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(54)
POSITION CONTROL METHOD

(57) An ultrasound diagnostic apparatus 1 includes
a transmission section 11 which is transducer drive
means capable of transmitting ultrasound at a predeter-
mined focus position from an ultrasound transducer 2a,
and a CPU 5 which is display region changing means

ULTRASONOGRAPHIC DEVICE AND ULTRASONOGRAPHIC DEVICE FOCAL POINT

capable of changing a display region to be displayed on
amonitor 8 in an ultrasonicimage; and controls the trans-
mission section 11, which is the transducer driving
means, in accordance with the change result to change
the focus position of the ultrasound.
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Description
Technical Field

[0001] The present invention relates to an ultrasound
diagnostic apparatus that can change a focus position of
an ultrasound image when a display region of the ultra-
sound image is changed, according to the changed dis-
play region, and a method for controlling a focus position
of the ultrasound diagnostic apparatus.

Background Art

[0002] In recent years, ultrasound diagnostic appara-
tuses are widely used in the medical and industrial fields.
An ultrasound diagnostic apparatus repeatedly transmits
ultrasound from an ultrasound transducer to a biological
tissue, and receives an echo signal of ultrasound reflect-
ed from the biological tissue to display the information in
a living body as a visible ultrasound tomographic image
(hereafter, simply referred to as an ultrasound image).
[0003] In particular, an electronic scanning type ultra-
sound diagnostic apparatus, which electronically drives
an ultrasound transducer to scan inside a body cavity,
makes it possible to freely change the scanning method
and to scan in various modes such as a flow mode in-
cluding a color flow mode that can visualize the image
of blood flow, besides a B-mode that displays a normal
black-and-white image.

[0004] One such ultrasound diagnostic apparatus ca-
pable of scanning in various modes is, for example, an
ultrasound diagnostic apparatus according to Japanese

Patent Application Laid-Open Publication No.
11-290318.
[0005] The ultrasound diagnostic apparatus according

to Japanese Patent Laid-Open Publication No.
11-290318 includes a transmission circuit, a mode input
section, a transmission control circuit, and a transmission
condition memory, wherein the transmission control cir-
cuit is configured to acquire a transmission condition cor-
responding to a position and a mode (a fundamental
wave mode corresponding to a B-mode, or a harmonic
wave mode that can display harmonic images having
higher resolution than that of B-mode images) of a region
of interest (hereafter referred to as an ROI) inputted from
the mode input section by an operator from the transmis-
sion condition memory, and controls the transmission cir-
cuit based on the acquired transmission condition there-
by adjusting operational states such as a transmission
frequency, a focus depth at the time of transmission, a
diameter of a transmission aperture, and the like.

[0006] Thus, the ultrasound diagnostic apparatus ac-
cording to Japanese Patent Application Laid-Open Pub-
licationNo. 11-290318 makes it possible to place a region
of maximum sound pressure at an ROI either in a funda-
mental wave mode or a harmonic wave mode by setting
the transmission condition such that while the focus of
ultrasound is placed at the ROl in the basic wave mode,
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the focus of ultrasound is placed to a position slightly
shallower than that of the ROI in the harmonic wave
mode. As a result of that, the image quality of ROI is
improved in either mode, and the change of the location
of high image quality region at the time of mode switching
is prevented.

[0007] Generally, in the observation by use of an ul-
trasound image, an operator causes a desired ultrasound
tomographic image to be displayed by changing the dis-
play region of the ultrasoundimage to be displayed during
the execution of each mode, as well as by switching each
mode.

[0008] However, in the ultrasound diagnostic appara-
tus according to the Japanese Patent Application Laid-
Open Publication No. 11-290318, the focus position is
fixed even when switching of the fundamental wave
mode or the harmonic wave mode is performed, and be-
sides when such mode switching is performed, the focus
position is similarly fixed even when the display region
of the ultrasound image to be displayed during the exe-
cution of each mode is changed.

[0009] Thatis, the ultrasound diagnostic apparatus ac-
cording to Japanese Patent Application Laid-Open Pub-
lication No. 11-290318 has disadvantages in that when
an operator changes the display region of ultrasound im-
age to be displayed during the execution of each mode
to a desired region, a high-resolution ultrasound image
cannot be displayed since a proper focus position is not
achieved, and in order to achieve a proper focus position,
adjustment by using an operation portion is needed,
which is burdensome and inconvenient.

[0010] Thus, the present invention has been made in
view of the above-described disadvantages, and has its
object to provide an ultrasound diagnostic apparatus in
which a focus position of an ultrasound image is config-
ured to be changed according to a display region when
the display region of ultrasound image is changed, there-
by easing the operation to achieve a proper focus posi-
tion, and a method for controlling the focus position of
the ultrasound diagnostic apparatus.

Disclosure of Invention
Means for Solving the Problem

[0011] The ultrasound diagnostic apparatus of the
present invention is an ultrasound diagnostic apparatus
that transmits ultrasound from an ultrasound transducer
to a subject and displays an ultrasound image on a mon-
itor, the ultrasound diagnostic apparatus comprising:
transducer driving means that can transmit ultrasound
with a predetermined focus position from the ultrasound
transducer; display region changing means that can
change a display region to be displayed on a monitor, in
an ultrasound image; and control means that changes a
focus position of the ultrasound by controlling the trans-
ducer driving means according to a change result of the
display region changing means.
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[0012] The method for controlling a focus position of
an ultrasound diagnostic apparatus of the present inven-
tion is a method for controlling a focus position of an
ultrasound diagnostic apparatus that transmits ultra-
sound from an ultrasound transducer to a subject and
displays an ultrasound image on a monitor, wherein the
method for controlling a focus position of the ultrasound
diagnostic apparatus comprises: changing the display re-
gion to be displayed on the monitor in the ultrasound
image; and changing the focus position of the ultrasound
by controlling the transducer driving means for driving
the ultrasound transducer according to the result of the
changing of the display region.

Brief Description of the Drawings
[0013]

Fig. 1 is a block diagram showing a configuration of
an ultrasound diagnostic apparatus relating to a first
embodiment of the present invention;

Fig. 2 is a block diagram showing a concrete config-
uration of a controller of Fig. 1;

Fig. 3 is a configuration diagram showing a concrete
configuration of a keyboard of Fig. 1;

Fig. 4 shows a configuration example of a touch pan-
el operation portion of Fig. 3;

Fig. 5 is a graph showing the relationship between
an ultrasound transducer number of Fig. 1 and a
transmission delay amount;

Fig. 6 is mapdata showing an example of transmis-
sion timing information stored in a storage unit of Fig.
1;
Fig. 7 is a flowchart showing the flow of the control
processing of a CPU to illustrate the action of the
ultrasound diagnostic apparatus relating to the first
embodiment;

Fig. 8 is a screen display diagram showing a state
in which a focus position is displayed at the time of
changing to a full circle display in a radial display;
Fig. 9 is a screen display diagram when the display
range is changed from the full circle display of Fig. 8;
Fig. 10 is a screen display diagram showing a state
in which the focus position is fixed when the display
region is changed from the full circle display of Fig.
8 to a half circle display by use of a conventional
technique;

Fig. 11 is a screen display diagram showing a state
in which the focus position is changed when the dis-
play region is changed from the full circle display of
Fig. 8 to a half circle display;

Fig. 12 is a flowchart showing the flow of the control
processing of a CPU to illustrate the action of the
ultrasound diagnostic apparatus relating to a second
embodiment of the present invention;

Fig. 13 is a screen display diagram showing a state
in which the focus position is moved according to the
display position of an ROI during the execution of a
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flow mode by use of a conventional technique;

Fig. 14 is a screen display diagram showing a state
in which the focus position in an ultrasound image
of a B-frame is displayed regardless of the display
of ROI;

Fig. 15 is a screen display diagram showing a state
in which the focus position is displayed when an ROI
is displayed during the execution of a flow mode;
Fig. 16 is a screen display diagram when the full
circle display mode shown in Fig. 15 is changed to
a half circle display mode;

Fig. 17 is a screen display diagram showing a state
in which the focus position of ROl during the execu-
tion of a flow mode and the focus position of the B-
mode are displayed;

Fig. 18 is a screen display diagram showing a state
in which the focus position of full circle display mode
is displayed when the ROI is eliminated from the
state of Fig. 17;

Fig. 19 is a flowchart showing the flow of the control
processing of a CPU to illustrate a variant of the ul-
trasound diagnostic apparatus of the second embod-
iment;

Fig. 20is a screen display diagram showing the focus
position of a full circle display mode during the exe-
cution of a flow mode;

Fig. 21isascreendisplay diagram showing the focus
position of a half circle display mode when the flow
mode is executed;

Fig. 22 is a flowchart showing the flow of the control
processing of a CPU to illustrate the action of an
ultrasound diagnostic apparatus relating to a third
embodiment of the present invention;

Fig. 23 is a screen display diagram showing a state
in which an ROI before the display range is enlarged
is displayed during the execution of a flow mode;
Fig. 24 is a screen display diagram showing a state
in which the display region of the ROI is disposed
within the display region of an ultrasound image
when the display range is enlarged from the state of
Fig. 23;

Fig. 25 is a flowchart showing the control processing
of a CPU to illustrate the action of an ultrasound di-
agnostic apparatus relating to a fourth embodiment
of the present invention;

Fig. 26 is a screen display diagram showing a state
in which the focus position is set for each kind of
connected ultrasound probes, in the display screen
of an ultrasound image of a half circle display mode;
Fig. 27 is a screen display diagram showing a state
in which the focus position suitable for a connected
ultrasound probe is set in the display screen of an
ultrasound image of a full circle display mode; and
Fig. 28 is a flowchart showing the flow of the control
processing of a CPU to illustrate the action of an
ultrasound diagnostic apparatus relating to a fifth
embodiment of the present invention.
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Best Mode for Carrying Out the Invention

[0014] Hereafter, embodiments of the present inven-
tion will be described with reference to the drawings.

(First Embodiment)

[0015] Figs. 1 to 11 relate to the first embodiment of
the present invention, in which Fig. 1 is a block diagram
showing a configuration of an ultrasound diagnostic ap-
paratus; Fig. 2 is a block diagram showing a concrete
configuration of a controller of Fig. 1; Fig. 3 is a configu-
ration diagram showing a concrete configuration of a key-
board of Fig. 1; Fig. 4 is a configuration example of a
touch panel operation portion of Fig. 3; Fig. 5 is a graph
showing the relationship between an ultrasound trans-
ducer number of Fig. 1 and a transmission delay amount;
Fig. 6 is mapdata showing an example of transmission
timing information stored in a storage unit of Fig. 1; Fig.
7 is a flowchart to illustrate the action of the ultrasound
diagnostic apparatus relating to the first embodiment;
and Figs. 8to 11 are screen display diagrams of a monitor
for illustrating the action of the ultrasound diagnostic ap-
paratus of the first embodiment.

[0016] As shown in Fig. 1, an ultrasound diagnostic
apparatus 1 of the first embodiment is configured to in-
clude an ultrasound probe 2, a digital beam former 3, a
signal processor board 4, a CPU 5, a main memory 6, a
peripheral apparatus 7, and a monitor 8.

[0017] The ultrasound probe 2 is configured by arrang-
ing a plurality of ultrasound transducers 2a (hereafter,
may also be referred to as "elements"). The plurality of
ultrasound transducers 2a are electrically connected to
the digital beam former 3 via a signal line.

[0018] Itis noted that the ultrasound probe 2 to be used
is of an electronic scanning type, which scans the inside
of a body cavity by electronically driving the plurality of
ultrasound transducers 2a. Moreover, since the specific
configuration of the electronic scanning type ultrasound
probe 2 is similar to that of an existing electronic scanning
type ultrasound probe, the description thereof will be
omitted.

[0019] The digital beam former 3 is detachably con-
nectable with the ultrasound probe 2. This digital beam
former 3 constitutes ultrasound transmission/reception
means and timing adjustment means as a timing adjust-
ment section. The digital beam former 3 and the signal
processor board acquire an echo signal from the ultra-
sound probe 2 to generate an ultrasound image, and
cause the generated ultrasound image to be displayed
on the monitor 8 via a CPU 5 and a peripheral apparatus
7.

[0020] Next, the configuration of the digital beam
former 3 will be described.

[0021] As shownin Fig. 1, the digital beam former 3 is
configured to include a controller 10, a transmission sec-
tion 11, a multiplexer (MUX) 12, a reception section 13,
an ADC 14, a beam former 15, and a MUX controller 16.
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[0022] The transmission section 11 as a transducer
driving section constitutes transducer driving means, and
the reception section 13 constitutes ultrasound reception
means. The transmission section 11 generates a trans-
mission electric signal for driving an ultrasound transduc-
er 2a selected by the multiplexer 12, and outputs the
signal to the corresponding ultrasound transducer 2a.
The ultrasound transducer 2a converts the transmission
electric signal supplied, with each transducer element
into ultrasound, and transmits it to a subject not shown.
[0023] Then, the ultrasound reflected at the subject is
convertedinto an electric signal again by each transducer
element of the ultrasound transducer 2a, and the con-
verted electric signal is inputted into the reception section
13 via the multiplexer 12.

[0024] The multiplexer 12 selects an ultrasound trans-
ducer 2a to be driven among the plurality of ultrasound
transducers 2a of the ultrasound probe 2, based on the
instruction of the MUX controller 16.

[0025] It is noted that the MUX controller 16 is config-
ured to control the selection of the ultrasound transducer
2a by the multiplexer 12 based on the control signal from
a scan controller 22 of the controller 10.

[0026] The reception section 13, which is made up of,
for example, an amplifier, a BPF, a LPF, and the like,
amplifies the received signal from each ultrasound trans-
ducer 2a and outputs the signal to the ADC 14.

[0027] The ADC 14 performs A/D conversion of the
amplified received signal to convert the signal into digital
data and outputs the same to the beam former 15.
[0028] Thebeam former 15 delays and combines each
received data which is digitized according to the driving
of the plurality of ultrasound transducers 2a based on a
timing signal from a scan controller 22 of the controller
10, and outputs the combined data to a signal processing
section 17 in the signal processor board 4.

[0029] On the other hand, when ultrasound is trans-
mitted from an ultrasound transducer 2a of the ultrasound
probe 2, the controller 10, which is transmission adjust-
ment means, adjusts the transmission timing of the ul-
trasound by the transmission section 11.

[0030] The controller 10 is configured to include the
scan controller 22 and a timing generator 23.

[0031] The scan controller 22 is electrically connected
tothe signal processing section 17 of the signal processor
board 4 by means of a bus 17A, and is controlled by the
CPU 5 to be described below. The scan controller 22
controls the timing generator 23 for the transmission sec-
tion based on the instruction of the CPU 5 so that the
transmission timing of ultrasound by the transmission
section 11 is controlled. Moreover, the scan controller 22
generates a timing signal and outputs the same to the
beam former 15.

[0032] It is noted that concrete configurations of the
controller 10 that constitutes a principal part of the
present invention will be described later.

[0033] Next, the configurations of the signal processor
board 4, the CPU 5, the main memory 6, and the periph-
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eral apparatus 7 will be described.

[0034] The signal processor board 4 is configured to
include a signal processing section 17 to which combined
data from the digital beam former 3 is inputted. It is noted
that the signal processor board 4 may be configured by
appropriately providing necessary blocks without being
limited to the configuration shown in Fig. 1.

[0035] The signal processing section 17 performs sig-
nal processing according to the kinds of combined data
to be inputted.

[0036] For example, in the case of B-mode, the signal
processing section 17 performs processing for generat-
ing B-mode data, such as band pass filtering, Log com-
pression, wave detection, gain adjustment, contrast ad-
justment, and the like. Moreover, in the case of a flow
mode, the signal processing section 17 performs
processing for generating color data relating to blood
flow. Then, the signal processing section 17 stores proc-
essed sound ray data in a frame memory not shown for
every one frame.

[0037] The CPU 5 performs coordinate transformation
and image processing on the sound ray data stored in a
frame memory not shown of the signal processing section
17 to generate digital ultrasound data for image display
and to output the same to an I/F 21 of the peripheral
apparatus 7 via an internal bus 9.

[0038] The I/F 21 includes a video processing section
and converts digital ultrasound data into an analog image
signal by using the video processing section to output
the same to the monitor 8 so that an ultrasound image
base on the analog image signal is displayed on the mon-
itor 8.

[0039] The peripheral apparatus 7 is configured to in-
clude the I/F 21, a keyboard 18, a filing system 19, and
a storage unit 20 that constitutes storage means.
[0040] The filing system 19 stores various data neces-
sary for performing diagnosis by use of the ultrasound
diagnostic apparatus 1, for example, patient information
and ultrasound image data for each patient, etc. Itis noted
that the filing system 19 may be configured to obtain nec-
essary data and information by connecting to a server
via a network laid in, for example, a hospital.

[0041] The keyboard 18 as an operation portion con-
stitutes operation means, and is configured, for example
as shown in Fig. 3, to include various key operation por-
tion 18a, a first switch operation portion 18b made up of
a plurality of switches, a second switch operation portion
18c made up of a trackball and the like, a third switch
operation portion 18d made up of a plurality of switches
for increasing/decreasing various settings, and a fourth
switch operation portion 18e which is a touch panel op-
eration portion by use of an LCD.

[0042] Itis noted that the keyboard 18 is not limited to
the configuration shown in Fig. 3, and may be configured
such that the number of the switch operation portions is
appropriately increased or decreased, and the layout of
the switch operation portion is changed.

[0043] Moreover, the fourth switch operation portion
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18e displays, for example, an operation panel screen 30
for manual focusing menus, and there are arranged in
the operation panel screen 30, a first button 31 for se-
lecting and instructing the number of focusing stages, a
second button 32 for adjusting focusing location, a third
button 33 for adjusting focusing depth, a fourth button 34
for resetting focusing, a fourth button 35 for presetting
focusing, and a fifth button 36 for cancelling the mode
for the manual focusing menu. It is noted that a focusing
location (focus position) display section 35a is provided
in the vicinity of the fourth button 35, and a focus position
thatis setto any one of anear point position (N), amedium
point position (M), and a far point position (F) is displayed
in the focusing location focus display section 35a.
[0044] The storage unit 20 stores a program that is
necessary for controlling the entire ultrasound diagnostic
apparatus 1 such as the digital beam former 3, the signal
processor board 4, and the peripheral apparatus 7, by
the CPU 5.

[0045] Further, the storage unit 20 stores user setup
information, such as transmission timing information ac-
cording to the display region to be displayed on the mon-
itor 8, and initial setup information of focus position ac-
cording to the kind of the ultrasound probe 2, in an ultra-
sound image.

[0046] Next, a concrete configuration of the controller
10 that constitutes a principal part of the present inven-
tion, and transmission timing information that is supplied
to the controller 10 through the control by the CPU 5 will
be described by using Figs. 2, 5, and 6.

[0047] Asshownin Fig. 2, the controller 10, which con-
stitutes display region changing means as a display re-
gion changing section together with the CPU 5, is con-
figured to include a scan controller 22 and a timing gen-
erator 23, which are electrically connected by an internal
bus 24.

[0048] The scan controller 22 is configured to include
a DSP (Digital Signal Processor) 25, a dual port RAM
26, and a scan control section 27. The scan control sec-
tion 27, which is connected to the bus 17A, is controlled
by the CPU 5.

[0049] The scan control section 27 controls the timing
generator 23 according to the instruction from the CPU 5.
[0050] Thetiming generator 23 is configured to include
a flash memory 28, a timing generation section 29, and
a Tx control section 30.

[0051] The Tx control section 30 outputs to the trans-
mission section 11 a control signal for changing the trans-
mission timing of ultrasound by the transmission section
11 based on the timing signal from a timing generation
section 29, according to the instruction from the scan
control section 27.

[0052] Moreover, in the present embodiment, when
transmission timing information is supplied from the scan
controller 22, the Tx control section 30 writes the trans-
mission timing information into the flash memory 28, and
outputs a timing signal according to the transmission tim-
ing information based on a selection signal from the CPU
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5, out of the transmission timing information, to the trans-
mission section 11.

[0053] Itis noted that the timing signal from the Tx con-
trol section 30 desirably outputs triggers of two types to
generate, for example, a bipolar pulse of a positive pulse
and a negative pulse.

[0054] Therefore, as the result of such timing signal
being outputted to the transmission section 11, the trans-
mission section 11 changes the transmission timing of
ultrasound to be transmitted by the ultrasound transducer
2a, based on the transmission timing. Thus, the focus
position of an ultrasound image is changed.

[0055] In this case, to change the focus position of an
ultrasound image, it is necessary to adjust a delay
amount according to the sequence position of the ultra-
sound transducer 2a (ultrasound transducer number).
[0056] Fig. 5 shows the relationship between the ultra-
sound transducer number (corresponding to the se-
qguence position) according to a plurality of focus posi-
tions A to H (in Fig. 5, focus positions F1 to F8 are des-
ignated by A to H) and the delay amount.

[0057] Itis noted that the ultrasound diagnostic appa-
ratus 1 of the present embodiment is configured to vary
the transmission aperture depending on the focus posi-
tion as shown in Fig. 5. Moreover, the ultrasound diag-
nostic apparatus 1 can vary the transmission aperture,
that is, the number of the ultrasound transducers 2a to
be driven, according to the B-mode or the flow mode.
Further, the ultrasound diagnostic apparatus 1 switches
the number of the ultrasound transducers 2a to be used
at the deepest point of the focus position according to
the ultrasound probe 2 to be used.

[0058] Moreover, mapdata of transmission focusing
delay data showing such delay amount is shown in Fig.
6. That is, mapdata of transmission focusing delay data
as shown in Fig. 6 is stored in the storage unit 20 as the
timing information for each kind of the ultrasound probe 2.
[0059] Inthe presentembodiment, the CPU5 as a con-
trol section constitutes control means, and changes the
focus position of an ultrasound image by controlling the
transmission timing of the timing generator 23 in re-
sponse to a change of the display region to be displayed
on the monitor 8.

[0060] That is, when there is a change of the display
region by an operation of the keyboard 18, the CPU 5
reads out the mapdata of the transmission focusing delay
data shown in Fig. 6 from the storage unit 20, and writes
the data into the flash memory 28 of the timing generator
23 via the scan controller 22.

[0061] Then, the CPU 5 recognizes the display region
after the change, and outputs a selection signal for se-
lecting transmission focusing delay data corresponding
to the display region after the change to the Tx control
section 30 via the internal bus 24.

[0062] The Tx control section 30 extracts the transmis-
sion focusing delay data based on the selection signal
from the mapdata written in the flash memory 28, and
outputs a timing signal based on the transmission focus-
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ing delay data to the transmission section 11 thereby
changing the focus position.

[0063] Next, the action of the ultrasound diagnostic ap-
paratus of the first embodiment will be described with
reference to Figs. 7 to 11.

[0064] Itis noted that Fig. 7 is a flowchart showing the
flow of the control processing of a CPU; Fig. 8 is a screen
display diagram showing a state in which a focus position
is displayed at the time of changing to a full circle display
in a radial display; Fig. 9 is a screen display diagram
when the display range is changed from the full circle
display of Fig. 8; Fig. 10 is a screen display diagram show-
ing a state in which the focus position is fixed when the
display region is changed from the full circle display of
Fig. 8 to a half circle display by use of a conventional
technique; and Fig. 11 is a screen display diagram show-
ing a state in which the focus position is changed when
the display region is changed from the full circle display
of Fig. 8 to a half circle display.

[0065] Here, suppose that the operator performs au-
tomatic focusing setup of ultrasound image displayed in
the monitor 8 by use of the ultrasound diagnostic appa-
ratus 1 shown in Fig. 1. In this case, the CPU 5 of Fig. 1
reads out a program shown in Fig. 7 and stored in the
storage unit 20.

[0066] The CPU 5 determines the display range (indi-
cated by R: Range in Fig. 7) in the currently executed
mode inthe processing of step S1and moves to judgment
processing in the following step S2.

[0067] In the judgment processing in step S2, judging
whether or not the currently executed display mode is a
full circle display mode in a radial display, the CPU 5
moves the process to step S3 when the display mode is
a full circle display mode, and moves the process to step
S5when the display mode is not a full circle display mode.
[0068] Since the processing of step S3 is a case in
which the display mode is a full circle display mode, the
CPU 5 calculates and sets the focus position (indicated
by Focusing point: Fc in Fig. 7) Fc at R/4 or in the vicinity
thereof, thereafter moving the process to step S4.
[0069] In the processing of step S4, the CPU 5 gener-
ates a selection signal that disposes the focus position
Fc at R/4 or in the vicinity thereof, and outputs the signal
to the timing generator 23 via the scan controller 22 in
the controller 10.

[0070] It is noted that when automatic focusing setup
is executed, the CPU 5 reads out the mapdata of the
transmission focusing delay data shown in Fig. 6 from
the storage unit 20, and writes the data into the flash
memory 28 of the timing generator 23 via the scan con-
troller 22.

[0071] Then, the Tx control section 30 of the timing
generator 23 (see Fig. 2) extracts transmission focusing
delay data based on the supplied selection signal from
the mapdata written into the flash memory 28, and out-
puts a timing signal based on the transmission focusing
delay data to the transmission section 11, thereby caus-
ing the focus position of the ultrasound image displayed
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on the monitor 8 to be changed.

[0072] It is noted that in this case, the CPU 5 causes
a video signal of the marker 40 indicating a focus position
to be displayed as being superposed on the ultrasound
image data being displayed by using the signal process-
ing section 17 and the I/F 21.

[0073] Therefore, performing these processing will
make it possible to display an ultrasound image of a full
circle display, in which the marker 40 indicating the focus
position is disposed at two points along one side of the
display frame (at positions at 1/4 of the display range R
or in the vicinity thereof), and the focus position is located
at the position of the marker 40.

[0074] In this case, since in a full circle display mode,
the display image is a radial display image of 360 de-
grees, two more markers 40 in addition to the above-
described marker 40 may be provided at a position at 1/4
of display range R or in the vicinity thereof along a upper
or lower side of the image display frame of the monitor 8.
[0075] Moreover, when it is supposed that the display
range R shown in Fig. 8 is, for example, a 6 cm range,
the radius of the ultrasound image in a full circle display
will be 3 cm, and therefore the marker 40 in this case will
be disposed at each position of 1.5 cm, which is a half
of the radius or in the vicinity thereof.

[0076] In this case, even if the display range R is
changed to, for example, 12 cm as shown in Fig. 9, the
radius of ultrasound image being displayed in a full circle
display will be 6 cm, and the marker 40 will be disposed
at each position of 3 cm, which is a half of the radius or
in the vicinity thereof.

[0077] On the other hand, when the display mode is
judged not to be afull circle display mode in the judgment
processing of the step S2, the CPU 5 recognizes that the
display region has been changed from the full circle dis-
play mode to a half circle display mode, and calculates
and sets the focus position Fc at R/2 or in the vicinity
thereof in the processing of step S5, thereafter moving
the process to step S6.

[0078] In the processing of step S6, the CPU 5 gener-
ates a selection signal that disposes the focus position
Fc at R/2 or in the vicinity thereof, and outputs the signal
to the timing generator 23 via the scan controller 22 in
the controller 10.

[0079] Then, the Tx control section 30 of the timing
generator 23 extracts transmission focusing delay data
based on the supplied selection signal from the mapdata
written in the flash memory 28, and outputs the timing
signal based on the transmission focusing delay data to
the transmission section 11, thereby causing the focus
position of the ultrasound image displayed on the monitor
8 to be changed.

[0080] Thatis, in conventional art, even if the display
region is changed from a full circle display mode to a half
circle display mode, for example, in the display range R
(R =12 cm) shown in Fig. 8, the marker 40a indicating
a focus position will be disposed at a center position of
the set display range, that is, at a position of 1.5 cm with-
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out change from the full circle display mode, as shown
in Fig. 10.

[0081] However, in the present embodiment, perform-
ing the above-described processing makes it possible
that even if the display region is changed from a full circle
display mode having a display range of 12 cm shown in
Fig. 9 to a half circle display mode, the marker 40 indi-
cating a focus position is disposed at a position of 1/2 of
the display range R (in this case, 6 cm since it is a half
circle mode)(3 cm) or in the vicinity thereof as shown in
Fig. 11, and an ultrasound image in a half circle display,
the focus position of which is located at the position of
the marker 40, is displayed.

[0082] Then, after executing the processing of step S4
or step S6, the CPU 5 returns the process to step S1,
thereby providing for any change of the display region
(display range) of the monitor 8 in an ultrasound image.
[0083] Therefore, according to the first embodiment,
the focus position of the ultrasound image may be con-
figured to be changed according to a display region when
the display region of an ultrasound image is changed,
thereby easing the operation to achieve a proper focus
position.

[0084] Moreover, since an ultrasound image in which
a focus position has been located is displayed on the
monitor 8 even when the display region is changed, it
becomes possible to present the operator with easier-to-
see and a higher resolution ultrasound images thereby
contributing to the improvement of observation perform-
ance by an ultrasound diagnostic apparatus.

[0085] Itis noted thatin the first embodiment, although
it has been described that two of the markers 40 indicat-
ing a focus position are disposed on one vertical side of
the image display frame of the monitor 8, this configura-
tion is not restrictive, and for example, configuration may
be such that more markers 40 are disposed on one hor-
izontal side of the image display frame of the monitor 8.

(Second Embodiment)

[0086] Figs 12 to 18 relate to a second embodiment of
the present invention, in which Fig. 12 is a flowchart
showing the flow of the control processing of a CPU to
illustrate the action of the ultrasound diagnostic appara-
tus of the second embodiment; Fig. 13 is a screen display
diagram showing a state in which the focus position is
moved in response to the display position of ROl when
a flow mode is executed by use of a conventional tech-
nique; Fig. 14 is a screen display diagram showing a
state in which the focus position in an ultrasound image
of aB-frame is displayed regardless of the display of ROI;
Fig. 15 is a screen display diagram showing a state in
which the focus position is displayed when an ROI is
displayed during the execution of a flow mode; Fig. 16 is
a screen display diagram when the full circle display
mode shown in Fig. 15 is changed to a half circle display
mode; Fig. 17 is a screen display diagram showing a
state in which the focus position of ROI during the exe-
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cution of a flow mode and the focus position of the B-
mode are displayed; and Fig. 18 is a screen display di-
agram showing a state in which the focus position of the
full circle display mode is displayed when ROl is elimi-
nated from the state of Fig. 17.

[0087] An ultrasound diagnostic apparatus 1 of the
second embodiment is similarly configured as the ultra-
sound diagnostic apparatus 1 of the first embodiment,
but differs in the control operation of the CPU 5 consti-
tuting control means. Itis noted that hereafter, the control
operation that differs from that of the first embodiment
will be described.

[0088] To be specific, the ultrasound diagnostic appa-
ratus 1 of the second embodimentis configured such that
the change of the display region of the monitor 8 corre-
sponds to the change of the display region of an ROI that
is displayed during the execution of a flow mode, and the
focus position of an ultrasound image is changed accord-
ing to the display region of the ROl even when the display
region of the ROl is changed.

[0089] Moreover, the ultrasound diagnostic apparatus
1 is configured such that each image of a B-frame and a
flow frame that are obtained by time division of a B-mode
and a flow mode are displayed in superposition on the
monitor 8 during the execution of a flow mode, and the
focus position of ultrasound image of the B-frame and
the focus position of ultrasound image of the flow frame
are changed respectively during the execution of the flow
mode.

[0090] Next, the operation of the ultrasound diagnostic
apparatus of the second embodiment will be described
by using Figs. 12 to 16.

[0091] Here, suppose that the operator performs the
automatic focusing setup of the ultrasound image dis-
played on the monitor 8 during the execution of a flow
mode by using the ultrasound diagnostic apparatus 1
shown in Fig. 1. In this case, the CPU 5 of Fig. 1 reads
out and executes a program corresponding to the flow
mode shown in Fig. 12 and stored in the storage unit 20.
[0092] The CPU 5 sets the start coordinate (indicated
by Sin Figs. 12 and 14) of an ROl 41, ROI_S, to "A", and
the end coordinate (indicated by E in Figs. 12 and 14) of
the ROI, ROI_E, to "B" in the processing of step S10,
and moves the process to step S11.

[0093] Inthe processing of step S11, the CPU 5judges
whether or not ultrasound data to be image-processed
is B-frame data, and when the data is B-frame data, the
CPU 5 executes routines from step S12, and otherwise
moves the process to step S 18.

[0094] When the data is ultrasound data of B-frame,
as with the first embodiment, the CPU 5 determines and
sets the current display range R in the processing of step
S12, and moves to the judgment processing of the fol-
lowing step S 13.

[0095] In the judgment processing of step S 13, the
CPU 5 judges whether or not the currently executed dis-
play mode is a full circle display mode in a radial display,
and when the display mode is a full circle display mode,
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the CPU 5 moves the process to step S14, and when the
display mode is not a full circle display mode, moves the
process to step S 15.

[0096] When the display mode is the full circle display
mode, the CPU 5 calculates and sets the focus position
Fc at R/4 or in the vicinity thereof in the processing of
step S 14 as with the processing of step S3 and step S4
(see Fig. 7) in the first embodiment. Next, the CPU 5
generates a selection signal that disposes the focus po-
sition Fc at R/4 or in the vicinity thereof, and outputs the
selection signal to the timing generator 23 via the scan
controller 22 in the controller 10 in the following step S 15.
[0097] Then, the Tx control section 30 of the timing
generator 23 (see Fig. 2) extracts transmission focusing
delay data based on the supplied selection signal from
the mapdata written in the flash memory 28, and outputs
a timing signal based on the transmission focusing delay
data to the transmission section 11, thereby causing the
focus position of the ultrasound image displayed on the
monitor 8 to be changed.

[0098] Therefore, when the ultrasound data is B-frame
data and the display mode is a full circle mode during the
execution of a flow mode, it is possible to display on the
monitor 8 an ultrasound image in a full circle display in
which a marker 40 that indicates a focus position located
at 1/4 of the display range R or in the vicinity thereof is
disposed, and the focus position is located at the position
of the marker 40, as with the first embodiment.

[0099] Thatis, although in conventional arts, a marker
40a indicting a focus position is changed in synchroniza-
tion with the display position of an ROI during the exe-
cution of a flow mode as shown in, for example, Fig. 13;
in the present embodiment, when the ultrasound data is
B-frame data during the execution of a flow mode, the
marker 40 is disposed at a position of 1/4 of the display
range R orin the vicinity thereof regardless of the display
position of the ROI 41 similarly to the first embodiment,
as shown in Fig. 14.

[0100] On the other hand, when the display mode is a
half circle display mode, the CPU 5 calculates and sets
the focus position Fc at R/2 or in the vicinity thereof in
the processing of step S16 as with the processing of step
S5 and step S6 in the first embodiment (see Fig. 7). Next,
the CPU 5 generates a selection signal that disposes the
focus position Fc at R/2 or in the vicinity thereof in the
processing of step S 17, and outputs the selection signal
to the timing generator 23 via the scan controller 22 in
the controller 10.

[0101] Then, the Tx control section 30 of the timing
generator 23 (see Fig. 2) extracts transmission focusing
delay data based on the supplied selection signal from
the mapdata written in the flash memory 28, and outputs
a timing signal based on the transmission delay data to
the transmission section 11, thereby causing the focus
position of the ultrasound image displayed on the monitor
8 to be changed.

[0102] Therefore, when the ultrasound data is B-frame
data and the display mode is a half circle mode during
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the execution of a flow mode, it is possible to display on
the monitor 8 an ultrasound image in half circle display
in which a marker 40 that indicates a focus position lo-
cated at 1/2 of the display range R or in the vicinity thereof
is disposed as shown in Fig. 16, and the focus position
is located at the position of the marker 40, as with the
first embodiment.

[0103] Next, when the ultrasound data is judged not to
be B-frame data in the judgment processing of the above-
described step S11, the CPU 5 judges that the ultrasound
data is flow frame data for executing a color flow mode
to display an ROI 41, and calculates and sets the focus
position Ff of the ROI 41 at (A+B)/2 in the processing of
step S 18.

[0104] Next, the CPU 5 generates a selection signal
that disposes the focus position Ff at (A+B)/2 or in the
vicinity thereof, and outputs the signal to the timing gen-
erator 23 via the scan controller 22 in the controller 10.
[0105] Then, the Tx control section 30 of the timing
generator 23 (see Fig. 2) extracts transmission focusing
delay data based on the supplied selection signal from
the mapdata written in the flash memory 28, and outputs
a timing signal based on the transmission focusing delay
data to the transmission section 11, thereby causing the
focus position of the ROI 41 displayed on the monitor 8
to be changed.

[0106] Therefore, when the ultrasound data is flow
frame data during the execution of a flow mode, it is pos-
sible to display on the monitor 8 a blood flow image of
an ROI 41 in which a marker 40A indicating a focus po-
sition is disposed at a position of (A+B)/2 or in the vicinity
thereof in the display region of an ROI 41, and the focus
position is located at the position of the marker 40A, as
shown in Fig. 14.

[0107] Inthe second embodiment, even when the op-
erator changes the display region of an ROI 41, the op-
erator can change the focus position of the ROI 41 without
performing burdensome operation.

[0108] Thatis, the CPU 5 judges if there is a key input
by the key operation of the keyboard 18 for changing the
display region of the ROI 41 in the judgment processing
of the following step S20, and when there is a key input,
the CPU 5 moves the process to step S21, and when
there is no key input, returns the process to step S11.
[0109] Inthe processing of step S21, the CPU 5 takes
in changed coordinates (X, Y) of an ROl 41 based on the
key input of the operator that is detected in step S22, and
sets the start coordinate A of the ROI 41 to (A + X) and
the end coordinate B to (B + Y) to change the display
region of the ROI 41.

[0110] Inthis case, as the result of the CPU 5 returning
the process to step S11 and performing the processing
of step S18 and step S 19 described above again, even
if the display region of the ROI 41 is changed, the marker
40A indicating the focus position is disposed approxi-
mately at the center of the ROI 1 after the change (see
Figs. 14 and 16).

[0111] Itis noted thatin the second embodiment, when
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an ROI 41 is displayed during the execution of a flow
mode, the CPU 5 controls the focus position not to be
changed for the marker 40 indicating the focus position
in an ultrasound image of B-frame even if the display
mode is changed to a full circle display mode as shown
in Fig. 15 or a half circle display mode (convex display)
as shown in Fig. 16.

[0112] Further, in the second embodiment, when op-
eration to eliminate the display of an ROI 41 is performed
during the execution of a flow mode, the CPU 5 performs
the control to eliminate the display of the ROI 41, as well
as performs control such that only the marker 40 indicat-
ing the focus position in the ultrasound image of B-frame
is displayed.

[0113] Therefore, although in such a case, the marker
40A is disposed approximately at the center of the ROI
41, and the marker 40 is disposed at the focus position
(position at 1/4 of the display range R or in the vicinity
thereof) in the ultrasound image of B-frame, on the mon-
itor 8 as shown in Fig. 17, when the ROI 41 is eliminated,
only the marker 40 is disposed at the focus position (po-
sitionat 1/4 of the display range R or in the vicinity thereof)
in the ultrasound image of B-frame as shown in Fig. 18.
[0114] It is noted that in the second embodiment, al-
though it has been described that both of the marker 40A
indicating the focus position of the ROl 41 and the marker
40 indicating the focus position of an ultrasound image
of B-frame are displayed in superposition on one screen,
it may be configured such that only the marker 40 indi-
cating the focus position of B-mode is displayed. Since
the focus position of flow mode is located around the
center of an RO, it is possible for a user to keep track of
the focus position even if the display thereof is omitted.
[0115] Therefore, according to the second embodi-
ment, it becomes possible to change the focus position
of B-frame and the focus position of flow frame respec-
tively during execution of a flow mode, and further it be-
comes possible to dispose the marker 40A such that the
focus position always coincides with the approximate
center position of the ROI 41 even when the display re-
gion of the ROI 41 is changed.

[0116] As aresult of this, even during the execution of
a flow mode, it becomes possible to ease the operation
to achieve a proper focus position. Other advantages are
similar to those of the first embodiment.

(Variant)

[0117] Figs. 19 to 21 show a variant of the ultrasound
diagnostic apparatus of the second embodiment, in
which Fig. 19is a flowchart showing the flow of the control
processing of a CPU; Fig. 20 is a screen display diagram
showing the focus position of a full circle display mode
during the execution of a flow mode; and Fig. 21 is a
screen display diagram showing the focus position of a
half circle display mode during the execution of a flow
mode.

[0118] In the present variant, although the CPU 5 per-
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forms control in an approximately similar manner as in
the second embodiment, the CPU 5 can change the focus
position of an ultrasound image to a position at 1/4 of the
display range R or in the vicinity thereof when the ultra-
sound data is B-frame data during the execution of a flow
mode, even if the display mode is a full circle display
mode or a half circle display mode, and further can per-
form control such that the focus position can be freely
changed according to a key operation by an operator.
[0119] To be specific, although the program (step S30
to step S41) shown in Fig. 19 and to be executed by the
CPU 5 is approximately the same as that in the second
embodiment (see Fig. 12), the judgment processing in
step S33, and the processing in step S35 and step S36
are different.

[0120] Thatis, the CPU 5 moves the process to step
S34 which is similar to the case in which the display mode
is a full circle display mode, even if the display mode is
not a full circle mode, that is, the display mode is a half
circle mode in the processing of step S33.

[0121] In the processing of step S34, the CPU 5 takes
in an amount of movement S of the focus position Fc
based on a key input by an operator detected in step
S35, and calculates and sets the focus position Fc at R/
4 + S, thereafter moving the process to step S36.
[0122] In the processing of step S36, the CPU 5 gen-
erates a selection signal that disposes the focus position
Fc at R/4 + S, and outputs the signal to the timing gen-
erator 23 via the scan controller 22 in the controller 10.
[0123] Then, the Tx control section 30 of the timing
generator 23 extracts transmission focusing delay data
based on the supplied selection signal from the mapdata
written in the flash memory 28, and outputs atiming signal
based on the transmission focusing delay data to the
transmission section 11, thereby causing the focus po-
sition of the ultrasound image displayed on the monitor
8 to be changed.

[0124] By performing such processing, it becomes
possible to dispose the focus position of an ultrasound
image of B-frame during the execution of a flow mode
always at the same focus position regardless of whether
the display mode is a full circle display mode or a half
circle display mode as shown in Fig. 20 and Fig. 21, and
also to change the focus position to a focus position
based on the operation to change focus position by the
operator.

[0125] Itis noted that similar operation asin the second
embodiment is performed on the focus position of an ROI
41 in the case of the flow frame during the execution of
a flow mode, and a marker 40A is disposed at a similar
focus position.

[0126] Therefore, according to the present variant,
since the marker 40 can be disposed always at the same
focus position regardless of the types of display mode
when the ultrasound data is B-frame data during the ex-
ecution of a flow mode, it is possible to make it easy for
the operator to change and adjust the focus position with
reference to the marker 40. Other advantages are the
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same as those of the second embodiment.
(Third Embodiment)

[0127] Figs. 22 to 24 relate to a third embodiment of
the present invention, in which Fig. 22 is a flowchart
showing the flow of the control processing of a CPU to
illustrate the action of an ultrasound diagnostic apparatus
relating to the third embodiment; Fig. 23 is a screen dis-
play diagram showing a state in which an ROI before the
display range is enlarged during the execution of a flow
mode is displayed; Fig. 24 is a screen display diagram
showing a state in which the display region of the ROl is
disposed within the display region of an ultrasound image
when the display range is enlarged from the state of Fig.
23.

[0128] An ultrasound diagnostic apparatus 1 of the
third embodiment is similarly configured as the ultra-
sound diagnostic apparatus 1 of the first embodiment,
but differs in the control operation of the CPU 5 consti-
tuting control means. Itis noted that hereafter, the control
operation that differs from that of the first embodiment
will be described.

[0129] In the third embodiment, although the CPU 5
performs control in approximately the same way as in
the second embodiment, when the display region (dis-
play range R) displayed on the monitor 8 in the ultrasound
image during the execution of a flow mode is changed,
the CPU 5 controls the size of an ROI 41 such that the
ROI 41 is disposed within the display region of the ultra-
sound image.

[0130] To be specific, the program (step S50 to step
S64) that is executed by the CPU 5 and shown in Fig. 22
is approximately the same as the program (see Fig. 12)
in the second embodiment, but the program differs in the
processing of step S50, and is newly added with the
processing of steps S58 and S59.

[0131] Here, suppose that as shown in Fig. 23, the
display range R has been enlarged by the operation of
the keyboard 18 by the operator during the execution of
a flow mode from a state in which an ultrasound image
and an ROI 41 corresponding to the display range R are
displayed on the monitor 8.

[0132] The CPU 5 executes the program to be execut-
ed after the enlargement of the display range R shown
in Fig. 22, setting the ROI 41 start coordinate ROI_S to
"A" and the ROI end coordinate ROI_E to "B" in the
processing of step S50, and further determines the en-
larged display range R’ thereafter moving the process to
step S51.

[0133] Then, in the judgment processing of step S51,
the CPU 5 judges whether or not the ultrasound data to
be subject to image processing is B-frame data, and
when the ultrasound data is B-frame data, the CPU 5
executes routines from step S52, and otherwise moves
the process to step S58.

[0134] Itis noted thatsince the operation of the routines
from step S52 to step S57 is similar as in the second
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embodiment, description thereof will be omitted.

[0135] The CPU 5 determines a display range R’ that
is currently executed in the processing of step S58.
[0136] Then, the CPU 5 obtains an enlargement ratio
o by using the numerical values of the display range R
and the display range R’ in the following processing of
step S59. When, for example, the display range R is 9
cm and the display range R’ is 4 cm, the enlargement
ratio o will be 9/4.

[0137] Then,the CPU 5respectively multiplies the start
coordinate S, "A" and the end coordinate E, "B" of an
ROI 41 by the obtained enlargement ratio o to calculate
the start coordinate ROI_S, "A" and the end coordinate
ROI_E, "B" after the enlargement of the ROI 41, there-
after moving the process to step S60.

[0138] The operation of the routines from step S60 to
step S64 is similar to that from step S 18 to step S22 in
the second embodiment.

[0139] Therefore, performing such processing makes
it possible to dispose an ROI 41 in an ultrasonic image
based on an enlarged display range R’ as shown in Fig.
24 evenifthe display range R is enlarged into the display
range R’ while the ROI 41 is being displayed during the
execution of a flow mode. Further, the marker 40A indi-
cating the focus position is disposed at the approximate
center position of the ROI 41 even if the display range is
enlarged.

[0140] Thus, even if the operator changes the display
range R, the operator can obtain an easy-to-see ultra-
sound image (blood flow image) of an ROI 41.

[0141] Therefore, according to the third embodiment,
the configuration that control is performed to automati-
cally adjust the size of an ROI 41 such that the ROI 41
is disposed within the display region of an ultrasound
image when the display region (display range R) dis-
played on the monitor 8 is changed in the ultrasound
image during the execution of a flow mode makes it pos-
sible to obtain an easy-to-see ultrasound image (blood
flow image) of the ROI 41 even if the display range R is
enlarged. Other advantages are the same as those of
the second embodiment.

[0142] By the way, when observation of a subject is
performed by using the ultrasound diagnostic apparatus
1, an ultrasound probe 2 to be connected to the ultra-
sound diagnostic apparatus 1 is selected from a plural
kinds of ultrasound probes according to the type of site
to be observed. Therefore, every time a different type of
ultrasound probe 2 is connected, the focus position
needs to be adjusted, which is inconvenient.

[0143] Then, in the ultrasound diagnostic apparatus 1
of the present invention, even when a different type of
ultrasound probe 2 is used according to the type of site
to be observed, it is possible to set the focus position to
be suitable for the connected ultrasound probe 2. Such
an embodiment will be described later.
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(Fourth Embodiment)

[0144] Figs. 25 to 27 relate a fourth embodiment of the
present invention, in which Fig. 25 is a flowchart showing
the control processing of a CPU to illustrate the action of
an ultrasound diagnostic apparatus relating to the fourth
embodiment; Fig. 26 is a screen display diagram showing
a state in which the focus position is set for each kind of
connected ultrasound probes in the display screen of an
ultrasound image of a half circle display mode; and Fig.
27 is a screen display diagram showing a state in which
the focus position suitable for a connected ultrasound
probe is set in the display screen of an ultrasound image
of a full circle display mode.

[0145] An ultrasound diagnostic apparatus 1 of the
fourth embodiment is similarly configured as the ultra-
sound diagnostic apparatus 1 of the first embodiment,
but differs in the control operation of the CPU 5 consti-
tuting control means, and in that user setup data is stored
in a storage unit 20.

[0146] The user setup data stored in the storage unit
20 includes, for example, a scope code that is assigned
to each kind of the ultrasound probe 2, and initial setup
information (which is, for example, stored in an "ini" file,
etc.) of focus position according to the kind of the ultra-
sound probe 2, etc.

[0147] Then, the CPU 5 reads out the initial setup in-
formation based on the ultrasound probe 2 to be con-
nected to a digital beam former 3, and performs the con-
trol to change the focus position based on the read-out
initial setup information.

[0148] Other configurations are the same as those of
the first embodiment.

[0149] Next, the action of the ultrasound diagnostic ap-
paratus 1 of the fourth embodiment will be described by
using Figs. 25 to 27.

[0150] Now, suppose that the operator has performed
the operation for automatic focusing setup of the ultra-
sound image displayed in the monitor 8 by use of the
ultrasound diagnostic apparatus 1 shownin Fig. 1, or has
manipulated a fourth button 35 (for focus presetting) of
the keyboard 18 shown in Fig. 4.

[0151] In this case, the CPU 5 of Fig. 1 reads out and
executes a program for the processing shown in Fig. 25,
and stored in the storage unit 20.

[0152] The CPU 5 detects a connected ultrasound
probe 2 in the processing of step S70, and compares the
detection result with the user setup data stored in the
storage unit 20, thereby recognizing a scope cord of the
connected ultrasound probe 2.

[0153] Then, in the following processing of step S71,
the CPU 5 acquires a focus position N (indicated by "A"
in Fig. 25) that is preset according to the recognized
scope code by using the ini file of the initial setup infor-
mation stored in the storage unit 20.

[0154] Inthis case, the focus position N is represented
by "A", and "A" is assigned to three-stage focus positions,
thatis, 1, 2, and 3 focus positions, for example, for each
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kind of the ultrasound probe 2. Moreover, the CPU 5 ac-
quires the data of o according to 1, 2, and 3 focus posi-
tions of "A" from the ini file of the initial setup information.
[0155] The data of a is, for example, 1/4 when "A" is
1, 1/2 when "A" is 2, and 3/4 when "A" is 3.

[0156] It is noted that the initial setup information of
focus position is not limited to one that is preset for the
above-described three stages, and may be increased or
decreased as needed.

[0157] Thereafter, the CPU 5 determines the display
range R in a currently executed mode in the processing
of step S72, and moves to the following judgment
processing of step S73.

[0158] In the judgment processing of step S73, the
CPU 5 judges whether or not the currently executed dis-
play mode is a full circle display mode in a radial display,
and when the display mode is the full circle display mode,
the CPU 5 moves the process to step S74, and when the
display mode is not the full circle display mode, moves
the process to step S76.

[0159] Here, first, description will be made on the case
in which the display mode is not the full circle display
mode, but the half circle display mode.

[0160] When the CPU 5 judges that the display mode
is not the full circle display mode in the judgment process-
ing of step S73, the CPU 5 recognizes that the display
region is changed from the full circle display mode to the
half circle display mode, and calculates and sets the fo-
cus position Fc at R X a, thereafter moving the process
to step S77.

[0161] In the processing of step S77, the CPU 5 gen-
erates a selection signal that disposes the focus position
FcatR X o, and outputs the signal to the timing generator
23 via the scan controller 22 in the controller 10.

[0162] By making the operation thereafter to be per-
formed in the same manner as in the first embodiment,
the focus position Fc of the ultrasound image displayed
on the monitor 8 is changed.

[0163] Therefore, performing such processing makes
it possible to dispose a marker 40N indicating a focus
position in a shallow area of the upper part of a monitor
8 for example as shown in Fig. 26, when a connected
ultrasound probe 2 is for the purpose of observing a sub-
ject having a shallow focus position such as a bronchus
and a lymph vessel, etc. with a small diameter probe.
[0164] Moreover, when the ultrasound probe 2 is for
the purpose of observing the inside of a subject having
a relatively deep focus position with a large diameter
probe, it becomes possible to dispose a marker 40F in-
dicating a focus position in a relatively deep area in the
lower part of the monitor 8.

[0165] Moreover, when the ultrasound probe 2 is for
the purpose of observing a subject at a middle point of
the above-described focus positions, it becomes possi-
ble to dispose a marker 40M indicating the focus position
at a position of 1/2 of display range R or in the vicinity
thereof as in the first embodiment.

[0166] Next, when the CPU 5 judges that the display
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mode is the full circle display mode in the judgment
processing of step S73, the CPU 5 calculates and sets
the focus position Fc at (R X a)/2 or in the vicinity thereof
by the processing of step S74, thereafter moving the
process to step S75.

[0167] The CPU 5 generates a selection signal that
disposes the focus position Fc at (R X «)/2 or in the
vicinity thereof in the processing of step S75, and outputs
the signal to the timing generator 23 via the scan con-
troller 22 in the controller 10.

[0168] By making the operation thereafter to be per-
formed in the same manner as in the first embodiment,
the focus position Fc of the ultrasound image displayed
on the monitor 8 is changed.

[0169] Therefore, since as a result of performing such
processing, afull circle display mode is executed by radial
scanning, the CPU 5 can dispose any of the marker 40N,
the marker 40M, and the marker 40F (see Fig. 26) ac-
cording to the kind of the ultrasound probe 2 even in the
full circle display mode as in the case of the half circle
display mode.

[0170] Itis noted that Fig. 27 shows a screen display
example in which a diagnostic ultrasound probe 2 is
judged to be connected, and a marker 40 indicting the
focus position is disposed at each position of 1/4 of the
display range R or in the vicinity thereof. In such a case,
it is possible to facilitate the observation of the entire ul-
trasound image in the middle of the focus positions.
[0171] Therefore, according to the fourth embodiment,
since the CPU 5 can read out the above-described initial
setup information based on the ultrasound probe 2 to be
connected to a digital beam former 3, and control the
focus position to be changed based on the readout initial
setup information, it is possible to ease the operation to
set the focus position when a different type of ultrasound
probes 2 is connected.

(Fifth Embodiment)

[0172] Fig. 28, which relates to a fifth embodiment of
the present invention, is a flowchart showing the flow of
the control processing of a CPU to illustrate the action of
an ultrasound diagnostic apparatus relating to the fifth
embodiment.

[0173] The ultrasound diagnostic apparatus 1 of the
fifth embodiment is similarly configured as the ultrasound
diagnostic apparatus 1 of the firstembodiment, but differs
in the control operation of the CPU 5 constituting control
means.

[0174] To be specific, the CPU 5 controls the focus
position of an ultrasound image to be set to any of three-
stage positions of a near point position, a middle point
position, and a far point position, based on the operation
by the keyboard 18.

[0175] Itis noted thatin this case, an operator performs
toggle operation by using a fourth button 35 of the key-
board 18. The CPU 5 successively sets the focus position
of the ultrasound image displayed on the monitor 8 to be
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at a near point position, a middle point position, or a far
point position based on the toggle operation of the fourth
button 35 by the operator.

[0176] Moreover, the CPU 5 includes a key counter for
counting the number of toggle operation by the fourth
button 35. That is, the count number N varies in such a
wayas1,2,3,1,2,3, ..

[0177] The other configurations are the same as those
of the first embodiment.

[0178] Next, the action of the ultrasound diagnostic ap-
paratus 1 of the fifth embodiment will be described with
reference to Fig. 28.

[0179] Now, suppose that an operator has performed
the operation to perform automatic focusing setup of the
ultrasound image displayed on the monitor 8 by using
the ultrasound diagnostic apparatus 1 shown in Fig. 1,
or has manipulated the fourth button 35 of the keyboard
18 shown in Fig. 4.

[0180] In this case, the CPU 5 of Fig. 1 reads out and
executes a program for the processing shown in Fig. 28
and stored in the storage unit 20.

[0181] The CPU 5 lets the counter value N of the key
counter not shown be 1 in the processing of step S80,
and in the following processing of step S81, sets the count
value N to 1 when the count value N becomes not less
than 4, thereafter moving the process to step S82.
[0182] In the processing of step S82, the CPU 5 de-
termines and sets the display range R in the currently
executed mode, and moves to the following judgment
processing of step S83.

[0183] In the judgment processing of step S83, the
CPU 5 judges whether or not the currently executed dis-
play mode is a full circle display mode in a radial display,
and when the display mode is the full circle display mode,
the CPU 5 moves the process to step S84, and when the
display mode is not the full circle display mode, moves
the processing to step S96.

[0184] Inthe processing of step S84, the CPU 5judges
whether or not the count value N is 1, and when the count
value N is 1, the CPU 5 moves the process to step S85,
and otherwise moves the process to step S90.

[0185] Inthe processing of step S85, since in this case,
the display mode is a full circle display mode, the CPU
5 calculates and sets the focus position Fc at R/4 or in
the vicinity thereof, and generates a selection signal that
disposes the focus position Fc at R/4 by the following
processing of step S86, and outputs the signal to the
timing generator 23 via the scan controller 22 in the con-
troller 10, thereby moving the process to step S87. It is
noted that performing the processing of step S85 will
cause a selection signal that disposes the focus position
Fc at a far point position to be outputted.

[0186] On the other hand, when the count value N is
not 1, the CPU 5 determines whether or not the count
value N is 2 in the judgment processing of step S90.
When the count value N is 2, the CPU 5 moves the proc-
ess to step S91, and otherwise moves the process to
step S93.
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[0187] The CPU 5 calculates and sets the focus posi-
tion Fc at R/8 or in the vicinity thereof in the processing
of step S91. Then, the CPU 5 generates a selection signal
that disposes the focus position Fc at R/8 or in the vicinity
thereof by the following processing of step S91, and out-
puts the signal to the timing generator 23 via the scan
controller 22 in the controller 10, thereafter moving the
process to step S87. It is noted that performing the
processing of step S91 will cause a selection signal that
disposes the focus position Fc at a middle point position
to be outputted.

[0188] Moreover, when the count value N is not 2, the
CPU 5 determines whether or not the count value N is 3
in the judgment processing of step S93. Then, when the
count value N is 3, the CPU 5 moves the process to step
S94, and otherwise returns the process to step S84.
[0189] In the processing of step S94, the CPU 5 cal-
culates and sets the focus position Fc at 3R/8 or in the
vicinity thereof. Then, the CPU 5 generates a selection
signal that disposes the focus position Fc at 3R/8 or in
the vicinity thereof by the following processing of step
S91, and outputs the signal to the timing generator 23
via the scan controller 22 in the controller 10, thereafter
moving the process to step S87. It is noted that perform-
ing the processing of step S94 will cause a selection sig-
nal that disposes the focus position Fc at a near point
position to be outputted.

[0190] Next, when the display mode is judged not to
be a full circle display mode in the judgment processing
of step S83, the CPU 5 recognizes that the display mode
is changed from a full circle display mode to a half circle
display mode. Then, the CPU 5 judges whether or not
the count value N is 1 in the judgment processing of step
S96, and when the count value N is 1, moves the process
to step S97 and otherwise moves the process to step
S99.

[0191] Inthe processinginstep S97, since in this case,
the display mode is a half circle display mode, the CPU
5 calculates and sets the focus position Fc at R/2 or in
the vicinity thereof then the CPU 5 generates a selection
signal that disposes the focus position Fc at R/2 or in the
vicinity thereof by the following processing of step S98,
and outputs the same to the timing generator 23 via the
scan controller 22 in the controller 10, thereafter moving
the process to step S87. It is noted that performing the
processing of step S97 causes a selection signal that
disposes the focus position Fc at a middle point position
to be outputted.

[0192] On the other hand, when the count value N is
not 1, the CPU 5 determines whether or not the count
value N is 2 in the judgment processing of step S99.
Then, when the count value N is 2, the CPU 5 moves the
process to step S100, and otherwise moves the process
to step S102.

[0193] In the processing of step S100, the CPU 5 cal-
culates and sets the focus position Fc at R/4 or in the
vicinity thereof. Then, the CPU 5 generates a selection
signal that disposes the focus position Fc at R/4 or in the
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vicinity thereof by the following processing of step S101,
and outputs the same to the timing generator 23 via the
scan controller 22 in the controller 10, thereafter moving
the process to step S87. It is noted that performing the
processing of step S 100 causes a selection signal that
disposes the focus position at a near point position to be
outputted.

[0194] Moreover, when the count value N is not 2, the
CPU 5 determines whether or not the count value N is 3
in the judgment processing of step S102. Then, when
the count value is 3, the CPU 5 moves the process to
step S103, and otherwise returns the process to step
S96.

[0195] In the processing of step S103, the CPU 5 cal-
culates and sets the focus position Fc at 3R/4 or in the
vicinity thereof. Then, the CPU 5 generates a selection
signal that disposes the focus position Fc at a position
of 3R/4 or in the vicinity thereof by the following process-
ing of step S104, and outputs the signal to the timing
generator 23 via the scan controller 22 in the controller
10, thereafter moving the process to step S87. It is noted
that performing the processing of step S103 causes a
selection signal that disposes the focus position Fc at a
far point position to be outputted.

[0196] Thereafter, the CPU 5 judges whether or not
thereis a key input by the fourth button 35 of the keyboard
18 in the processing of step S87. Then, when there is a
key input, the CPU 5 adds 1 to the count value N in the
processing of step S88, then returning the process to
step S82, and when there is no key input, keeps the count
value N as it is in the processing of step S89, then re-
turning the process to step S82.

[0197] As so far described, performing the processing
described above makes it possible to successively set
the focus position of the ultrasound image displayed on
the monitor 8 to any of three-stage positions, a near point
position, a middle point position, and a far point position
by the operator performing toggle operation of the fourth
button 35 of the keyboard 18, even when the display
mode is a full circle display mode or a half circle display
mode by a radial scanning.

[0198] Therefore, according to the fifth embodiment,
the operator can change the focus position of the ultra-
sound image with a simple operation, since the CPU 5
can control the focus position of an ultrasound image to
be set to any of three-stage positions of a near point
position, a middle point position, and a far point position
based on the operation through the keyboard 18.
[0199] Although, in the fifth embodiment, description
has been made that the focus position of an ultrasound
image is changed in three stages of a near point position,
a middle point position, and a far point position, this is
not restrictive and configuration may be such that more
focus positions are preset, and the focus positions are
successively set through toggle operation of the fourth
button 35 of the keyboard 18.

[0200] Moreover, although in the fifth embodiment, de-
scription has been made on the case in which a B-mode
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is executed, the fifth embodiment is of course effective
during the execution of a flow mode.

[0201] The present invention will not be limited to the
embodiments and the variant which have been described
so far, and can be modified and practiced in various ways
without departing from the spirit of the invention.

[0202] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2008-231244
filed on September 9, 2008, and the above described
disclosure is incorporated by reference in the present
description and claims.

Claims

1. An ultrasound diagnostic apparatus that transmits
ultrasound from an ultrasound transducer to a sub-
ject and displays an ultrasound image on a monitor,
the ultrasound diagnostic apparatus comprising:

transducer driving means that can transmit ul-
trasound with a predetermined focus position
from the ultrasound transducer;

display region changing means that can change
a display region to be displayed on a monitor, in
an ultrasound image; and

control means that changes a focus position of
the ultrasound by controlling the transducer driv-
ing means according to a change result of the
display region changing means.

2. The ultrasound diagnostic apparatus according to
claim 1, wherein
the control means changes the focus position of the
ultrasound image by controlling a transmission tim-
ing of timing adjustment means that adjusts the
transmission timing of the ultrasound in the trans-
ducer driving means.

3. The ultrasound diagnostic apparatus according to
claim 2, further comprising storage means that
stores transmission timing information according to
a display region to be displayed on the monitor in
the ultrasound image, wherein
when the display region is changed, the control
means reads out the transmission timing information
according to the display region after change from the
storage means, and controls the timing adjustment
means, thereby changing the focus position of the
ultrasound image based on the read-out transmis-
sion timing information.

4. The ultrasound diagnostic apparatus according to
any one of claims 1 to 3, wherein
the display region to be displayed on the monitor in
the ultrasound image is a full circle display in which
the ultrasound image is radially displayed during ra-
dial scanning of the ultrasound transducer, or a half
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circle display that is a half of the full circle display,
or a display region based on a region of interest in
the ultrasound image.

The ultrasound diagnostic apparatus according to
claim 4, wherein

when the display region is changed to the full circle
display of the radial display, the control means caus-
es at least two markers indicating a focus position
of the radially displayed ultrasound image to be dis-
played on the screen of the monitor.

The ultrasound diagnostic apparatus according to
claim 3, wherein

the control means changes a focus position of an
ultrasound image of a B-frame, and a focus position
of an ultrasound image of a flow frame, respectively
during execution of a flow mode.

The ultrasound diagnostic apparatus according to
claim 6, wherein

when a display region to be displayed on the monitor
in an ultrasound image during the execution of a flow
mode is changed, the control means adjusts the dis-
play size of a region of interest such that the region
of interest is disposed within the display region of
the ultrasound image.

The ultrasound diagnostic apparatus according to
claim 3, wherein

the storage means further stores initial setup infor-
mation of focus position according to a kind of an
ultrasound probe having the ultrasound transducer,
and

the control means reads out the initial setup infor-
mation based on the ultrasound probe to be connect-
ed to the ultrasound transmission/reception means
and changes the focus position based on the read-
out initial setup information.

The ultrasound diagnostic apparatus according to
any one of claims 2 to 3, further comprising operation
means for changing a focus position of the ultra-
sound image, wherein

the control means sets the focus position of the ul-
trasound image to any of three-stage positions of a
near point position, a middle point position, and a far
point position based on an operation of the operation
means.

The ultrasound diagnostic apparatus according to
claim 3, wherein

the storage means includes information of a delay
amount according to a sequence position of the ul-
trasound transducer as the transmission timing in-
formation.

A method for controlling a focus position of an ultra-
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12,

13.

14,

28

sound diagnostic apparatus that transmits ultra-
sound from an ultrasound transducer to a subject
and displays an ultrasound image on a monitor,
wherein

the method for controlling a focus position of the ul-
trasound diagnostic apparatus comprises:

changing a display region to be displayed on the
monitor in the ultrasound image; and
changing the focus position of the ultrasound by
controlling transducer driving means that drives
the ultrasound transducer according to the result
of the changing of the display region.

The method for controlling a focus position of an ul-
trasound diagnostic apparatus according to claim
11, wherein

a focus position of the ultrasound image is changed
by controlling the transmission timing of timing ad-
justment means that adjusts a transmission timing
of the ultrasound in the transducer driving means.

The method for controlling a focus position of an ul-
trasound diagnostic apparatus according to claim
12, wherein

when the display region is changed, transmission
timing information according to a display region after
change is read out from storage means that stores
transmission timing information according to a dis-
play region to be displayed on the monitor in the ul-
trasound image, and the timing adjustment means
is controlled based on the read-out transmission tim-
ing information to change a focus position of the ul-
trasound image.

The method for controlling a focus position of an ul-
trasound diagnostic apparatus according to any one
of claims 11 to 13, wherein

the display region to be displayed on the monitor in
the ultrasound image is a full circle display in which
the ultrasound image is radially displayed during a
radial scanning of the ultrasound transducer, or a
half circle display that is half of the full circle display,
or a display region based on a region of interest dis-
play in the ultrasound image.
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FIG.3
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FIG.6

TRANSMISSION FOCUS DELAY VALUE UNIT: ns

TRANSMISSION FOCUS POSITION (mm)

ELEMENTINO. |F1=5 [F2=10 |F3-16 |F4=22 [F5=28 [F6=34 [F7=42 [F8=49

el.1 25 -1300) -1400{ -1400) -1500
el.2 26 -1200] -1300} -1400] -1500
el.3 27 -1100] -1200] -1300{ -1400
el.d 28 -1000{ -1100; -1200{ -1200] -1300
el.5 . 29 -900/ -1000] -1100f -1200] -1300
el.6 30 =900 -900f -1000] -1100] -1200
el.7 3 -800 -900{ -1000{ -1100; -1200
el.8 32 -700] _ -700 -800 -900] -1000f -1100
el9 3 -600) -700 -800 -800 -900) -1000
el.10 34 -500) -600 -700 -800 -900{ -1000
el.11 35 -500;  -600 -700 -800 -800 =900
el.12 36 -400] -400{ -500 -600 -700 -800 -900
el.13 37 -300] -400| -500 -600 -700 -800 =900
el.14 38 -300] -400]  -400 -500 -600 -700 -800
el.15 39 -200] -300{ -400 -500 -600 -700 -800
el.16 40/ -100] -200] -300{ -400 -500 -600 -700 -800
el.17 41| -100{ -200[ -300) -400 -400 =500 -600 -700
el.18 42| -100f -100[ -200) -300 -400 -500 -600 =700
el.19 43 0f -100f -200f -300 -400 -500 -600 =700
el.20 4 0| -100f -200] -300 -400 -500 -600 -700
el.21 45 0] -100] -200; -300 -400 -500 -600 -700
el.22 46 0] -100f -200] -300 -400 -500 -600 -700
el.23 47 0f -100) -200] -300 -400 -500 -600 =700
el.24 48 0/ -100] -200{ -300 -400 -500 -600 =700
el.25 49 0| -100] -200[ -300 -400 =500 -600 =700
el.26 50 0f -100] -200] -300 -400 -500 -600 -700
el.27 51 0] -100f -200f -300 -400 =500 -600 =700
el.28 52 0| -100f -200[ -300 -400 -500 -600 =700
el.29 93 0] -100] -200] -300 -400 -500 -600 700
el.30 54 0f -100] -200{ -300 -400 =500 -600 =700
el.31 55, -100f -100] -200{ -300 =400 -500 -600 -700
el.32 56| -100[ -200{ -300] -400 -400 -500 -600 -700
el.33 57) -100{ -200{ -300] -400 -500 -600 -700 -800
el.34 58 -200] -300[ -400 -500 -600 -700 -800
el.35 59 -300] -400[ -400 -500 -600 -700 -800
el.36 60 -300]  -400{ -500 -600 =700 -800 -900
el.37 61 -400]  -400;  -500 -600 -700 -800 -900
el.38 62 -500/  -600 -700 -800 -800 -900
el.39 63 -500) -600 ~700 -800 -900, -1000
el.40 64 -600] -700 -800 -800 -900] -1000
el.41 65 -700) -700 -800 -900{ -1000] -1100
el.42 66 -800 -900]  -1000[ -1100{ -1200
el.43 67 -900 -900] -1000f -1100] -1200
el.44 68 -900) -1000{ -1100] -1200{ -1300
el.45 69 -1000] -1100] -1200] -1200{ -1300
el.46 70 -1100] -1200] -1300] -1400
el.47 n -1200{ -1300| -1400] -1500
el.48 72 -1300{ -1400] -1400{ -1500
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FIG.7

(AUTOMATIC FOCUSING SETUP)
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FIG.25

(AUTOMATIC FOCUSING SETTING)
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