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FIG.6

TRANSMISSION FOCUS DELAY VALUE UNIT: ns

TRANSMISSION FOCUS POSITION (mm)

ELEMENTINO. |F1=5 |F2=10 [F3=16 |F4=02 |F5228 [F6=34 |F7=42 |F8=49

el.1 25 -1300]  -1400] -1400; -1500
el.2 26 -1200] -1300]  -1400] -1500
el3 27 -1100 _ -1200]  -1300] -1400
eld 28 -1000] -1100] -1200; -1200, -1300
el5 29 -900| -1000] -1100] -1200] -1300
el6 30 -900]  -900] _ -1000| -1100, -1200
el.7 3N -800]  -900; -1000; -1100! -1200
el.8 32 -700] =700 -800|  -900] -1000_ -1100
el9 33 -600] -700]  -800]  -800]  -900  ~1000
el.10 4 -500] -600)  -700|  -800]  -900| -1000
el11 35 -500| -600] -700) -800{  -800)  -900
el.12 36 -400| -400] -500] _ -~600|  -700,  -800)  -900
el13 37 -300] -400| -500)  -600|  -700|  -800|  -900
el.14 38 =300/ -400| -400 500,  -600|  -700{  -BOO
el.15 39 =200 -300] -~400] -500;  -600|  -700]  -800
el.16 40] -100] -200f -300] -400/  -500]  -600]  -700]  -800
eli7 41 =100] -200 -300| -400| -400,  -500;  -600|  -700
el.i8 42| -100) -100; -200f -300] -400] 500/  -600]  -700
el.19 43 0f =100/ -200| -300; -400]  -500, -600]  -700
el.20 44 0] -100] -200[ -300; -400] -500]  -600]  -700
el.2 45 0| =-100] =200/ -300{ -400] -500,  -600]  -700
el.22 46 0 -100] -200] -300/  -400]  -500]  -600] -700
el.23 4 0j -100] -200/ -300| -400] -500)  -600]  -700
el.24 48 0] -100) -200f -300/ -400f  -500]  -600]  -700
el.25 49 0 -100; -200; -300]  -400;  -500[  -600] -700
el.26 50 0 -100] -200/ -300| -400)  -500{  -600|  -700
el.27 51 0] -100] -200] -300] -400[  -500[  -60O|  -700
el.28 52 0} -100{ -200/ -300! =400,  -500] -600]  -700
el.29 93 0; -100] -200{ -300, -400{ -500|  -BOO|  -700
el30 54 0] -100] -200/ -300, -400,  -500,  -600]  -700
el.31 95| =-100| -100f -200] -300| ~-400]  ~500[  -60O] 700
el.32 56] -i00] -200] -300] -400| -400]  -500]  -600[  -700
el.33 57| -100] -200{ -300/ -400]  -500{ -60O]  -70 -800
el.34 58 =200 -300] -400] -500|  -600|  -700]  -800
el.35 89 -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|  -B0O]  -900
el.38 62 -500; -600] -700|  -800[  -800|  -900
el.39 63 -500] _-600] -700]  -800j  -900! -1000
el40 64 -600] -700/ -B0O|  -800]  -900] -1000
el 65 -700] -700]  -800]  -900{ -1000| -1100
eld? 66 -800]  -800/ -1000[ -1100{ -1200
el4d | 67 -900] _ -900) -1000] -1100[ -1200
eldd 68 -900)  -1000] -1100; -1200] -1300
el45 69 ~1000] -1100] -1200 -1200{ -1300
el.46 70 -1100]  ~1200] -~1300{ -1400
el47 m -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 )

¥
SCOPE CODE RECOGNITION ~S70

¥

ACQUIRE F POSITION

FROM ini FILE -
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¥
————=| Range=R |-~G72
T _-S73
~cmcier
YES !
| Fe=(Rxo)2 |~874 | Fe=RXo |~S75
Y i
OUTPUT SELECTION OUTPUT SELECTION
SIGNAL ACCORDING |-~§75 | SIGNAL ACCORDING ~S77
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD FOR CONTROLLING FOCUS
POSITION OF ULTRASOUND DIAGNOSTIC
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
PCT/IP2009/065437 filed on Sep. 3, 2009 and claims benefit
of Japanese Application No. 2008-231244 filed in Japan on
Sep. 9, 2008, the entire contents of which are incorporated
herein by this reference.

BACKGROUND OF INVENTION
[0002] 1. Field of the Invention
[0003] The present invention relates to an ultrasound diag-

nostic apparatus that can change a focus position of an ultra-
sound image when a display region of the ultrasound image is
changed, according to the changed display region, and a
method for controlling a focus position of the ultrasound
diagnostic apparatus.

[0004] 2. Description of the Related Art

[0005] In recent years, ultrasound diagnostic apparatuses
are widely used in the medical and industrial fields. An ultra-
sound diagnostic apparatus repeatedly transmits ultrasound
from an ultrasound transducer to a biological tissue, and
receives an echo signal of ultrasound reflected from the bio-
logical tissue to display the information in a living body as a
visible ultrasound tomographic image (hereafter, simply
referred to as an ultrasound image).

[0006] Inparticular, an electronic scanning type ultrasound
diagnostic apparatus, which electronically drives an ultra-
sound transducer to scan inside a body cavity, makes it pos-
sible to freely change the scanning method and to scan in
various modes such as a flow mode including a color flow
mode that can visualize the image of blood flow, besides a
B-mode that displays a normal black-and-white image.
[0007] One such ultrasound diagnostic apparatus capable
of scanning in various modes is, for example, an ultrasound
diagnostic apparatus according to Japanese Patent Applica-
tion Laid-Open Publication No. 11-290318.

[0008] The ultrasound diagnostic apparatus according to
Japanese Patent Laid-Open Publication No. 11-290318
includes a transmission circuit, a mode input section, a trans-
mission control circuit, and a transmission condition
memory, wherein the transmission control circuit is config-
ured to acquire a transmission condition corresponding to a
position and a mode (a fundamental wave mode correspond-
ing 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 opera-
tor from the transmission condition memory, and controls the
transmission circuit based on the acquired transmission con-
dition thereby adjusting operational states such as a transmis-
sion frequency, a focus depth at the time of transmission, a
diameter of a transmission aperture, and the like.

[0009] Thus, the ultrasound diagnostic apparatus according
to Japanese Patent Application Laid-Open Publication No.
11-290318 makes it possible to place a region of maximum
sound pressure at an ROI either in a fundamental wave mode
or a harmonic wave mode by setting the transmission condi-
tion such that while the focus of ultrasound is placed at the

Jun. 23,2011

ROT in the basic wave mode, 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 loca-
tion of high image quality region at the time of mode switch-
ing is prevented.

[0010] Generally, in the observationby use of anultrasound
image, an operator causes a desired ultrasound tomographic
image to be displayed by changing the display region of the
ultrasound image to be displayed during the execution of each
mode, as well as by switching each mode.

SUMMARY OF THE INVENTION

[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 monitor, the ultrasound
diagnostic apparatus comprising: a transducer driving section
that can transmit ultrasound with a predetermined focus posi-
tion from the ultrasound transducer; a display region chang-
ing section that can change a display region to be displayed on
a monitor, in an ultrasound image; and a control section that
changes a focus position of the ultrasound by controlling the
transducer driving section according to a change result of the
display region changing section.

[0012] The method for controlling a focus position of an
ultrasound diagnostic apparatus of the present invention is a
method for controlling a focus position of an ultrasound diag-
nostic apparatus that transmits ultrasound 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 region to be displayed on the monitor in the
ultrasound image; and changing the focus position of the
ultrasound by controlling the transducer driving section for
driving the ultrasound transducer according to the result of
the changing of the display region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1is ablockdiagram showing a configuration of
an ultrasound diagnostic apparatus relating to a first embodi-
ment of the present invention;

[0014] FIG. 2 is a block diagram showing a concrete con-
figuration of a controller of FIG. 1;

[0015] FIG. 3 is a configuration diagram showing a con-
crete configuration of a keyboard of FIG. 1,

[0016] FIG. 4 shows a configuration example of a touch
panel operation portion of FIG. 3;

[0017] FIG. 5is a graph showing the relationship between
an ultrasound transducer number of F1G. 1 and a transmission
delay amount;

[0018] FIG. 6 is mapdata showing an example of transmis-
sion timing information stored in a storage unit of FIG. 1;
[0019] 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;
[0020] FIG. 8isascreen 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;

[0021] FIG. 91is a screen display diagram when the display
range is changed from the full circle display of FIG. 8;
[0022] FIG. 10 is a screen display diagram showing a state
in which the focus position is fixed when the display region is
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changed from the full circle display of FIG. 8 to a half circle
display by use of a conventional technique;

[0023] FIG. 11 is a screen display diagram showing a state
in which the focus position is changed when the display
region is changed from the full circle display of FIG. 8 t0 a
half circle display;

[0024] FIG. 12 is a flowchart showing the flow of the con-
trol processing of a CPU to illustrate the action of the ultra-
sound diagnostic apparatus relating to a second embodiment
of the present invention;

[0025] 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 flow mode by use
of a conventional technique;

[0026] 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;
[0027] 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;

[0028] 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;

[0029] FIG. 17 is a screen display diagram showing a state
in which the focus position of ROI during the execution of a
flow mode and the focus position of the B-mode are dis-
played,

[0030] 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,

[0031] FIG. 19 is a flowchart showing the flow of the con-
trol processing of a CPU to illustrate a variant of the ultra-
sound diagnostic apparatus of the second embodiment;
[0032] FIG. 20 is a screen display diagram showing the
focus position of a full circle display mode during the execu-
tion of a flow mode;

[0033] FIG. 21 is a screen display diagram showing the
focus position of a half circle display mode when the flow
mode is executed;

[0034] FIG. 22 is a flowchart showing the flow of the con-
trol processing of a CPU to illustrate the action of an ultra-
sound diagnostic apparatus relating to a third embodiment of
the present invention;

[0035] FIG. 23 is a screen display diagram showing a state
in which an ROI before the display range is enlarged is dis-
played during the execution of a flow mode;

[0036] FIG. 24 is a screen display diagram showing a state
in which the display region of the ROT is disposed within the
display region of an ultrasound image when the display range
is enlarged from the state of FIG. 23;

[0037] FIG. 25 is a flowchart showing the control process-
ing of'a CPU to illustrate the action of an ultrasound diagnos-
tic apparatus relating to a fourth embodiment of the present
invention;

[0038] 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;

[0039] FIG. 27 is a screen display diagram showing a state
in which the focus position suitable for a connected ultra-
sound probe is set in the display screen of an ultrasound image
of a full circle display mode; and
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[0040] FIG. 28 is a flowchart showing the flow of the con-
trol processing of a CPU to illustrate the action of an ultra-
sound diagnostic apparatus relating to a fifth embodiment of
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0041] Hereafter, embodiments of the present invention
will be described with reference to the drawings.

First Embodiment

[0042] FIGS. 1 to 11 relate to the first embodiment of the
presentinvention, in which FIG. 1is a block diagram showing
a configuration of an ultrasound diagnostic apparatus; FI1G. 2
is a block diagram showing a concrete configuration of a
controller of FIG. 1; FIG. 3 is a configuration diagram show-
ing a concrete configuration of a keyboard of FIG. 1; F1G. 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 transducer 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 embodi-
ment; and FIGS. 8 to 11 are screen display diagrams of a
monitor forillustrating the action of the ultrasound diagnostic
apparatus of the first embodiment.

[0043] As shown in FIG. 1, an ultrasound diagnostic appa-
ratus 1 of the first embodiment is configured to include an
ultrasound probe 2, a digital beam former 3, a signal proces-
sor board 4, a CPU 5, a main memory 6, a peripheral appa-
ratus 7, and a monitor 8.

[0044] The ultrasound probe 2 is configured by arranging a
plurality of ultrasound transducers 2a (hereafter, may also be
referred to as “elements”). The plurality of ultrasound trans-
ducers 2a are electrically connected to the digital beam
former 3 via a signal line.

[0045] 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.

[0046] Thedigital beam former 3 is detachably connectable
with the ultrasound probe 2. This digital beam former 3 con-
stitutes ultrasound transmission/reception means and timing
adjustment means as a timing adjustment section. The digital
beam former 3 and the signal processor board acquire an echo
signal from the ultrasound probe 2 to generate an ultrasound
image, and cause the generated ultrasound image to be dis-
played on the monitor 8 via a CPU 5 and a peripheral appa-
ratus 7.

[0047] Next, the configuration of the digital beam former 3
will be described.

[0048] As shown in FIG. 1, the digital beam former 3 is
configured to include a controller 10, a transmission section
11, a multiplexer (MUX) 12, a reception section 13, an ADC
14, a beam former 15, and a MUX controller 16.

[0049] The transmission section 11 as a transducer driving
section constitutes transducer driving means, and the recep-
tion section 13 constitutes ultrasound reception means. The
transmission section 11 generates a transmission electric sig-
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nal for driving an ultrasound transducer 2a selected by the
multiplexer 12, and outputs the signal to the corresponding
ultrasound transducer 2a. The ultrasound transducer 2a con-
verts the transmission electric signal supplied, with each
transducer element into ultrasound, and transmits it to a sub-
jectnot shown.

[0050] Then, the ultrasound reflected at the subject is con-
verted into an electric signal again by each transducer element
of the ultrasound transducer 2a, and the converted electric
signal is inputted into the reception section 13 via the multi-
plexer 12.

[0051] The multiplexer 12 selects an ultrasound transducer
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.

[0052] Itisnoted that the MUX controller 16 is configured
to control the selection of the ultrasound transducer 2a by the
multiplexer 12 based on the control signal from a scan con-
troller 22 of the controller 10.

[0053] 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 transducer 2a and
outputs the signal to the ADC 14.

[0054] The ADC 14 performs A/D conversion of the ampli-
fied received signal to convert the signal into digital data and
outputs the same to the beam former 15.

[0055] The beam 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 sig-
nal 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.

[0056] On the other hand, when ultrasound is transmitted
from an ultrasound transducer 2a of the ultrasound probe 2,
the controller 10, which is transmission adjustment means,
adjusts the transmission timing of the ultrasound by the trans-
mission section 11.

[0057] The controller 10 is configured to include the scan
controller 22 and a timing generator 23.

[0058] The scan controller 22 is electrically connected to
the signal processing section 17 of the signal processor board
4 by means of abus 17A, and is controlled by the CPU 5 to be
described below. The scan controller 22 controls the timing
generator 23 for the transmission section based on the instruc-
tion of the CPU 5 so that the transmission timing of ultra-
sound 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.

[0059] It is noted that concrete configurations of the con-
troller 10 that constitutes a principal part of the present inven-
tion will be described later.

[0060] Next, the configurations of the signal processor
board 4, the CPU 5, the main memory 6, and the peripheral
apparatus 7 will be described.

[0061] 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 appropri-
ately providing necessary blocks without being limited to the
configuration shown in FIG. 1.

[0062] The signal processing section 17 performs signal
processing according to the kinds of combined data to be
inputted.
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[0063] For example, in the case of B-mode, the signal pro-
cessing section 17 performs processing for generating
B-mode data, such as band pass filtering, Log compression,
wave detection, gain adjustment, contrast adjustment, and the
like. Moreover, in the case of a flow mode, the signal process-
ing section 17 performs processing for generating color data
relating to blood flow. Then, the signal processing section 17
stores processed sound ray data in a frame memory not shown
for every one frame.

[0064] 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.

[0065] 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 monitor 8.

[0066] The peripheral apparatus 7 is configured to include
the I/F 21, akeyboard 18, a filing system 19, and a storage unit
20 that constitutes storage means.

[0067] The filing system 19 stores various data necessary
for performing diagnosis by use of the ultrasound diagnostic
apparatus 1, for example, patient information and ultrasound
image data for each patient, etc. It is noted that the filing
system 19 may be configured to obtain necessary data and
information by connecting to a server via a network laid in,
for example, a hospital.

[0068] Thekeyboard 18 as an operation portion constitutes
operation means, and is configured, for example as shown in
FIG. 3, to include various key operation portion 18a, a first
switch operation portion 185 made up of a plurality of
switches, a second switch operation portion 18¢ made up ofa
trackball and the like, a third switch operation portion 184
made up of a plurality of switches for increasing/decreasing
various settings, and a fourth switch operation portion 18e
which is a touch panel operation portion by use of an LCD.

[0069] 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 appropri-
ately increased or decreased, and the layout of the switch
operation portion is changed.

[0070] Moreover, the fourth switch operation portion 18e
displays, for example, an operation panel screen 30 for
manual focusing menus, and there are arranged in the opera-
tion panel screen 30, a first button 31 for selecting 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 that is set to any one of a near point position
(N), amedium point position (M), and a far point position (F)
is displayed in the focusing location focus display section
35a.

[0071] The storage unit 20 stores a program that is neces-
sary for controlling the entire ultrasound diagnostic apparatus
1such as the digital beam former 3, the signal processor board
4, and the peripheral apparatus 7, by the CPU 5.
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[0072] Further, the storage unit 20 stores user setup infor-
mation, such as transmission timing information according to
the display region to be displayed on the monitor 8, and initial
setup information of focus position according to the kind of
the ultrasound probe 2, in an ultrasound image.

[0073] Next, a concrete configuration of the controller 10
that constitutes a principal part of the present invention, and
transmission timing information that is supplied to the con-
troller 10 through the control by the CPU 5 will be described
by using FIGS. 2, 5, and 6.

[0074] As shown in FIG. 2, the controller 10, which con-
stitutes display region changing means as a display region
changing section together with the CPU 5, is configured to
include a scan controller 22 and a timing generator 23, which
are electrically connected by an internal bus 24.

[0075] 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 section 27, which
is connected to the bus 17A, is controlled by the CPU 5.
[0076] The scan control section 27 controls the timing gen-
erator 23 according to the instruction from the CPU 5.
[0077] The timing generator 23 is configured to include a
flash memory 28, a timing generation section 29, and a Tx
control section 30.

[0078] The Tx control section 30 outputs to the transmis-
sion section 11 a control signal for changing the transmission
timing of ultrasound by the transmission section 11 based on
the timing signal from a timing generation section 29, accord-
ing to the instruction from the scan control section 27.
[0079] Moreover, in the present embodiment, when trans-
mission timing information is supplied from the scan control-
ler 22, the Tx control section 30 writes the transmission
timing information into the flash memory 28, and outputs a
timing signal according to the transmission timing informa-
tion based on a selection signal from the CPU 5, out of the
transmission timing information, to the transmission section
11.

[0080] Itis noted that the timing signal from the Tx control
section 30 desirably outputs triggers of two types to generate,
for example, a bipolar pulse of a positive pulse and a negative
pulse.

[0081] Therefore, as the result of such timing signal being
outputted to the transmission section 11, the transmission
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 anultrasound
image is changed.

[0082] Inthis case, to change the focus position of an ultra-
sound image, it is necessary to adjust a delay amount accord-
ing to the sequence position of the ultrasound transducer 2a
(ultrasound transducer number).

[0083] FIG. 5 shows the relationship between the ultra-
sound transducer number (corresponding to the sequence
position) according to a plurality of focus positions A to H (in
FIG. 5, focus positions F'1 to F'8 are designated by A to H) and
the delay amount.

[0084] Itis noted that the ultrasound diagnostic apparatus 1
of the present embodiment is configured to vary the transmis-
sion aperture depending on the focus position as shown in
FIG. 5. Moreover, the ultrasound diagnostic 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 transduc-
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ers 2a to be used at the deepest point of the focus position
according to the ultrasound probe 2 to be used.

[0085] 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 1s stored in the storage unit 20 as the timing information for
each kind of the ultrasound probe 2.

[0086] In the present embodiment, the CPU5 as a control
section constitutes control means, and changes the focus posi-
tion of an ultrasound image by controlling the transmission
timing of the timing generator 23 in response to a change of
the display region to be displayed on the monitor 8.

[0087] 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.

[0088] Then, the CPU 5 recognizes the display region after
the change, and outputs a selection signal for selecting trans-
mission focusing delay data corresponding to the display
region after the change to the Tx control section 30 via the
internal bus 24.

[0089] The Tx control section 30 extracts the transmission
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 focusing delay data to the
transmission section 11 thereby changing the focus position.
[0090] Next, the action of the ultrasound diagnostic appa-
ratus of the first embodiment will be described with reference
to FIGS. 7to 11.

[0091] Itisnoted that F1G. 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 showing a state in which the
focus position 1s 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 showing 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.

[0092] Here, suppose that the operator performs automatic
focusing setup of ultrasound image displayed in the monitor
8 by use of the ultrasound diagnostic apparatus 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.

[0093] The CPU 5 determines the display range (indicated
by R: Range in FIG. 7) in the currently executed mode in the
processing of step S1 and moves to judgment processing in
the following step S2.

[0094] 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 S5 when the
display mode is not a full circle display mode.

[0095] Since the processing of step S3 is a case in which the
display mode is a full circle display mode, the CPU 5 calcu-
lates 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.
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[0096] 1In the processing of step S4, the CPU 5 generates a
selection signal that disposes the focus position Fc at R/4 orin
the vicinity thereof, and outputs the signal to the timing
generator 23 via the scan controller 22 in the controller 10.
[0097] It is noted that when automatic focusing setup is
executed, the CPU 5 reads out the mapdata of the transmis-
sion 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.

[0098] Then, the Tx control section 30 of the timing gen-
erator 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 outputs a timing signal
based on the transmission focusing delay data to the trans-
mission section 11, thereby causing the focus position of the
ultrasound image displayed on the monitor 8 to be changed.
[0099] Itis noted thatin 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 processing section 17 and
the I/F 21.

[0100] Therefore, performing these processing will make it
possible to display an ultrasound image of a full circle dis-
play, in which the marker 40 indicating the focus position is
disposed at two points along one side of the display frame (at
positions at Y4 of the display range R or in the vicinity
thereof), and the focus position is located at the position of the
marker 40.

[0101] In this case, since in a full circle display mode, the
display image is a radial display image of 360 degrees, two
more markers 40 in addition to the above-described marker
40 may be provided at a position at /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.

[0102] Moreover, whenitis 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.

[0103] 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.
[0104] On the other hand, when the display mode is judged
notto be a full 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 display mode to a half
circle display mode, and calculates and sets the focus position
Fc at R/2 or in the vicinity thereofin the processing of step S5,
thereafter moving the process to step S6.

[0105] In the processing of step S6, the CPU 5 generates a
selection signal that disposes the focus position Fcat R/2 orin
the vicinity thereof, and outputs the signal to the timing
generator 23 via the scan controller 22 in the controller 10.

[0106] Then, the Tx control section 30 of the timing gen-
erator 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.
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[0107] That is, 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 404 indicating a focus
position will be disposed at a center position of the set display
range, thatis, ata position of 1.5 cm without change from the
full circle display mode, as shown in FIG. 10.

[0108] However, in the present embodiment, performing
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 indicating a focus position
is disposed at a position of %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.

[0109] 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 ofthe display region (display range)
of the monitor 8 in an ultrasound image.

[0110] Therefore, according to the first embodiment, the
focus position of the ultrasound image may be configured to
be changed according to a display region when the display
region of an ultrasound image 1s changed, thereby easing the
operation to achieve a proper focus position.

[0111] 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 reso-
lutionultrasound images thereby contributing to the improve-
ment of observation performance by an ultrasound diagnostic
apparatus.

[0112] Itis noted that in the first embodiment, although it
has been described that two of the markers 40 indicating a
focus position are disposed on one vertical side of the image
display frame of the monitor 8, this configuration is not
restrictive, and for example, configuration may be such that
more markers 40 are disposed on one horizontal side of the
image display frame of the monitor 8.

Second Embodiment

[0113] FIGS. 12 to 18 relate to a second embodiment of the
present invention, in which F1G. 12 is a flowchart showing the
flow of the control processing of a CPU to illustrate the action
of the ultrasound diagnostic apparatus of the second embodi-
ment; FIG. 13 is a screen display diagram showing a state in
which the focus position is moved in response to the display
position of ROI when a flow mode is executed 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
RO, FIG. 15 is a screen display diagram showing a state in
which the focus position is displayed when an ROI is dis-
played 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 execution of a flow mode
and the focus position of the B-mode are displayed; and FIG.
18 is a screen display diagram showing a state in which the
focus position of the full circle display mode is displayed
when ROI is eliminated from the state of FIG. 17.
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[0114] An ultrasound diagnostic apparatus 1 of the second
embodiment is similarly configured as the ultrasound diag-
nostic apparatus 1 of the first embodiment, but differs in the
control operation of the CPU § constituting control means. It
is noted that hereafter, the control operation that differs from
that of the first embodiment will be described.

[0115] To be specific, the ultrasound diagnostic apparatus 1
of the second embodiment is configured such that the change
of the display region of the monitor 8 corresponds 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 according to the display
region of the ROI even when the display region of the ROl is
changed.

[0116] 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.

[0117] Next, the operation of the ultrasound diagnostic
apparatus of the second embodiment will be described by
using FIGS. 12 to 16.

[0118] Here, suppose that the operator performs the auto-
matic focusing setup of the ultrasound image displayed 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.

[0119] The CPU 5 sets the start coordinate (indicated by S
in FIGS. 12 and 14) of an ROI 41, ROI_S, to “A”, and the end
coordinate (indicated by E in FIGS. 12 and 14) of the RO,
ROIL_E, to “B” in the processing of step S10, and moves the
process to step S11.

[0120] In the processing of step S11, the CPU 5 judges
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 S18.

[0121] 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 following step S13.
[0122] In the judgment processing of step S13, the CPU 5
judges whether or not the currently executed display mode is
a full circle display mode in a radial display, and when the
display mode is a full circle display mode, 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 S15.
[0123] 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 S14 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 position 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 S15.

[0124] Then, the Tx control section 30 of the timing gen-
erator 23 (see FI1G. 2) extracts transmission focusing delay
data based on the supplied selection signal from the mapdata
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written in the flash memory 28, and outputs a timing signal
based on the transmission focusing delay data to the trans-
mission section 11, thereby causing the focus position of the
ultrasound image displayed on the monitor 8 to be changed.
[0125] Therefore, when the ultrasound data is B-frame data
and the display mode is a full circle mode during the execu-
tion 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 %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.

[0126] That is, although in conventional arts, a marker 40a
indicting a focus position is changed in synchronization with
the display position of an ROI during the execution 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 ¥4 of the display range R or in the vicinity thereof
regardless of the display position of the ROI 41 similarly to
the first embodiment, as shown in FIG. 14.

[0127] On the other hand, when the display mode is a half
circle display mode, the CPU § calculates and sets the focus
position Fe at R/2 or in the vicinity thereof in the processing
of step 816 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 FcatR/2 orin
the vicinity thereof in the processing of step S17, and outputs
the selection signal to the timing generator 23 via the scan
controller 22 in the controller 10.

[0128] Then, the Tx control section 30 of the timing gen-
erator 23 (see F1G. 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 ultra-
sound image displayed on the monitor 8 to be changed.
[0129] Therefore, when the ultrasound data is B-frame data
and the display mode is a half circle mode during the execu-
tion 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 located at 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.

[0130] Next, when the ultrasound data is judged not to be
B-frame data in the judgment processing of the above-de-
scribed 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 S18.

[0131] 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 generator 23 via
the scan controller 22 in the controller 10.

[0132] Then, the Tx control section 30 of the timing gen-
erator 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 trans-
mission section 11, thereby causing the focus position of the
ROI 41 displayed on the monitor 8 to be changed.

[0133] Therefore, when the ultrasound data is flow frame
data during the execution of a flow mode, it is possible to
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display on the monitor 8 a blood flow image of an ROI 41 in
which a marker 40A indicating a focus position 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.

[0134] In the second embodiment, even when the operator
changes the display region of an ROI 41, the operator can
change the focus position of the ROI 41 without performing
burdensome operation.

[0135] That is, 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 fol-
lowing 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.

[0136] In the processing of step S21, the CPU 5 takes in
changed coordinates (X, Y) of an ROI 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 coor-
dinate B to (B+Y) to change the display region of the ROI 41.
[0137] In this case, as the result of the CPU 5 returning the
process to step S11 and performing the processing of step S18
and step S19 described above again, even if the display region
of the ROT 41 is changed, the marker 40 A indicating the focus
position is disposed approximately at the center of the ROI 1
after the change (see FIGS. 14 and 16).

[0138] Itis noted that in the second embodiment, when 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.

[0139] Further, in the second embodiment, when operation
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 indicating the focus
position in the ultrasound image of B-frame is displayed.

[0140] 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 %4 of
the display range R or in the vicinity thereof) in the ultrasound
image of B-frame, on the monitor 8 as shown in FIG. 17,
when the ROI41 is eliminated, only the marker 40 is disposed
at the focus position (position at ¥4 of the display range R or
in the vicinity thereof) in the ultrasound image of B-frame as
shown in FIG. 18.

[0141] Itisnoted that in the second embodiment, although
it has been described that both of the marker 40A indicating
the focus position of the ROI 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 config-
ured such that only the marker 40 indicating the focus posi-
tion 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.

[0142] Therefore, according to the second embodiment, it
becomes possible to change the focus position of B-frame and
the focus position of flow frame respectively during execution
of a flow mode, and further it becomes possible to dispose the
marker 40A such that the focus position always coincides
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with the approximate center position of the ROI 41 even when
the display region of the ROI 41 is changed.

[0143] As a result 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)

[0144] FIGS. 19 to 21 show a variant of the ultrasound
diagnostic apparatus of the second embodiment, in which
FIG. 19 is a flowchart showing the flow of the control pro-
cessing of a CPU; FIG. 20 is a screen display diagram show-
ing 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.

[0145] Inthe present variant, although the CPU 5 performs
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 % of the display range R or
in the vicinity thereof when the ultrasound data is B-frame
data during the execution of a flow mode, even if the display
mode is a fall circle display mode or a half circle display
mode, and further can perform control such that the focus
position can be freely changed according to a key operation
by an operator.

[0146] 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.

[0147] That is, 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.

[0148] Inthe 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.

[0149] Inthe processing of step S36, the CPU 5 generates a
selection signal that disposes the focus position Fc at R/4+S,
and outputs the signal to the timing generator 23 via the scan
controller 22 in the controller 10.

[0150] Then, the Tx control section 30 of the timing gen-
erator 23 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.

[0151] By performing such processing, itbecomes 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.

[0152] It is noted that similar operation as in the second
embodiment is performed on the focus position of an ROT 41
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in the case of the flow frame during the execution of a flow
mode, and a marker 40A is disposed at a similar focus posi-
tion.

[0153] 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 execution 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 same as those of the second embodi-
ment.

Third Embodiment

[0154] FIGS. 22 to 24 relate to a third embodiment of the
present invention, in which F1G. 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 display diagram showing a
state in which an ROI before the display range is enlarged
during the execution of a flow mode is displayed; FIG. 24is 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.

[0155] An ultrasound diagnostic apparatus 1 of the third
embodiment is similarly configured as the ultrasound diag-
nostic apparatus 1 of the first embodiment, but differs in the
control operation of the CPU 5 constituting control means. It
is noted that hereafter, the control operation that differs from
that of the first embodiment will be described.

[0156] In the third embodiment, although the CPU 5 per-
forms control in approximately the same way as in the second
embodiment, when the display region (display range R) dis-
played 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 RO 41 is disposed within the
display region of the ultrasound image.

[0157] 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 F1G. 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.

[0158] 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 corre-
sponding to the display range R are displayed on the monitor
8.

[0159] The CPU 5 executes the program to be executed
after the enlargement of the display range R shownin 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 enlarged display range R' thereaf-
ter moving the process to step S51.

[0160] 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.

[0161] It is noted that since the operation of the routines
from step S52 to step S57 is similar as in the second embodi-
ment, description thereof will be omitted.
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[0162] The CPU 5 determines a display range R' that is
currently executed in the processing of step S58.

[0163] 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.
[0164] Then, the CPU 5 respectively 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, thereafter moving the
process to step S60.

[0165] The operation of the routines from step S60 to step
S64 is similar to that from step S18 to step S22 in the second
embodiment.

[0166] 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 even if the
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 indicating the focus position
is disposed at the approximate center position of the ROI 41
even if the display range is enlarged.

[0167] Thus, even if the operator changes the display range
R, the operator can obtain an easy-to-see ultrasound image
(blood flow image) of an ROT 41.

[0168] Therefore, according to the third embodiment, the
configuration that control is performed to automatically
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) displayed on the monitor 8 is
changed in the ultrasound image during the execution of a
flow mode makes it possible to obtain an easy-to-see ultra-
sound 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.

[0169] By the way, when observation of a subject is per-
formed by using the ultrasound diagnostic apparatus 1, an
ultrasound probe 2 to be connected to the ultrasound diagnos-
tic 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 inconve-
nient.

[0170] 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.

Fourth Embodiment

[0171] FIGS. 25 to 27 relate a fourth embodiment of the
present invention, in which F1G. 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 con-
nected ultrasound probes in the display screen of an ultra-
sound image of a half circle display mode; and FIG. 27 is a
screen display diagram showing a state in which the focus
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position suitable for a connected ultrasound probe is set in the
display screen of an ultrasound image of a full circle display
mode.

[0172] An ultrasound diagnostic apparatus 1 of the fourth
embodiment is similarly configured as the ultrasound diag-
nostic apparatus 1 of the first embodiment, but differs in the
control operation of the CPU § constituting control means,
and in that user setup data is stored in a storage unit 20.
[0173] 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 ultrasound probe 2, etc.
[0174] Then, the CPU 5 reads out the initial setup informa-
tion based on the ultrasound probe 2 to be connected to a
digital beam former 3, and performs the control to change the
focus position based on the read-out initial setup information.
[0175] Other configurations are the same as those of the
first embodiment.

[0176] Next, the action of the ultrasound diagnostic appa-
ratus 1 of the fourth embodiment will be described by using
FIGS. 25 t0 27.

[0177] Now, suppose that the operator has performed the
operation for automatic focusing setup of the ultrasound
image displayed in the monitor 8 by use of the ultrasound
diagnostic apparatus 1 shown in FIG. 1, or has manipulated a
fourth button 35 (for focus presetting) of the keyboard 18
shown in FIG. 4.

[0178] 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.

[0179] 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.

[0180] 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 information stored in the
storage unit 20.

[0181] In this case, the focus position N is represented by
“A” and “A” is assigned to three-stage focus positions, that is,
1, 2, and 3 focus positions, for example, for each kind of the
ultrasound probe 2. Moreover, the CPU 5 acquires the data of
aaccording to 1, 2, and 3 focus positions of “A” from the ini
file of the initial setup information.

[0182] The data of o is, for example, ¥4 when “A” is 1, 12
when “A” is 2, and %% when “A” is 3.

[0183] Itis 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.

[0184] 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.
[0185] In the judgment processing of step S73, the CPU 5
judges whether or not the currently executed display mode is
a full circle display mode in a radial display, and when the
display modeis 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.
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[0186] 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.

[0187] When the CPU 5 judges that the display mode is not
the full circle display mode in the judgment processing 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 focus position Fc at Rxa,
thereafter moving the process to step S77.

[0188] Inthe processing of step S77, the CPU 5 generates a
selection signal that disposes the focus position Fe at Rxa,
and outputs the signal to the timing generator 23 via the scan
controller 22 in the controller 10.

[0189] By making the operation thereafter to be performed
in the same manner as in the first embodiment, the focus
position Fe of the ultrasound image displayed on the monitor
8 is changed.

[0190] 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 subject having a shallow focus
position such as a bronchus and a lymph vessel, etc. with a
small diameter probe.

[0191] Moreover, when the ultrasound probe 2 is for the
purpose of observing the inside of a subject having a rela-
tively deep focus position with a large diameter probe, it
becomes possible to dispose a marker 40F indicating a focus
position in a relatively deep area in the lower part of the
monitor 8.

[0192] 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 possible to dispose a
marker 40M indicating the focus position at a position of V2 of
display range R or in the vicinity thereof as in the first
embodiment.

[0193] Next, when the CPU 5 judges that the display mode
is the full circle display mode in the judgment processing of
step S73, the CPU 5 calculates and sets the focus position Fe
at (Rxa)/2 or in the vicinity thereof by the processing of step
S74, thereafter moving the process to step S75.

[0194] TheCPUS5 generates a selection signal that disposes
the focus position Fe at (Rxa)/2 or in the vicinity thereof in
the processing of step S75, and outputs the signal to the
timing generator 23 viathe scan controller 22 in the controller
10.

[0195] By making the operation thereafter to be performed
in the same manner as in the first embodiment, the focus
position Fc of the ultrasound image displayed on the monitor
8 is changed.

[0196] Therefore, since as a result of performing such pro-
cessing, a full circle display mode is executed by radial scan-
ning, the CPU 5 can dispose any of the marker 40N, the
marker 40M, and the marker 40F (see FIG. 26) according 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.
[0197] 1t is noted that FIG. 27 shows a screen display
examplein 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 ¥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 ultrasound image in the middle of the
focus positions.
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[0198] 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 adigital 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

[0199] 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 embodi-
ment.

[0200] The ultrasound diagnostic apparatus 1 of the fifth
embodiment is similarly configured as the ultrasound diag-
nostic apparatus 1 of the first embodiment, but differs in the
control operation of the CPU 5 constituting control means.
[0201] To be specific, the CPU 5 controls the focus position
ofanultrasound 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.
[0202] It is noted that in this case, an operator performs
toggle operation by using a fourth button 35 of the keyboard
18. The CPU 5 successively sets the focus position of the
ultrasound image displayed on the monitor 8 to be 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.

[0203] 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 way as 1, 2,
3,1,2,3,....

[0204] Theother configurations are the same as those of the
first embodiment.

[0205] Next, the action of the ultrasound diagnostic appa-
ratus 1 of the fifth embodiment will be described with refer-
ence to FI1G. 28.

[0206] Now, suppose that an operator has performed the
operation to perform automatic focusing setup of the ultra-
sound image displayed on the monitor 8 by using the ultra-
sound diagnostic apparatus 1 shown in FIG. 1, or has manipu-
lated the fourth button 35 of the keyboard 18 shown in FIG. 4.
[0207] 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.

[0208] 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.

[0209] Inthe processing of step S82, the CPU 5 determines
and sets the display range R in the currently executed mode,
and moves to the following judgment processing of step S83.
[0210] In the judgment processing of step S83, the CPU 5
judges whether or not the currently executed display mode is
a full circle display mode in a radial display, and when the
display modeis 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.
[0211] In the processing of step S84, the CPU 5 judges
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.
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[0212] Inthe processing of step S85, since in this case, the
display mode is a full circle display mode, the CPU 5 calcu-
lates 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 controller 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 Fe at a far point position to be outputted.
[0213] On the other hand, when the count value N is not 1,
the CPU 5 determines whether or not the count value Nis 2 in
the judgment processing of step S90. When the count value N
1s 2, the CPU 5 moves the process to step S91, and otherwise
moves the process to step S93.

[0214] The CPU 5 calculates and sets the focus position F¢
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 outputs the signalto the
timing generator 23 viathe 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 Fe at a middle point
position to he outputted.

[0215] 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 other-
wise returns the process to step S84.

[0216] Inthe processing of step S94, the CPU 5 calculates
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 viathe scan controller 22 in the controller
10, thereafter moving the process to step S87. It is noted that
performing the processing of step S94 will cause a selection
signal that disposes the focus position Fc at a near point
position to be outputted.

[0217] 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.

[0218] In the processing in step S97, since in this case, the
display mode is a half circle display mode, the CPU 5 calcu-
lates and sets the focus position Fe at R/2 or in the vicinity
thereof then the CPU 5 generates a selection signal that dis-
poses 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 Fcat amiddle
point position to be outputted.

[0219] 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.
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[0220] 1Inthe processing of step S100, the CPU 5 calculates
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 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. Tt is
noted that performing the processing of step S100 causes a
selection signal that disposes the focus position at a near point
position to be outputted.

[0221] 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.

[0222] Inthe processing of step S103, the CPU 5 calculates
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 Fe at a position of 3R/4 or in the vicinity
thereof by the following processing 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 Fe at a far
point position to be outputted.

[0223] Thereafter, the CPU 5 judges whether or not there is
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 returning the process to step S82.

[0224] 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 moni-
tor 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 scan-
ning.

[0225] Therefore, according to the fifth embodiment, the
operator can change the focus position of the ultrasound
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.

[0226] 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.
[0227] Moreover, although in the fifth embodiment,
description has been made on the case in which a B-mode is
executed, the fifth embodiment is of course effective during
the execution of a flow mode.

[0228] 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 with-
out departing from the spirit of the invention.
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What is claimed is:

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

a transducer driving section that can transmit ultrasound

with a predetermined focus position from the ultrasound
transducer;

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

a control section that changes a focus position of the ultra-
sound by controlling the transducer driving section
according to a change result of the display region chang-
ing section.

2. The ultrasound diagnostic apparatus according to claim

1, wherein

the control section changes the focus position of the ultra-
sound image by controlling a transmission timing of
timing adjustment section that adjusts the transmission
timing of the ultrasound in the transducer driving sec-
tion.

3. The ultrasound diagnostic apparatus according to claim
2, further comprising a storage unit that stores transmission
timing information according to a display region to be dis-
played on the monitor in the ultrasound image, wherein

when the display region is changed, the control section
reads out the transmission timing information according
to the display region after change from the storage unit,
and controls the timing adjustment section, thereby
changing the focus position of the ultrasound image
based on the read-out transmission timing information.

4. The ultrasound diagnostic apparatus according to claim
1, 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 radial
scanning of the ultrasound transducer, or a half 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.

5. 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 section causes at least
two markers indicating a focus position of the radially
displayed ultrasound image to be displayed on the
screen of the monitor.
6. The ultrasound diagnostic apparatus according to claim
3, wherein
the control section changes a focus position of an ultra-
sound image of a frame, and a focus position of an
ultrasound image of a flow frame, respectively during
execution of a flow mode.
7. 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 section adjusts the display size ofa
region of interest such that the region of interest is dis-
posed within the display region of the ultrasound image.
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8. The ultrasound diagnostic apparatus according to claim
3, wherein

the storage unit further stores initial setup information of

focus position according to a kind of an ultrasound probe
having the ultrasound transducer, and

the control section reads out the initial setup information

based on the ultrasound probe to be connected to the
ultrasound transmission/reception section and changes
the focus position based on the read-out initial setup
information.

9. The ultrasound diagnostic apparatus according to claim
2, further comprising an operation portion for changing a
focus position of the ultrasound image, wherein

the control section sets the focus position of the ultrasound

image to any of three-stage positions of a near point
position, amiddle point position, and a far point position
based on an operation of the operation portion.

10. The ultrasound diagnostic apparatus according to claim
3, wherein

the storage unit includes information of a delay amount

according to a sequence position of the ultrasound trans-
ducer as the transmission timing information.

11. A method for controlling a focus position of an ultra-
sound diagnostic apparatus that transmits ultrasound 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 ultra-

sound diagnostic apparatus comprises:

changing a display region to be displayed on the monitor in

the ultrasound image; and
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changing the focus position of the ultrasound by control-
ling a transducer driving section that drives the ultra-
sound transducer according to the result of the changing
of the display region.
12. The method for controlling a focus position of an ultra-
sound diagnostic apparatus according to claim 11, wherein
a focus position of the ultrasound image is changed by
controlling the transmission timing of timing adjust-
ment section that adjusts a transmission timing of the
ultrasound in the transducer driving section.
13. The method for controlling a focus position of an ultra-
sound 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 a storage unit that stores transmission
timing information according to a display region to be
displayed on the monitor in the ultrasound image, and
the timing adjustment section is controlled based on the
read-out transmission timing information to change a
focus position of the ultrasound image.
14. The method for controlling a focus position of an ultra-
sound diagnostic apparatus according to claim 11, 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 display in the ultra-
sound image.
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