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FIG. 6
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FIG. 9
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ULTRASOUND DIAGNOSTIC IMAGING
DEVICE, AND METHOD FOR GENERATING
ULTRASOUND IMAGES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2009-
189863, filed Aug. 19, 2009; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] The present embodiment relates to an ultrasound
diagnostic imaging device that sets an optional-direction
M-mode cursor on a B-mode diagnostic image, and a method
for generating ultrasound images.

BACKGROUND

[0003] In diagnostic imaging using an ultrasound diagnos-
tic imaging device, the presence and the region of disease are
determined by means of a B-mode image (tomographic
view), which represents the region to be diagnosed, measure-
ments are performed using M-mode images, and the severity
is quantitatively evaluated. These M-mode images are images
that represent the change over time of lTuminance levels in the
direction of the scan lines in the B-mode image. In particular,
M-mode images are images that represent the luminance
levels of lines that run in the direction of the scan lines, with
time on the horizontal axis and depth on the vertical axis.
[0004] For example, a technology to generate M-mode
images using lines that run in an optional direction in the
B-mode image is proposed.

[0005] When displaying M-mode images in an optional
direction, an M-mode image cursor (sometimes also termed
the M-mode image extraction line) is displayed so that it is
overlaid on the B-mode image.

[0006] The M-mode image cursor’s center position, length
and angle are then set.

[0007] The setting method for the M-mode image cursor
will now be described. First, a B-mode diagnostic image is
displayed on the monitor for a morphological diagnosis.
Next, the operator, using the input unit, sets the position
(center position, length and angle) of the M-mode image
cursor that is to be displayed on the B-mode diagnostic image.
For example, the operator, using the input unit, in setting the
M-mode image cursor at the desired position and rotating the
M-mode image cursor as necessary by adjusting the center
position and length of the M-mode image cursor, sets the
M-mode image cursor in an optional direction with respect to
the diagnostic region.

[0008] Inthe mannerdescribed above, the operator sets the
M-mode image cursor on the B-mode diagnostic image.
However, each time the scan cross-section that is scanned
using ultrasound (for example, the scan cross-sections for
generating images such as four-chamber view, long axis view
or short axis view) is changed, it is necessary to set the center
position, length and angle of the M-mode image cursor each
time.

[0009] In other words, when the scan cross-section is
changed, the operator, while applying an ultrasound probe to
the subject with one hand, has to once again set the center
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position, length and angle of the M-mode image cursor. For
this reason, these operations represent a burden on the opera-
tor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram showing an ultrasound diagnos-
tic imaging device according to this embodiment.

[0011] FIG. 2isablock diagram showing an image proces-
SOf.
[0012] FIG. 3 is a block diagram showing a system control-
ler.
[0013] FIG. 4 is a display example of an M-mode diagnos-

tic image cursor selection screen.

[0014] FIG. 5 is a flow chart for describing a selection
process for an optional-direction M-mode diagnostic image
cursor displayed on a B-mode diagnostic image.

[0015] FIG. 6 is a flow chart for describing the selection
process for the optional-direction M-mode diagnostic image
cursor displayed on the B-mode diagnostic image.

[0016] FIG. 7 is a display example of a B/M-mode display
screen when an optional-direction M-mode cursor image is
superimposed and displayed on the B-mode diagnostic

image.

[0017] FIG. 8is a view showing a console in which buttons
are installed.

[0018] FIG. 9isa view showing aconsole in which a switch
is installed.

[0019] FIG. 10 is a view showing a display screen in which

amenu is displayed.

DETAILED DESCRIPTION

[0020] The ultrasound diagnostic imaging device accord-
ing to the present embodiment has a B-mode diagnostic
image generator, an optional-direction M-mode diagnostic
image generator, an optional-direction M-mode cursor set
position information selector, a memory, and an optional-
direction M-mode cursor image generator.

[0021] The B-mode diagnostic image generator generates
B-mode diagnostic images based on echo signals obtained by
scanning the subject using ultrasound.

[0022] The optional-direction M-mode diagnostic image
generator generates optional-direction M-mode diagnostic
images based on the set position information of the optional-
direction M-mode cursor.

[0023] The optional-direction M-mode cursor set position
information selector is for selecting the set position informa-
tion of the optional-direction M-mode cursor.

[0024] The memory stores the set position information of
the optional-direction M-mode cursor associated with the
optional-direction M-mode cursor set position information
selector.

[0025] The optional-direction M-mode cursor image gen-
erator generates optional-direction M-mode cursor images
based on the set position information of the optional -direction
M-mode cursor that has been associated with the selected
optional-direction M-mode cursor set position information
selector.

[0026] Below, making reference to the figures, the embodi-
ments are described.

[0027] FIG. 1 is a block diagram showing an ultrasound
diagnostic imaging device.

[0028] The head of an ultrasound probe 1 is brought into
contact with the body surface of the subject, and the trans-
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mission and reception of ultrasound is performed. The ultra-
sound probe 1 has a plurality of piezoelectric vibrators. This
plurality of piezoelectric vibrators is arrayed 1-dimensionally
or 2-dimensionally on the head of the ultrasound probe 1. The
ultrasound probe 1 receives echo signals obtained by scan-
ning the subject using ultrasound, and outputs them to a
transceiver 2.

[0029] The transceiver 2 generates ultrasound driven sig-
nals for producing ultrasound, and outputs them to the ultra-
sound probe 1.

[0030] Moreover, the transceiver 2 performs beamforming
(delay-and-sum processing) on the ultrasound signals
received over a plurality of channels obtained from the piezo-
electric vibrators of the ultrasound probe 1, and outputs the
echo signals obtained by the beamforming (delay-and-sum
processing) to a signal processor 3.

[0031] The signal processor 3 has a B-mode processor, a
Doppler processor and a color mode processor. The B-mode
processor performs signal processing of the amplitude infor-
mation for the echo signals output from the transceiver 2. The
B-mode processor outputs to an image processor 4 the
B-mode ultrasound raster data that was generated by per-
forming the signal processing. The Doppler processor
extracts the Doppler shift frequency components from the
echo signals output from the transceiver 2, and by further
performing FFT (Fast Fourier Transform) processing, etc.,
generates blood flow information.

[0032] TheDoppler processor outputs the blood flow infor-
mation to the image processor 4.

[0033] The color mode processor performs signal process-
ing of the blood flow information based on the echo signals
output from the transceiver 2.

[0034] The color mode processor outputs to the image pro-
cessor 4 the color ultrasound raster data generated by per-
forming the signal processing.

[0035] The image processor 4, as shown in FIG. 2, has a
DSC (Digital Scan Converter) 4A, a B-mode diagnostic
image generator 4B, an M-mode diagnostic image generator
4C, and an image synthesizer 4D.

[0036] The DSC 4A, by performing a scan conversion pro-
cess, converts the data output from the signal processor 3 into
information expressed as Cartesian coordinates. The DSC 4A
outputs the information converted into Cartesian coordinates
to the B-mode diagnostic image generator 4B and the
M-mode diagnostic image generator 4C.

[0037] The B-mode diagnostic image generator 4B gener-
ates B-mode diagnostic images based on the information
converted into Cartesian coordinates, which has been output
from the DSC 4A. The B-mode diagnostic image generator
4B outputs the B-mode diagnostic image data to the image
synthesizer 4D.

[0038] The M-mode diagnostic image generator 4C genet-
ates optional-direction M-mode diagnostic images from the
information converted into Cartesian coordinates, which has
been output from the DSC 4A based on the optional-direction
M-mode cursor set position information (described below),
which has been output from the system controller 6. The
M-mode diagnostic image generator 4C outputs the optional-
direction M-mode diagnostic image data to the image synthe-
sizer 4D.

[0039] The image synthesizer 4D synthesizes the B-mode
diagnostic image data that has been output from the B-mode
diagnostic image generator 4B, the M-mode diagnostic
image data that has been output from the M-mode diagnostic
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image generator 4C, and the M-mode cursor image data (de-
scribed below) that has been output from the system control-
ler 6, and outputs the data after synthesis to a display 5.

[0040] Thedisplay 5 comprises, for example, a liquid crys-
tal display.
[0041] The display 5 functions as a diagnostic image dis-

play part, displaying various kinds of operating screens and
images, based on data that has been output from the image
processor 4.

[0042] The system controller 6 comprises, for example, a
CPU (Central Processing Unit), a ROM (Read Only
Memory), a RAM (Random Access Memory) and an HDD
(Hard Disk). The system controller 6 performs control of each
unit by reading and executing programs, etc., that are stored in
memory, based on input signals that have been input using the
operation unit 7.

[0043] The system controller 6, as shown in FIG. 3, has an
operation detection unit 6A, an optional-direction M-mode
cursor controller 6B, an optional-direction M-mode cursor
set position information memory 6C, an optional-direction
M-mode cursor image generator 6D, and an optional-direc-
tion M-mode cursor operation unit display controller 6E.
[0044] The operation detection unit 6A functions as a
detection means for detecting a prescribed operation that has
been input by an operator, based on an input signal that has
been input using the operation unit 7.

[0045] For example, when an operation is performed to
instruct the display of various kinds of operating screens on
the operation unit 7 (for example, display of the M-mode
cursor selection icon for a diagnostic region), when an opera-
tion is performed to instruct the display of an image (for
example, the M-mode cursor set operation), or when an
operation is performed to switch from the B-mode display to
the B/M-mode display, the operation detection unit 6A out-
puts a signal indicating the respective operation details to the
optional-direction M-mode cursor controller 6B.

[0046] Furthermore, the operation detection unit 6A out-
puts to the optional-direction M-mode cursor controller 6B a
signal indicating the operation details when an operation to
select the optional-direction M-mode cursor is performed in
operation unit 7.

[0047] The optional-direction M-mode cursor controller
6B controls the display of various kinds of operating screens
and images on the display 5, based on signals indicating the
operation details output from the operation detection unit 6 A,
controls the switching of the B-mode display screen being
displayed on the display 5 to the B/M-mode display screen,
etc.

[0048] The optional-direction M-mode cursor controller
6B reads the optional-direction M-mode cursor set position
information, which is preset for each B-mode image scan
cross-section, from the optional-direction M-mode cursor set
positioninformation memory 6C, based ona signal indicating
the operation details that is output from the operation detec-
tion unit 6A. The M-mode cursor set position information that
has been read is output to the optional-direction M-mode
cursor image generator 6D, the optional-direction M-mode
cursor operation unit display controller 6, and the M-mode
diagnostic image generator 4C of the image processor 4.
[0049] The optional-direction M-mode cursor set position
information memory 6C functions as a memory part that
stores the optional-direction M-mode cursor set position
information (cursor center position, cursor length, cursor
angle, etc.) that is preset for each scan cross-section of the
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B-mode image. For example, the scan cross-sections of the
B-mode images for the left ventricle long axis view, Apical 4
Chamber view, Apical 2 Chamber view, Apical long axis
view, and left ventricle short axis view are respectively asso-
ciated, and the optional-direction M-mode cursor set position
information is stored.

[0050] The optional-direction M-mode cursor image gen-
erator 6D generates data for displaying the optional-direction
M-mode cursor image (lines), based on the optional-direction
M-mode cursor set position information that has been output
from the optional-direction M-mode cursor controller 6B,
and outputs the optional-direction M-mode cursor image data
to the image synthesizer 4D.

[0051] The optional-direction M-mode cursor operation
unit display controller 6F displays on the Touch Command
Screen of the operating unit 7 the selection icons (described
below in FIG. 4), as the optional-direction M-mode cursor
operation unit, based on the optional-direction M-mode cur-
sor set position information that has been output from the
optional-direction M-mode cursor controller 6B.

[0052] Furthermore, the optional-direction M-mode cursor
operating unit display controller 6E superimposes the image
of the optional-direction M-mode cursor that has been preset
for each scan cross-section of the B-mode diagnostic image
on the selection icons.

[0053] Theoperationunit 7 comprises aninput device, such
as a keyboard or a mouse, for the operator of an ultrasound
diagnostic imaging device to input various kinds of opera-
tions, and a Touch Command Screen. The operation unit 7
generates an input signal to the system controller 6, based on
the operations of the operator, and sends the input signal to the
system controller 6. The Touch Command Screen is config-
ured to enable the performing of operations by the operator
directly pushing down the icons, etc. that are displayed on the
screen.

[0054] The ultrasound diagnostic imaging device accord-
ing to the present embodiment, if B/M simultaneous mode
(simultaneous display of B-mode images and M-mode
images) is selected by the operation unit 7, then together with
displaying simultaneously on display 5 the B-mode diagnos-
tic images and the M-mode diagnostic images, for example,
as shown in FIG. 4, the cursor selection screen W1 for select-
ing the optional-direction M-mode cursor that is preset for
each B-mode image scan cross-section is displayed on the
Touch Command Screen.

[0055] Inthe display example of FIG. 4, icons A0 to A6 for
selecting the optional-direction M-mode image cursor are
arranged on the cursor selection screen W1. These icons A0 to
A6 function as a selector for selecting the optional-direction
M-mode image cursor.

[0056] The text “default” is displayed in icon A0. A mor-
phological image representing a B-mode left ventricle long
axis view and an optional-direction M-mode image cursor
(the thick lines within the images in F1G. 4) for setting on that
B-mode left ventricle long axis view are visually displayed in
icon Al. A morphological image representing a B-mode api-
cal 4-chamber view and an optional-direction M-mode image
cursor for setting on that B-mode apical 4-chamber view are
visually displayed in icon A2. A morphological image repre-
senting a B-mode apical 2-chamber view and an optional-
direction M-mode image cursor for setting on that B-mode
apical 2-chamber view are visually displayed in icon A3.
[0057] A morphological image representing a B-mode left
ventricle long axis view and an optional-direction M-mode
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image cursor for setting on that B-mode left ventricle long
axis view are visually displayed in icon A4. A morphological
image representing a B-mode apical long axis view and an
optional-direction M-mode image cursor for setting on that
B-mode apical long axis view are visually displayed in icon
AS5. A morphological image representing a B-mode left ven-
tricle short axis view and an optional-direction M-mode
image cursor for setting on that B-mode left ventricle short
axis view are visually displayed in icon A6.

[0058] The optional-direction M-mode cursor set position
information for the B-mode diagnostic image scan cross-
section that is stored in the optional-direction M-mode cursor
set position information memory 6C is preset (associated) for
these icons A0 to A6 respectively.

[0059] The optional-direction M-mode cursor set position
information that is preset in icon A0 is default information
(for example, information for forming a line connecting the
irradiation position and depth of the ultrasound beam in an
almost vertical direction), but the default settings may be
made capable of modification by the operator.

[0060] Furthermore, the optional-direction M-mode cursor
set position information that is preset in icons Al to A6 may
also be made capable of modification by the operator. More-
over, display position of the M-mode image cursor may also
be made capable of modification by the operator.

[0061] The operator, by just pushing down on any of the
icons A0 to A6 on the cursor selection screen W1 that is
displayed on the Touch Command Screen, causes the
optional-direction M-mode cursor set position information to
be read from the optional-direction M-mode cursor set posi-
tion information memory 6C, and can easily set the optional-
direction M-mode cursor corresponding to the diagnostic
region during an examination (corresponding to the position
on the subject at which the ultrasound probe 1 is applied).

[0062] Next, referring to the flow charts in FIG. 5 and FIG.
6, the selection process for the optional-direction M-mode
cursor displayed on the B-mode diagnostic image is
described. When this process is started, the B-mode diagnos-
tic image is displayed on the display 5.

[0063] In step S1, the operation detection unit 6A deter-
mines whether the B/M simultaneous mode has been selected
in the operation unit 7 or not, and waits until the B/M simul-
taneous mode has been selected in the operation unit 7. Sub-
sequently, in step S1, if the B/M simultaneous mode has been
selected in the operation unit 7, the operation detection unit
6A outputs a signal indicating the details of that operation to
the optional-direction M-mode cursor controller 6B. The pro-
cessing proceeds to step S2.

[0064] In step S2, the optional-direction M-mode cursor
controller 6B reads the default optional-direction M-mode
cursor set position information from the optional-direction
M-mode cursor set position information memory 6C, based
on a signal indicating the details of the operation that has been
output from the operation detection unit 6A.

[0065] The default optional-direction M-mode cursor set
position information that has been read is output to the
optional-direction M-mode cursor image generator 6D, the
optional-direction M-mode cursor operation unit display
controller 6F, and the M-mode diagnostic image generator
4C.

[0066] Instep S3, the M-mode diagnostic image generator
4C generates a default M-mode diagnostic image, based on
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the default optional-direction M-mode cursor set position
information that has been output from the optional-direction
M-mode cursor controller 6B.

[0067] In Step S4, the optional-direction M-mode cursor
image generator 6E generates a default optional-direction
M-mode cursor image for synthesis on the B-mode diagnostic
image, based on the default optional-direction M-mode cut-
sor set position information that has been output from the
optional-direction M-mode cursor controller 6B.

[0068] InstepSS, theimage synthesizer 4D synthesizes the
B-mode diagnostic image data that has been generated by the
B-mode diagnostic image generator 4B, the default M-mode
diagnostic image data that has been generated by the M-mode
diagnostic image generator 4D in the processing of step S3,
and the default M-mode cursor image data that has been
generated by the optional-direction M-mode cursor image
generator 6F in the processing of step S4, and simultaneously
displays them on the display 5.

[0069] In Step S6, the optional-direction M-mode cursor
operation unit display controller 6E displays on the Touch
Command Screen of the operating unit 7 the selection icons of
the optional-direction M-mode cursor, based on the optional-
direction M-mode cursor set position information that has
been output from the optional-direction M-mode cursor con-
troller 6B.

[0070] From this, as shown in FIG. 4, the cursor selection
screen. W1 (optional-direction M-mode cursor selection
icons) for selecting the optional-direction M-mode cursor
that is preset for each B-mode image scan cross-section is
displayed on the Touch Command Screen of the operation
unit 7. Furthermore, the optional-direction M-mode cursor
images are synthesized on the selection icons, based on the
optional-direction M-mode cursor set position information.
In addition, icon A0 (default) is displayed highlighted.
[0071] In step S7, the operation detection unit 6A deter-
mines whether any of the icons Al to A6 arranged on the
cursor selection screen W1 of the Touch Command Screen
have been pushed down or not, and waits until any of the icons
Al to A6 have been pushed down.

[0072] Subsequently, in step S7, if it is determined that any
of the icons A1 to A6 have been pushed down, the operation
detection unit 6A outputs a signal indicating the details of that
operation to the optional-direction M-mode cursor controller
6B. The processing proceeds to step S8.

[0073] The processing from step S8 onward is described,
referring to the flow chart in FIG. 6.

[0074] In step S8, the optional-direction M-mode cursor
controller 6B reads the selected optional-direction M-mode
cursor set position information from the optional-direction
M-mode cursor set position information memory 6C, based
on a signal indicating the operation details that is output from
the operation detection unit 6A. The optional-direction
M-mode cursor controller 6B outputs the selected optional-
direction M-mode cursor set position information to the
optional-direction M-mode cursor image generator 6D, the
optional-direction M-mode cursor operation unit display
controller 6F, and the M-mode diagnostic image generator
4C.

[0075] Instep S9, the M-mode diagnostic image generator
4C generates M-mode diagnostic image in the selected
optional-direction based on the optional-direction M-mode
cursor set position information that has been output from the
optional-direction M-mode cursor controller 6B.
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[0076] 1In step S10, the optional-direction M-mode cursor
image generator 6E generates the optional-direction M-mode
cursor image for synthesis on the B-mode diagnostic image,
based on the optional-direction M-mode cursor set position
information that has been output from the optional-direction
M-mode cursor controller 6B.

[0077] In step S11, the image synthesizer 4D synthesizes
the B-mode diagnostic image data that has been generated by
the B-mode diagnostic image generator 4B, the M-mode
diagnostic image data that has been generated by the M-mode
diagnostic image generator 4C in the processing of step S9,
and the M-mode cursor image data that has been generated by
the optional-direction M-mode cursor image generator 6E in
the processing of step S10, and simultaneously displays them
on the display 5.

[0078] In step S12, the optional-direction M-mode cursor
operation unit display controller 6E displays in a highlighted
state the icon selected in the processing of step S7, among
optional-direction M-mode cursor selection icons being dis-
played on the Touch Command Screen of the operation unit 7.
[0079] FIG. 7 is a figure showing a display example of a
B/M-mode display screen W2 when an optional-direction
M-mode cursor image is superimposed on a B-mode diag-
nostic image in B/M simultaneous mode.

[0080] As shown in FIG. 7, the B-mode diagnostic image
P1, concerning the diagnostic region Q within the subject’s
body, is displayed in the B-mode diagnostic image display
area on the right side of the screen in the B/M-mode display
screen W2. On the B-mode diagnostic image P1. the optional-
direction M-mode cursor image C is displayed. The optional-
direction M-mode diagnostic image P2 for the optional-di-
rection M-mode cursor image C of the B-mode diagnostic
image is displayed in the M-mode diagnostic image display
area on the left side of the screen.

[0081] Inthis way, by a simple operation of selecting any of
the icons Al to A6 arranged on the cursor selection screen W1
thatis displayed on the Touch Command Screen, the optional-
direction M-mode cursor image C can be set on the B-mode
diagnostic image P1.

[0082] In step S13, the operation detection unit 6A deter-
mines whether any of the icons Al to A6 arranged on the
cursor selection screen W1 of the Touch Command Screen
have been pushed down or not. In other words, the operation
detection unit 6A, after the position of applying the ultra-
sound probe 1 is modified by the operator, determines
whether any of the icons Al to A6 arranged on the cursor
selection screen W1 of the Touch Command Screen have
been pushed down or not.

[0083] Instep S13, if the operation detection unit 6 A deter-
mines that any icon among the icons Al to A6 has been
selected (step S13, YES), then processing returns to step S8,
and the abovementioned processing is performed again. In
this way, optional-direction M-mode cursor set position
information based on a newly selected scan cross-section is
read (step S8), optional-direction M-mode diagnostic images
are generated for the newly selected scan cross-section (step
S9), optional-direction M-mode cursor images are generated
for the newly selected scan cross-section (step S10), and the
B-mode diagnostic images, M-mode diagnostic images and
optional-direction M-mode cursor images are synthesized
and displayed (step S11).

[0084] In Step S13, if none of the icons among the icons Al
to A6 has been selected (step S13, NO), the processing pro-
ceeds to step S14.
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[0085] Furthermore, the operation detection unit 6A deter-
mines whether an operation has been performed to instruct
examination termination or display termination in operation
unit 7, and if it determines that it is not examination termina-
tion or display termination, then it returns to step S13, and the
abovementioned processing is performed again.

[0086] Instep S14,ifitis determined that it is examination
termination or display termination, then the selection process
of the optional-direction M-mode cursor is terminated.
[0087] As described above, the operator, while applying the
ultrasound probe 1 to the subject, by a simple operation of
pushing down once on an icon displayed on the Touch Com-
mand Screen, can set the optional-direction M-mode cursor
(center position, length, angle) on the B-mode diagnostic
image.

[0088] Moreover, in cases where the scan cross-section is
modified also, by a simple operation of pushing down once on
an icon displayed on the Touch Command Screen, the
optional-direction M-mode cursor can be set again. Hence,
along with reducing the burden on the operator, it is possible
to achieve an improvement in examination efficiency and a
reduction in examination time.

[0089] In the above description, a selector for selecting an
optional-direction M-mode cursor for a scan cross-section of
a B-mode diagnostic image is implemented by displaying
icons on the Touch Command Screen. In the present embodi-
ment, without being limited to icons, for example, in the
operation unit 7, abutton or switch functioning as an optional-
direction M-mode cursor selector may be provided.

(When a Button Functions as an Optional-Direction M-Mode
Cursor Selector)

[0090] Referring to FIG. 8, one example of a button func-
tioning as an optional-direction M-mode cursor selector is
described. FIG. 8 is a figure showing a console in which
buttons are installed.

[0091] Inaconsole 7A of operation unit 7, buttons B0 to B6
for selecting the optional-direction M-mode image cursor
have been arranged. These buttons B0 to B6 function as a
selector for selecting the optional-direction M-mode image
cursor. Text indicating the respective scan cross-sections is
attached to buttons B0 to B6.

[0092] Forexample, the text “default” is attached to button
BO.
[0093] The text “left ventricle long axis view 1””in B-mode

is attached to button B1.

[0094] The text “Apical 4 Chamber view” in B-mode is
attached to button B2.

[0095] The text “Apical 2 Chamber view” in B-mode is
attached to button B3.

[0096] The text “left ventricle long axis view 2 in B-mode
is attached to button B4.

[0097] The text “Apical long axis view” in B-mode is
attached to button B5.

[0098] Thetext “left ventricle short axis view” in B-mode is
attached to button B6.

[0099] For each of the buttons B0 to B6, the optional-
direction M-mode cursor set position information for the scan
cross-section of the B-mode diagnostic image, which is
stored in the optional-direction M-mode cursor set position
information memory 6C, is preset (associated).

[0100] The optional-direction M-mode cursor set position
information that is preset for button B0 is the default infor-
mation (for example, information for forming a line connect-
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ing the irradiation position and depth of the ultrasound beam
in an almost vertical direction), but the default settings may be
made capable of modification by the operator.

[0101] Furthermore, the optional-direction M-mode cursor
set position information that is preset in buttons B1 to B6 may
also be made capable of modification by the operator.
[0102] The operator, by just pushing down on any of the
buttons B0 to B6, causes the optional-direction M-mode cur-
sor set position information to be read from the optional-
direction M-mode cursor set position information memory
6C, and can easily set the optional-direction M-mode cursor
corresponding to the diagnostic region during an examina-
tion.

(When a Switch Functions as the Optional-Direction
M-Mode Cursor Selector)

[0103] Next, referring to FIG. 9, one example of a switch
functioning as an optional-direction M-mode cursor selector
is described. FIG. 9 is a figure showing a console in which a
switch is installed. As one example of a switch, a rotary
switch is described.

[0104] 1Inaconsole 7A of operation unit 7, rotary switch C
is provided for selecting the optional-direction M-mode
image cursor. This rotary switch C functions as a selector for
selecting the optional-direction M-mode image cursor. The
rotary switch C is configured to be rotatable in the direction of
the arrow A.

[0105] Although it is not shown in FIG. 9, text indicating
the scan cross-sections is attached, at prescribed angles,
spaced apart, in the rotational direction A of the rotary switch
C.

[0106] For example, the text “default” is attached to the
position of angle C0.

[0107] The text “left ventricle long axis view 1” in B-mode
is attached to the position of angle C1.

[0108] The text “Apical 4 Chamber view” in B-mode is
attached to the position of angle C2.

[0109] The text “Apical 2 Chamber view” in B-mode is
attached to the position of angle C3.

[0110] The text “left ventricle long axis view 2 in B-mode
is attached to the position of angle C4.

[0111] The text “Apical long axis view” in B-mode is
attached to the position of angle C5.

[0112] Thetext “left ventricle short axis view” in B-mode is
attached to the position of angle C6.

[0113] For each of the angles C0 to C6, the optional-direc-
tion M-mode cursor set position information for the scan
cross-section of the B-mode diagnostic image, which is
stored in the optional-direction M-mode cursor set position
information memory 6C, is preset (associated).

[0114] The optional-direction M-mode cursor set position
information that is preset for angle C0 is the default informa-
tion (for example, information for forming a line connecting
the irradiation position and depth of the ultrasound beam in an
almost vertical direction), but the default settings may be
made capable of modification by the operator.

[0115] Furthermore, the optional-direction M-mode cursor
set position information that is preset in angles C1 to C6 may
also be made capable of modification by the operator.
[0116] Theoperator, by just rotating the rotary switch Cand
selecting any of the angles C0 to C6, causes the optional-
direction M-mode cursor set position information to be read
from the optional-direction M-mode cursor set position infor-
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mation memory 6C, and can easily set the optional-direction
M-mode cursor corresponding to the diagnostic region during
an examination.

(When a Menu Functions as the Optional-Direction M-Mode
Cursor Selector)

[0117] Moreover, a menu functioning as an optional-direc-
tion M-mode cursor selector may be displayed on display 5.
[0118] Next, referring to FIG. 10, one example of a menu
functioning as an optional-direction M-mode cursor selector
is described. FIG. 10 is an example ofa display screen W3 on
which menus are displayed.

[0119] Display 5 displays as a list menu DO to D6, for
selecting the optional-direction M-mode image cursor. These
menus DO to D6 function as a selector for selecting the
optional-direction M-mode image cursor. Text indicating the
respective scan cross-sections is shown on menus D0 to D6.

[0120] Forexample, the text “default” is displayed on menu
Do.
[0121] The text “left ventricle long axis view 1”in B-mode

is displayed on menu D1.

[0122] The text “Apical 4 Chamber view” in B-mode is
displayed on menu D2.

[0123] The text “Apical 2 Chamber view” in B-mode is
displayed on menu D3.

[0124] The text “left ventricle long axis view 2" in B-mode
1s displayed on menu D4.

[0125] The text “Apical long axis view” in B-mode is dis-
played on menu D5.

[0126] Thetext “left ventricle short axis view” in B-mode is
displayed on menu D6.

[0127] For each ofthe menus DO to D6, the optional-direc-
tion M-mode cursor set position information for the scan
cross-section of the B-mode diagnostic image, which is
stored in the optional-direction M-mode cursor set position
information memory 6C, is preset (associated).

[0128] The optional-direction M-mode cursor set position
information that is preset for menu D0 is the default informa-
tion (for example, information for forming a line connecting
the irradiation position and depth of the ultrasound beam in an
almost vertical direction), but the default settings may be
made capable of modification by the operator.

[0129] Furthermore, the optional-direction M-mode cursor
set position information that is preset in menus D1 to D6 may
also be made capable of modification by the operator.
[0130] The operator, by just selecting any of the menus D0
to D6 that are displayed on display 5 using operation unit 7,
causes the optional-direction M-mode cursor set position
information to be read from the optional-direction M-mode
cursor set position information memory 6C, and can easily set
the optional-direction M-mode cursor corresponding to the
diagnostic region during an examination.

(When the Optional-Direction M-Mode Cursor is Automati-
cally Set)

[0131] Moreover, the optional-direction M-mode cursor
for a scan cross-section of a B-mode diagnostic image may be
automatically set.

[0132] As one example, the optional-direction M-mode
cursor controller 6B may function as a selector for selecting
the optional-direction M-mode cursor.

[0133] For example, the optional-direction M-mode cursor
controller 6B receives B-mode diagnostic image data output
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from the B-mode diagnostic image generator 4B. The
optional-direction M-mode cursor controller 6B, by perform-
ing image recognition by pattern matching against the
B-mode diagnostic image data, identifies the scan cross-sec-
tion scanned by ultrasound from the B-mode diagnostic
image data.

[0134] For example, if the image displayed in the B-mode
diagnostic image is a left ventricle long axis view, the
optional-direction M-mode cursor controller 6B identifies
that the scan cross-section scanned by ultrasound is a left
ventricle long axis view scan cross-section.

[0135] Moreover, if the image displayed in the B-mode
diagnostic image is an Apical 4 Chamber view, the optional-
direction M-mode cursor controller 6B identifies that the scan
cross-section scanned by ultrasound is an Apical 4 Chamber
view scan cross-section. Moreover, if the image displayed in
the B-mode diagnostic image is an Apical 2 Chamber view,
the optional-direction M-mode cursor controller 6B identifies
that the scan cross-section scanned by ultrasound is an Apical
2 Chamber view scan cross-section. Moreover, if the image
displayed in the B-mode diagnostic image is an Apical long
axis view, the optional-direction M-mode cursor controller
6B identifies that the scan cross-section scanned by ultra-
sound is an Apical long axis view scan cross-section. More-
over, if the image displayed in the B-mode diagnostic image
is a left ventricle short axis view, the optional-direction
M-mode cursor controller 6B identifies that the scan cross-
section scanned by ultrasound is a left ventricle short axis
view scan cross-section.

[0136] The optional-direction M-mode cursor controller
6B reads the optional-direction M-mode cursor set position
information associated with the identified scan cross-section
from the optional-direction M-mode cursor set position infor-
mation memory 6C. The optional-direction M-mode cursor
set position information that is read is output to the optional-
direction M-mode cursor image generator 6D, the optional-
direction M-mode cursor operation unit display controller
6E, and the M-mode diagnostic image generator 4C of the
image processor 4.

[0137] The optional-direction M-mode cursor image gen-
erator 6D generates data for displaying the optional-direction
M-mode cursor image (lines), based on the optional-direction
M-mode cursor set position information that is output from
the optional-direction M-mode cursor controller 6B, and out-
puts the optional-direction M-mode cursor image data to the
image synthesizer 44.

[0138] The image synthesizer 4D synthesizes the B-mode
diagnostic image generated by the B-mode diagnostic image
generator 4B, the M-mode diagnostic image generated by the
M-mode diagnostic image generator 4D, and the optional-
direction M-mode cursor image generated by the optional-
direction M-mode cursor image generator 6E, and simulta-
neously displays them on the display 5.

[0139] As described above, by identifying the scan cross-
section using pattern matching, it is possible to automatically
set the optional-direction M-mode cursor on the B-mode
diagnostic image.

[0140] Moreover, if the scan cross-section is modified, it is
possible to automatically set the optional-direction M-mode
cursor. Hence, along with reducing the burden on the opera-
tor, it is possible to achieve an improvement in examination
efficiency and a reduction in examination time.

[0141] While certain embodiments have been described,
these embodiments have been presented by way of example
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only, and are not intended to limit the scope of the inventions.
Indeed, the novel methods and devices described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and devices described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnostic imaging device, comprising:

a B-mode diagnostic image generator that generates

B-mode diagnostic images based on echo signals
obtained by scanning a subject using ultrasound,

an optional-direction M-mode diagnostic image generator

that generates optional-direction M-mode diagnostic
images based on set position information of an optional-
direction M-mode cursor;
an optional-direction M-mode cursor set position informa-
tion selector for selecting said optional-direction
M-mode cursor set position information;

amemory for storing said optional-direction M-mode cur-
sor set position information, associating it with said
optional-direction M-mode cursor set position informa-
tion selector; and

an optional-direction M-mode cursor image generator that

generates an optional-direction M-mode cursor image,
based on said optional-direction M-mode cursor set
position information that has been associated with said
optional-direction M-mode cursor set position informa-
tion selector that was selected.

2. The ultrasound diagnostic imaging device of claim 1,
further comprising a diagnostic image display that, along
with superimposing said optional-direction M-mode cursor
image that was generated by said optional-direction M-mode
cursor image generator on said B-mode diagnostic images
that were generated by said B-mode diagnostic image gen-
erator, displays said optional-direction M-mode diagnostic
image that was generated by said optional-direction M-mode
diagnostic image generator.

3. The ultrasound diagnostic imaging device of claim 1,
wherein said optional-direction M-mode cursor set position
information selector is an icon displayed on a Touch Com-
mand Screen, a switch or a button provided in an operation
unit.

4. The ultrasound diagnostic imaging device of claim 3,
wherein B-mode morphological images showing the diag-
nostic regions, and an optional-direction M-mode cursor for
setting on said B-mode morphological images are visually
displayed on said icons.

5. The ultrasound diagnostic imaging device of claim 4,
wherein said B-mode morphological image is a cardiac left
ventricle long axis view, Apical 4 Chamber view, Apical 2
Chamber view, Apical long axis view, or left ventricle short
axis view.

6. The ultrasound diagnostic imaging device of claim 3,
wherein the selected said icon is displayed highlighted.

7. The ultrasound diagnostic imaging device of claim 1,
wherein said optional-direction M-mode cursor set position
information comprises at least the center position, length and
angle of said optional-direction M-mode cursor.

8. The ultrasound diagnostic imaging device of claim 1,
wherein:
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said optional-direction M-mode cursor set position infor-

mation selector is a menu displayed on a display;

said memory stores said optional-direction M-mode cursor

set position information, associating it with said menu;
and

said optional-direction M-mode cursor image generator

generates said optional-direction M-mode cursor image,
based on said optional-direction M-mode cursor set
position information that has been associated with the
selected said menu.

9. The ultrasound diagnostic imaging device of claim 1,
wherein:

said memory stores said optional-direction M-mode cursor

set position information, associating it with a scan cross-
section identified by said optional-direction M-mode
cursor set position information selector; and

said optional-direction M-mode cursor image generator

generates said optional-direction M-mode cursor image,
based on said optional-direction M-mode cursor set
positioninformation that has been associated with a scan
cross-section identified by the selected said optional-
direction M-mode cursor set position information selec-
tor.

10. The ultrasound diagnostic imaging device of claim 9,
wherein said scan cross-section is a cross-section for said
B-mode diagnostic image generator to obtain, by ultrasound
scan, said B-mode diagnostic images showing a cardiac left
ventricle long axis view, Apical 4 Chamber view, Apical 2
Chamber view, Apical long axis view, or left ventricle short
axis view.

11. The ultrasound diagnostic imaging device of claim 1,
wherein said optional-direction M-mode cursor set position
information selector is used for selecting, said optional-direc-
tion M-mode cursor set position information.

12. The ultrasound diagnostic imaging device of claim 1,
wherein:

said optional-direction M-mode cursor set position infor-

mation selector identifies, based on said B-mode diag-
nostic images, a scan cross-section that has been
scanned using ultrasound;

said memory stores said optional-direction M-mode cursor

set position information, associating it with a scan cross-
section identified by said optional-direction M-mode
cursor set position information selector; and
said optional-direction M-mode cursor image generator
generates said optional-direction M-mode cursor image
based on said optional-direction M-mode cursor set
position information that has been associated with said
scan cross-section, which was identified by said
optional-direction M-mode cursor set position informa-
tion selector.
13. An ultrasound image generation method that:
generates B-mode diagnostic images based on echo signals
obtained by scanning a subject using ultrasound;

generates optional-direction M-mode diagnostic images
based on set position information of an optional-direc-
tion M-mode cursor; and

when said optional-direction M-mode cursor set position

information selector for selecting optional-direction
M-mode cursor set position information is selected,
identifies said optional-direction M-mode cursor set
position information that was associated with the
selected said optional-direction M-mode cursor set posi-
tion information selector, in accordance with the asso-
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ciation between said optional-direction M-mode cursor
set position information selector and said optional-di-
rection M-mode cursor set position information, and
generates an optional-direction M-mode cursor image,
based on said optional-direction M-mode cursor set
position information that was identified.

14. The ultrasound image generation method of claim 13
that along with superimposing said optional-direction
M-mode cursor image that was generated on said B-mode
diagnostic images, displays said optional-direction M-mode
diagnostic images.

15. The ultrasound image generation method of claim 13,
wherein said optional-direction M-mode cursor set position
information selector is an icon displayed on a Touch Com-
mand Screen, a switch or a button provided in an operation
unit.

16. The ultrasound image generation method of claim 15,
wherein B-mode morphological images showing the diag-
nostic regions, and an optional-direction M-mode cursor for
setting on said B-mode morphological image are visually
displayed on said icons.

17. The ultrasound image generation method of claim 16,
wherein said B-mode morphological image is a cardiac left
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ventricle long axis view, Apical 4 Chamber view, Apical 2
Chamber view, Apical long axis view, or left ventricle short
axis view.

18. The ultrasound image generation method of claim 15,
wherein the selected said icon is displayed highlighted.

19. The ultrasound image generation method of claim 13,
wherein said optional-direction M-mode cursor set position
information comprises at least the center position, length and
angle of said optional-direction M-mode cursor.

20. The ultrasound image generation method of claim 13,
wherein:

said optional-direction M-mode cursor set position infor-

mation selector identifies, based on said B-mode diag-
nostic images, a scan cross-section that has been
scanned using ultrasound; and

said optional-direction M-mode cursor image is generated

based on said optional-direction M-mode cursor set
position information that has been associated with said
scan cross-section, which was identified by said
optional-direction M-mode cursor set position informa-
tion selector.
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