calculated by
using an evaluation value corresponding to different proper
preset information and ultrasound probe 101.

[0135] The above description has described an example in
which a ROM is used as a computer readable medium of a
program according to the present invention; however, the
present invention is not limited by this example.

[0136] As another computer-readable medium, a non-
volatile memory such as a flash memory, and a portable
recording medium such as a CD-ROM may be used.
[0137] Further, as a medium for providing program data
according to the present invention via a communication line,
a carrier wave may be applied to the present invention.
[0138] Here, according to the description of the above
embodiments is an example of a preferable ultrasound
diagnostic apparatus, an ultrasound diagnostic image gen-
erating method and a program according to the present
invention and the present invention is not limited to this
example.

[0139] Forexample, according to the above embodiments,
there may be a configuration in which the first and second
embodiments are combined according to need.

[0140] Further, the respective embodiments have
described configurations in which the B-mode image data as
a first image mode and C-mode image data in a C (color
flow) mode including a color Doppler mode and a power
Doppler mode as a second image mode are combined,
however, this example does not set any limitation. There
may be a configuration in which the B mode image data and
different image data in a second image mode such as tissue
Doppler imaging (2D-TDI) and elastography mode as the
second image mode are combined.

[0141] Further, modifications may be applied to specific
configurations and specific operations of the respective units
composing the ultrasound diagnostic apparatus 100 accord-
ing to the above embodiments within a scope of the present
invention according to need.

[0142] Although embodiments of the present invention
have been described and illustrated in detail, it is clearly
understood that the same is by way of illustration and
example only and not limitation, the scope of the present
invention should be interpreted by terms of the appended
claims.

What is claimed is:

1. An ultrasound diagnostic apparatus that can combine
image data and has a first image mode and a second image
mode, the ultrasound diagnostic apparatus comprising:

a hardware processor that sets a scan parameter of an
image of a first image mode according to restriction
information of the scan parameter of the image of the
first image mode, which affects a frame rate, when the
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second image mode is turned on and generates control
information corresponding to the set scan parameter;

a transmitter that generates a drive signal according to the
generated control information and inputs the drive
signal to an ultrasound probe that transmits transmis-
sion ultrasound to a test object according to the drive
signal and receives reflected ultrasound;

a receiver that generates a reception signal of the images
in the first and second image modes from an electric
signal generated in the ultrasound probe, according to
the generated control information;

a first-image-mode image generator that generates first-
image-mode image data based on the generated recep-
tion signal of the image of the first image mode;

a second-image-mode image generator that generates
second-image-mode image data based on the generated
reception signal of the image in the second image
mode; and

a combiner that generates combined image data by com-
bining the generated first-image-mode image data and
the generated second-image-mode image data.

2. The ultrasound diagnostic apparatus according to claim

1, wherein

the hardware processor

changes the scan parameter of the image of the first image
mode to setting information that does not exceed the
restriction information when the second image mode is
turned on and the scan parameter of the image of the
first image mode exceeds the restriction information of
the scan parameter of the image of the first image mode
and

does not change the scan parameter of the image of the
first image mode when the second image mode is
turned on and the scan parameter of the image of the
first image mode does not exceed the restriction infor-
mation of the scan parameter of the image of the first
image mode.

3. The ultrasound diagnostic apparatus according to claim

1, further comprising

a first operator that accepts an input specifying whether or
not to activate the restriction information of the scan
parameter of the image of the first image mode when
the second image mode is on, wherein

when it is specified to activate the restrict information of
the scan parameter of the image of the first image
mode, the hardware processor sets a scan parameter of
the image of the first image mode which does not
exceed the restriction information of the scan parameter
of the image of the first image mode.

4. The ultrasound diagnostic apparatus according to claim

3, wherein

when the second image mode is on, the first operator
accepts an input specifying a degree of the restriction
information of the scan parameter of the image of the
first image mode, and

when it is specified to activate the restriction information
of the scan parameter of the image of the first image
mode, the hardware processor sets a scan parameter of
the image of the first image mode which does not
exceed the specified degree of the restriction informa-
tion of the scan parameter of the image of the first
image mode.

5. The ultrasound diagnostic apparatus according to claim

1, further comprising

12
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a second operator that accepts a specification of a degree
of the restriction information of the scan parameter of
the image of the first image mode when the second
image mode is on, wherein

the hardware processor sets a scan parameter of the image
of the first image mode which does not exceed the
specified degree of the restriction information of the
scan parameter of the image of the first image mode.

6. The ultrasound diagnostic apparatus according to claim

3, wherein

the hardware processor

stores setting information of the scan parameter of the
image of the first image mode in the first image mode
to a first storage when the second image mode is turned
on,

changes the scan parameter of the image of the first mode
to the stored setting information of the scan parameter
when the second image mode is on and the restriction
information of the scan parameter of the image of the
first image mode is switched from an active state to an
inactive state, and

changes the scan parameter of the image of the first image
mode to setting information which does not exceed the
changed restriction information of the scan parameter
when the second image mode is on and restriction
information of the scan parameter of the image of the
first image mode is switched from the inactive state to
the active state.

7. The ultrasound diagnostic apparatus according to claim

4, wherein

the hardware processor

stores the setting information of the scan parameter of the
image of the first image mode in the first image mode
to a first storage when the second image mode is turned
on,

accepts a change of the degree of the restriction informa-
tion of the scan parameter of the image of the first
image mode when the second image mode is on,

changes the scan parameter of the image of the first image
mode to the stored setting information of the scan
parameter when the stored setting information of the
scan parameter does not exceed the changed degree of
the restriction information, and

changes the scan parameter of the image of the first image
mode to the setting information which does not exceed
the changed restriction information of the scan param-
eter when the stored setting information of the scan
parameter exceeds the changed degree of the restriction
information.

8. The ultrasound diagnostic apparatus according to claim

1, wherein

the hardware processor

stores the setting information of the scan parameter of the
image of the first image mode in the first image mode
to a first storage when the second image mode is turned
on, and

resets the scan parameter of the image of the first image
mode to the stored setting information of the scan
parameter of the image of the first image mode when
the second image mode is turned off.

9. The ultrasound diagnostic apparatus according to claim

1, further comprising
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a third operator that accepts an input to change the scan
parameter of the image of the first image mode,
wherein

when the second image mode is on, the hardware proces-
sor prohibits changing the scan parameter to the
changed and input scan parameter of the image of the
first image mode which exceeds the restriction infor-
mation of the scan parameter of the image of the first
image mode.

10. The ultrasound diagnostic apparatus according to

claim 9, wherein

when the second image mode is on, the hardware proces-
sor changes the scan parameter to the changed and
input scan parameter of the image of the first image
mode within the range which does not exceed the
restriction information of the scan parameter of the
image of the first image mode.

11. The ultrasound diagnostic apparatus according to

claim 8, wherein

when the second image mode is on and the scan parameter
of the image of the first image mode is changed within
a range which does not exceed the restriction informa-
tion of the scan parameter of the image of the first
image mode, the hardware processor updates the stored
setting information of the scan parameter of the image
of the first image mode with the changed scan param-
eter of the image of the first image mode.

12. The ultrasound diagnostic apparatus according to

claim 1, wherein

the scan parameter is at least one of a scan density, THI
of a pulse inversion method, multiple focusing, and a
synthetic aperture.

13. The ultrasound diagnostic apparatus according to

claim 1, further comprising

a fourth operator that accepts an input of diagnostic use
information that is associated with the scan parameters
of the image of the first image modes and a restriction
degree that indicates a degree of the restriction infor-
mation of the scan parameter of the image of the first
image mode, wherein

the hardware processor calculates an evaluation value that
indicates whether to prioritize an image quality of the
image of the first image mode or prioritize a frame rate
by using the input restriction degree and a frame rate,

stores the calculated evaluation value to a second storage
as associating with the input diagnostic use informa-
tion,

calculates a recommended value of the restriction degree
of the scan parameter of the image of the first image
mode by using the evaluation value and frame rate
corresponding to diagnostic use information which is
different from the input diagnostic use information
when the diagnostic use information corresponding to
an evaluation value which is not stored in the second
storage 1s input, and

sets a restriction degree according to the calculated rec-
ommended value.

14. The ultrasound diagnostic apparatus according to

claim 13, wherein

regarding the evaluation value, when a restriction degree
used in the calculation is higher, the frame rate is
prioritized and, when the restriction degree used in the
calculation is lower, the image quality of the image of
the first image mode is prioritized.
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15. The ultrasound diagnostic apparatus according to
claim 13, wherein
regarding the evaluation value, when the frame rate used
in the calculation is faster, the frame rate is prioritized
and, when the frame rate used in the calculation is
slower, the image quality of the image of the first image
mode is prioritized.
16. The ultrasound diagnostic apparatus according to
claim 13, wherein
the fourth operator accepts an input of information that
indicates availability of a change of the restriction
degree to the calculated recommended value, and
the hardware processor changes the restriction degree to
the calculated recommended value according to an
input of agreement for changing the restriction degree,
and does not change the restriction degree to the
calculated recommended value according to an input to
prohibit changing the restriction degree.
17. The ultrasound diagnostic apparatus according to
claim 13, wherein
when diagnostic use information corresponding to an
evaluation value which is not stored in the second
storage is input, the hardware processor uses, as diag-
nostic use information different from the input diag-
nostic use information, an average value of all evalu-
ation values corresponding to diagnostic use
information stored in the second storage or an evalu-
ation value corresponding to the diagnostic use infor-
mation including a piece of information which is the
same as the input diagnostic use information stored in
the second storage.
18. The ultrasound diagnostic apparatus according to
claim 13, wherein
the diagnostic use information is at least one of preset
information and an ultrasound probe.
19. The ultrasound diagnostic apparatus according to
claim 1, wherein
the first image mode is a B mode, and
the second image mode is a color Doppler mode, a power
Doppler mode, tissue Doppler imaging or an elastog-
raphy mode.
20. An ultrasound diagnostic image generating method
that can combine image data and uses a first image mode and
a second image mode, the method comprising:

setting a scan parameter of an image of a first image mode
according to restriction information of the scan param-
eter of the image of the first image mode that affects a
frame rate and generating control information accord-
ing to the set scan parameters when the second image
mode is on;

generating a drive signal according to the generated
control information and inputting the drive signal to an
ultrasound probe that transmits transmission ultrasound
to a test object according to the drive signal and
receives reflected ultrasound;

generating reception signals of images of the first and
second image modes from an electric signal generated
in the ultrasound probe, according to the generated
control information;

generating first-image-mode image data based on the
generated reception signal of the image of the first
image mode;
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generating second-image-mode image data based on the
generated reception signal of the image of the second
image mode; and

generating combined image data by combining the gen-

erated first-image-mode image data and the generated
second-image-mode image data.

21. A non-transitory recording medium storing a com-
puter readable program causing a computer of an ultrasound
diagnostic apparatus that can combine image data and has a
first image mode and a second image mode to function as:

a hardware processor that sets a scan parameter of an

image of a first image mode according to restriction
information of the scan parameter of the image of the
first image mode, which affects a frame rate, when the
second image mode is turned on and generates control
information corresponding to the set scan parameter;

a transmitter that generates a drive signal according to the

generated control information and inputs the drive
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signal to an ultrasound probe that transmits transmis-
sion ultrasound to a test object according to the drive
signal and receives reflected ultrasound,

a receiver that generates a reception signal of the images
in the first and second image modes from an electric
signal generated in the ultrasound probe, according to
the generated control information;

a first-image-mode image generator that generates first-
image-mode image data based on the generated recep-
tion signal of the image of the first image mode;

a second-image-mode image generator that generates
second-image-mode image data based on the generated
reception signal of the image in the second image
mode; and

a combiner that generates combined image data by com-
bining the generated first-image-mode image data and
the generated second-image-mode image data.
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