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(57) ABSTRACT

An ultrasound diagnostic apparatus includes the following. A
deflection controller generates delay time information to
make phases of reception signals input to channels uniform
according to a deflection angle. A channel selector selects a
channel in which the reception signal is turned on or off so
that the phases of the reception signals input to channels are
different and which generates channel selection information.
A reception delay interrupter provides the delay amount to the
reception signal and which turns on or off the reception sig-
nal. An adder adds the plurality of reception signals which are
provided with the delay amount and turned on.
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ULTRASOUND DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound diag-
nostic apparatus.

[0003] 2. Description of Related Art

[0004] With ultrasound diagnosis, it is possible to obtain
with real time display the pulse of the heart or movement of a
fetus by easy operation which is simply placing an ultrasound
probe against a body surface. Moreover, since the examina-
tion is high in safety, the examination can be repeated many
times.

[0005] As the image mode of the ultrasound diagnostic
apparatus, there are a pulse Doppler mode and a continuous
wave Doppler mode. The pulse Doppler mode is a mode
which repeats one cycle of transmission of an ultrasound
wave 1o a subject from an ultrasound probe and reception to
obtain information such as flow rate of blood flow of a target
in a subject. The continuous wave Doppler mode is a mode
which divides and sets each transducer of the ultrasound
probe between those for transmission and those for reception,
and transmits and receives ultrasound from the ultrasound
probe to the subject as necessary to obtain information such as
flow rate of blood flow of a target in a subject.

[0006] Noise may be mixed in an electric reception signal
generated in a reflecting ultrasound (echo) receiver of the
ultrasound diagnostic apparatus. Such noise include electro-
magnetic noise such as, electromagnetic noise due to opera-
tion of an electric circuit inside the apparatus, electromag-
netic noise due to an electromagnetic field outside the
apparatus, and electric noise conducted from commercial
power supply.

[0007] Therefore, there is known an ultrasound diagnostic
apparatus in which a noise cancel range is set in a scanning
direction in which noise of a B (Brightness) mode image is
mixed and a reference signal corresponding to the noise
detected in the noise cancel range cancels the noise included
in the reception signal (see Japanese Patent No. 5459976).
[0008] There is also known an ultrasound diagnostic appa-
ratus which switches the transducer for transmission so that
the heated transducers are not fixed in the continuous wave
Doppler mode (see Japanese Patent Application Laid-Open
Publication No. 2006-223612).

[0009] The noise generated in the pulse Doppler mode in
the conventional ultrasound image diagnostic apparatus is
described with reference to FIG. 9A to FIG. 10. FIG. 9A
shows noise generated when a deflection angle 6 is positive in
the conventional pulse Doppler mode. FIG. 9B shows noise
generated when a deflection angle 6 is 0° in the conventional
pulse Doppler mode. FIG. 9C shows noise generated when a
deflection angle 6 is negative in the conventional pulse Dop-
pler mode. FIG. 10 shows the noise level with respect to the
deflection angle in the conventional pulse Doppler mode.
[0010] As shown in FIG. 9A, in the conventional ultra-
sound diagnostic apparatus, in the pulse Doppler mode, a
Doppler gate (sample volume) is set with an operation input-
ter (not shown) in a position of a target T that the user desires
to measure the blood flow rate in the subject. The deflection
angle 0 is calculated from the position of the Doppler gate.
The deflection angle 0 is an angle between a perpendicular
line of an array direction passing through a central point of the
array direction of a plurality of transducers 2a of the ultra-
sound probe 2 and the line connecting the central point of the
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array direction and the (central point of the) target of the
subject. With the perpendicular line of the array direction as
the standard, the deflection angle in the counter clockwise
direction is to be positive and the angle in the clockwise
direction is to be negative. When the deflection angle 6 is
positive, the ultrasound probe 2 uses the plurality of trans-
ducers 2a to output the transmission ultrasound U according
to the electric transmission signal from a transmission deflec-
tor (not shown), receives an echo C from the target T, and
converts the echo C to a plurality of electric echo signals E1.
The plurality of echo signals E1 have a phase difference
among each other according to a reception distance between
each transducer 24 and the target T. Here, when noise N1 is
mixed as the electromagnetic noise in the ultrasound probe 2,
the phase of each noise N1 is uniform. A reception deflector
424 uses a plurality of reception delay interrupters 424a to
provide delay time to the plurality of echo signals E1 and the
plurality of noises N1 to make the phases of the plurality of
echo signals E1 uniform. Therefore, the phases of the plural-
ity of noises N1 do not become uniform. The length of the
reception delay interrupter 424a in the horizontal direction
shows delay time amount and the broken line represents off.
[0011] Then, the adder 4245 adds a plurality of echo signals
E1 and aplurality of noises N1, and outputs the echo signal E2
and noise N2. Since the phases of the plurality of echo signals
E1 are uniform, the echo signal E2 becomes a signal larger
than the echo signal E1, but since the phases of the plurality of
noises N1 are not uniform, the noise N2 is suppressed more
than the noise N1.

[0012] As shown in FIG. 9B, when the deflection angle 6 is
0° in the pulse Doppler mode, since the reception distance
between each transducer 2a and the target T are the same, the
phases of the plurality of echo signals E1 are uniform. The
reception deflector 424 uses the plurality of reception time
interrupters 424a to provide the same amount of delay time to
the plurality of echo signals E1 and the plurality of noises N1
to maintain the phases of the plurality of echo signals E1
uniform. However, since the phases of the noises N1 are
uniform, the echo signal E2 and the noise N2 added and
output by the adder 4245 become a larger signal than the echo
signal E1 and the noise N1.

[0013] Asshown in FIG. 9C, when the deflection angle 0 is
negative in the pulse Doppler mode, the plurality of echo
signals E1 have a phase difference among each other accord-
ing to a reception distance between each transducer 2 and the
target T. The reception deflector 424 uses the plurality of
reception time interrupters 424q to provide delay time to the
plurality of echo signals E1 and the plurality of noises N1 to
make the phases of the plurality of echo signals E1 uniform.
Therefore, the phases of the plurality of noises N1 do not
become uniform. The echo signhal E2 added and output by the
adder 4245 becomes a larger signal than the echo signal E1,
and similarly. the noise N2 is suppressed more than the noise
N1.

[0014] As shown in FIG. 10, the noise level of the noise N2
withrespect to the deflection angle 8 in the conventional pulse
Doppler mode becomes the peak at 6=0°, and the noise level
becomes higher as the absolute value of the deflection angle 8
becomes smaller.

[0015] Next, the noise generated in the continuous wave
Doppler mode in the conventional ultrasound diagnostic
apparatus is described with reference to FIG. 11A to FIG. 12.
FIG. 11A shows noise generated when a deflection angle 0 is
positive in the conventional continuous wave Doppler mode.
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FIG. 11B shows noise generated when a deflection angle 6 is
0° in the conventional continuous wave Doppler mode. FIG.
11C shows noise generated when a deflection angle 6 is
negative in the conventional continuous wave Doppler mode.
FIG. 12 shows the noise level with respect to the deflection
angle in the conventional continuous wave Doppler mode.
[0016] As shown in FIG. 11A, according to the continuous
wave Doppler mode in a conventional ultrasound diagnostic
apparatus, a user sets with an operation inputter (not shown)
a Doppler cursor (marker) in the direction of the target T that
the user desires to measure the speed of the blood flow in the
subject. The deflection angle 8 is calculated from the direc-
tion of the Doppler cursor (marker). When the deflection
angle 8 is positive, the ultrasound probe 2 outputs a transmis-
sion ultrasound U with the transducer 2a fixed for transmis-
sion (3 transducers on the bottom half) according to the elec-
tric transmission signal from the transmission deflector (not
shown). Then, the ultrasound probe 2 receives the echo C
from the target T with the transducer 2a fixed for reception (3
transducers on the top half), and coverts the echo C to a
plurality of electric echo signals E1. Here, the plurality of
echo signals E1 have a phase difference among each other
according to a reception distance between each transducer 2a
and the target T. Here, when the noise N1 is mixed as the
electromagnetic noise in the ultrasound probe 2, the phases of
the noises N1 are uniform. The reception deflector 424 uses
the plurality of reception delay interrupters 424a fixed for
reception to provide delay time to the plurality of echo signals
E1 and the plurality of noises N1 to make the phases of the
plurality of echo signals E1 uniform. Therefore, the phases of
the plurality of noises N1 are not uniform.

[0017] The adder 4245 adds the plurality of echo signals
E1, adds the plurality of noises N1, and outputs the echo
signal E2 and noise N2. Since the phases of the plurality of
echo signals E1 are uniform, the echo signal E2 is a larger
signal than the echo signal E1. However, since the phases of
the plurality of noises N1 are not uniform, the noise N2 is
suppressed more than the noise N1.

[0018] As shown in FIG. 11B, when the deflection angle 6
is 0° in the continuous wave Doppler mode, since the recep-
tion distance between each transducer 2a and the target T are
different, there is a phase difference among the plurality of
echo signals E1. The reception deflector 424 uses the plurality
of reception delay interrupters 424a to provide delay time to
the plurality of echo signals E1 and the plurality of noises N1
to make the phases of the plurality of echo signals E1 uniform.
Therefore, the phases of the plurality of noises N1 are not
uniform. The echo signal E2 added and output by the adder
424b becomes a signal larger than the echo signal E1 and the
noise N2 is suppressed more than the noise N1.

[0019] As shown in FIG. 11C, when the deflection angle 6
is negative in the continuous wave Doppler mode, since the
reception distance between each transducer 2a and the target
T is the same, the phases of the plurality ofecho signal E1 are
uniform. The reception deflector 424 uses the plurality of
reception delay interrupters 424a to provide delay time to the
plurality of echo signals E1 and the plurality of noises N1 to
make the phases of the plurality of echo signals E1 uniform.
However, since the phases of the noises N1 are not uniform,
the echo signal E2 and the noise N2 added and output by the
adder 4245 become a signal larger than the echo signal E1 and
the noise N1.

[0020] As shown in FIG. 12, the noise level of the noise N2
with respect to the deflection angle 8 in the conventional
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continuous wave Doppler mode is shown with a solid line
curve when the plurality of transducers 2a on the top half are
fixed for reception, and with a broken line curve when the
plurality of transducers 2a on the bottom half are fixed for
reception. The solid line curve reaches a peak when the
deflection angle 0 is a predetermined negative value (the
progressing direction of the echo C from the target T is the
deflection angle parallel to the line perpendicular to the array
direction), and as the absolute value of the difference between
the deflection angle 8 and the predetermined value becomes
small, the noise level becomes high. The broken line curve
reaches a peak when the deflection angle 8 is a predetermined
positive value (the progressing direction of the echo C from
the target T is the deflection angle parallel to the line perpen-
dicular to the array direction), and as the absolute value of the
difference between the deflection angle 6 and the predeter-
mined value becomes small, the noise level becomes high.
[0021] The ultrasound diagnostic apparatus including the
pulse Doppler mode and the continuous wave Doppler mode
have high sensitivity to receive fine echo signals. However, as
described above, since there is a deflection angle 6 in which
the noise level of the noise N2 becomes high, the apparatus
has high sensitivity for the noise N2 in such deflection angle
0. Therefore, SN (Signal to Noise) ratio becomes low and
there is a possibility that the accurate blood flow signal cannot
be received.

[0022] According to the ultrasound diagnostic apparatus
described in Japanese Patent Application Laid-Open Publi-
cation No. 2006-223612, it is not possible to improve the state
of the SN ratio being low in the predetermined deflection
angle 6 in the pulse Doppler mode and the continuous wave
Doppler mode. According to the ultrasound diagnostic appa-
ratus described in Japanese Patent No. 549976, a circuit to
detect noise is necessary. Components such as a shield, etc.
become a reason for the apparatus to become larger, heavier,
and more expensive, and the steps for manufacturing to
increase. Therefore, there is a demand to suppress the number
of physical components and to easily reduce image noise of
the ultrasound image for the purpose of making the ultra-
sound diagnostic apparatus smaller, lighter, cheaper, and to
reduce the steps for manufacturing.

BRIEF SUMMARY OF THE INVENTION

[0023] The present invention has been made in consider-
ation of the above problems, and one of the main objects is to
suppress the number of physical components while enhanc-
ing a SN ratio in an echo signal at a predetermined deflection
angle 6.

[0024] In order to achieve at least one of the above-de-
scribed objects, according to an aspect of the present inven-
tion, there is provided an ultrasound diagnostic apparatus
which transmits and receives ultrasound from an ultrasound
probe including a plurality of transducers to obtain informa-
tion of a subject, the apparatus including:

[0025] a deflection controller which generates delay time
information of delay amount to make phases of a plurality of
reception signals input to each of a plurality of channels
including the plurality of transducers uniform according to a
deflection angle which is an angle between a perpendicular
line of an array direction of the plurality of transducers, the
line passing through a central point of the array direction and
a line connecting the central point and a target of the subject;
[0026] a channel selector which selects according to the
deflection angle a channel in which the reception signal of
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each channel is turned on or off so that the phases of the
reception signals of each channel input to the plurality of
channels are different and which generates channel selection
information;

[0027] a reception delay interrupter which provides the
delay amount to the reception signal of each channel accord-
ing to the generated delay time information and which turns
on or off the reception signal of each channel according to the
generated channel selection information; and

[0028] an adder which adds the plurality of reception sig-
nals which are provided with the delay amount and turned on.
[0029] Preferably, in the ultrasound diagnostic apparatus,
transmission of a transmission signal transmitted to the ultra-
sound probe and reception of the reception signal configure
one cycle, and the cycle is repeated.

[0030] Preferably, in the ultrasound diagnostic apparatus,
the channel selector generates channel selection information
to turn off the channel corresponding to the at least one
transducer from one end of the array direction toward an inner
side among the plurality of transducers.

[0031] Preferably, in the ultrasound diagnostic apparatus,
[0032] the transmission of the transmission signal transmit-
ted to the ultrasound probe and the reception of the reception
signal are performed parallel simultaneously; and

[0033] the channel selector turns off the channel corre-
sponding to the transmission signal generating the channel
selection information turning on the channel other than the
channel turned off.

[0034] Preferably, the ultrasound diagnostic apparatus fur-
ther includes,
[0035] a storage which stores a table corresponding an

image mode of ultrasound, a deflection angle, and an opera-
tion state of the reception delay interrupter corresponding to
the delay time information and the channel selection infor-
mation,

[0036]

[0037] the deflection controller obtains from the table an
operation state according to the image mode and the deflec-
tion angle input by operation, and generates the delay time
information based on the deflection angle and the obtained
operation state; and

[0038] the channel selector obtains from the table an opera-
tion state according to the image mode and the deflection
angle input by operation, and generates the channel selection
information based on the obtained operation state.

[0039] According to another aspect of the present inven-
tion, there is provided an ultrasound diagnostic apparatus
which transmits and receives ultrasound from an ultrasound
probe including a plurality of transducers to obtain informa-
tion of a subject, the apparatus including:

[0040] a deflection controller which generates delay time
information of delay amount to make phases of a plurality of
reception signals input to each of a plurality of channels
including the plurality of transducers uniform according to an
acoustic line angle between a perpendicular line of an array
direction of the plurality of transducers, the line passing
through a central point of a reception opening of the plurality
of transducers; and a line connecting a central point of the
reception opening and a target of the subject;

[0041] a channel selector which selects according to the
acoustic line angle a channel in which the reception signal of
each channel is turned on or off so that the phases of the

wherein,
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reception signals of each channel input to the plurality of
channels are different and which generates channel selection
information;

[0042] a reception delay interrupter which provides the
delay amount to the reception signal of each channel accord-
ing to the generated delay time information and which turns
on or off the reception signal of each channel according to the
generated channel selection information; and

[0043] an adder which adds the plurality of reception sig-
nals which are provided with the delay amount and turned on.
[0044] According to another aspect of the present inven-
tion, there is provided an ultrasound diagnostic apparatus
which transmits and receives ultrasound from an ultrasound
probe including a plurality of transducers to obtain informa-
tion of a subject, the apparatus including:

[0045] a deflection controller which generates delay time
information of a plurality of reception signals input to a
plurality of channels from the plurality of transducers; and
[0046] a channel selector which controls on or off of the
plurality of channels so that some of the plurality of transduc-
ers are selected as transmission transducers and transmit
ultrasound from the transmission transducers, and some of
the transducers other than the transmission transducers are
selected as reception transducers and receive ultrasound with
the reception transducers,

[0047] wherein, when a position of a target of the subject is
set to a side of the reception transducer, the channel selector
switches the transmission transducer to the reception trans-
ducer and the reception transducer to the transmission trans-
ducer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The present invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings, and thus are not intended to
define the limits of the present invention, and wherein,
[0049] FIG. 1 is a diagram showing an exterior configura-
tion of an ultrasound diagnostic apparatus;

[0050] FIG. 2 is a block diagram showing an outline con-
figuration of the ultrasound diagnostic apparatus;

[0051] FIG. 3 is a block diagram showing a functional
configuration of a transmitter/receiver;

[0052] FIG. 4A is a diagram showing a first state of a
transmitter/receiver when deflection angle 8<0° in a pulse
Doppler mode of the present embodiment;

[0053] FIG. 4B is a diagram showing a second state of a
transmittet/receiver when deflection angle 6<0° in the pulse
Doppler mode of the present embodiment;

[0054] FIG. 4C is a diagram showing a third state of a
transmitter/receiver when deflection angle 0=0° in the pulse
Doppler mode of the present embodiment;

[0055] FIG. 4D is a diagram showing a fourth state of a
transmitter/receiver when deflection angle 6>0° in the pulse
Doppler mode of the present embodiment;

[0056] FIG. 5 is a diagram showing a noise level with
respect to a deflection angle in the pulse Doppler mode ofthe
present embodiment;

[0057] FIG. 6 is a diagram showing switching a channel in
transmission and reception of a transmitter/receiver in a con-
tinuous wave Doppler mode of the present embodiment;
[0058] FIG. 7A is a diagram showing a fifth state of a
transmitter/receiver when deflection angle 6>0° in the con-
tinuous wave Doppler mode of the present embodiment;
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[0059] FIG. 7B is a diagram showing a sixth state of a
transmitter/receiver when deflection angle 6=0° in the con-
tinuous wave Doppler mode of the present embodiment;
[0060] FIG. 7C is a diagram showing a seventh state of a
transmitter/receiver when deflection angle 6<0° in the con-
tinuous wave Doppler mode of the present embodiment;
[0061] FIG. 8 is a diagram showing a noise level with
respect to the deflection angle in the continuous wave Dop-
pler mode of the present embodiment;

[0062] FIG. 9A is a diagram showing noise generation
when the deflection angle 8 is positive in the conventional
pulse Doppler mode;

[0063] FIG. 9B is a diagram showing noise generation
when the deflection angle 0 is 0° in the conventional pulse
Doppler mode;

[0064] FIG. 9C is a diagram showing noise generation
when the deflection angle 6 is negative in the conventional
pulse Doppler mode;

[0065] FIG. 10 is a diagram showing a noise level with
respect to the deflection angle in the conventional pulse Dop-
pler mode;

[0066] FIG. 11A is a diagram showing noise generation
when the deflection angle 8 is positive in the conventional
continuous wave Doppler mode;

[0067] FIG. 11B is a diagram showing noise generation
when the deflection angle 0 is 0° in the conventional continu-
ous wave Doppler mode;

[0068] FIG. 11C is a diagram showing noise generation
when the deflection angle 6 is negative in the conventional
continuous wave Doppler mode; and

[0069] FIG. 12 is a diagram showing noise level with
respect to the deflection angle in the conventional continuous
wave Doppler mode.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0070] The ultrasound image diagnostic apparatus of the
embodiments of the present invention is described with ref-
erence to the drawings. However, the scope of the invention is
not limited to the illustrated examples. In the description
below, the same reference numerals are applied to the same
functions and configurations, and the description is omitted.
[0071] FIG. 1is a diagram showing an exterior configura-
tion of an ultrasound image diagnostic apparatus S of the
present embodiment. FIG. 2 is a block diagram showing an
outline configuration of the ultrasound image diagnostic
apparatus S. As shown in FIG. 1 and FIG. 2, the ultrasound
image diagnostic apparatus S of the present embodiment
includes an ultrasound image diagnostic apparatus main body
1 and an ultrasound probe 2. The ultrasound probe 2 transmits
ultrasound (transmission ultrasound) to a subject such as a
live body (not shown) and receives a reflected wave (reflected
ultrasound: echo) of the ultrasound reflected on the subject.
The ultrasound diagnostic apparatus main body 1 is con-
nected to the ultrasound probe 2 through the cable 3. The
ultrasound diagnostic apparatus main body 1 transmits an
electric driving signal to the ultrasound probe 2 so that the
ultrasound probe 2 transmits the echo to the subject and
images as an ultrasound image an internal state of the subject
based on a reception signal which is an electric signal gener-
ated in the ultrasound probe 2 according to the reflected
ultrasound from the subject received in the ultrasound probe.
The ultrasound image diagnostic apparatus main body 1 and
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the ultrasound probe 2 can also be connected by wireless
communication means such as radio waves, infrared rays, etc.
[0072] Theultrasound image diagnostic apparatus S is able
to set at least between a pulse Doppler mode and a continuous
wave Doppler mode to obtain information of blood flow of a
subject.

[0073] For example, the ultrasound probe 2 includes a
backing layer, a piezoelectric layer, an acoustic matching
layer, an acoustic lens, and the like in a layered state. The
piezoelectric layer includes a transducer 2a as an electric
acoustic converting element including a piezoelectric ele-
ment. For example, a plurality of transducers 2a are arrayed in
a one-dimensional array. According to the present embodi-
ment, for example, an ultrasound probe 2 including 192 trans-
ducers 2a is used. The transducers 2¢ may be arrayed in a
two-dimensional array. The number of transducers 2a can be
set freely. According to the embodiment of the present inven-
tion, any type of ultrasound probe 2 can be used, such as a
linear scanning type, a sector scanning type or a convex
scanning type.

[0074] As shown in FIG. 2, for example, the ultrasound
image diagnostic apparatus main body 1 includes an opera-
tion inputter 11, a transmitter/receiver 12, a storage 13, an
image generator 14, a DSC (Digital Scan Converter) 16, a
display 17, and a controller 18.

[0075] For example, the operation inputter 11 includes
various switches, buttons, trackball, mouse, keyboard, etc. to
input a command to instruct start of diagnosis, data such as
personal information of the subject, and the like, and outputs
an operation signal to the controller 18. The operation input-
ter 11 receives input such as mode setting information of the
pulse Doppler mode and the continuous wave Doppler mode,
setting of a Doppler gate in the pulse Doppler mode, and
setting of a Doppler cursor (marker) in the continuous wave
Doppler mode. A deflection angle 8 is calculated in the con-
troller 18 corresponding to the position and direction of the
Doppler gate and the Doppler cursor (marker). The operator is
able to directly input information of the deflection angle 0 on
the operation inputter 11.

[0076] The transmitter/receiver 12 is a circuit which sup-
plies a transmission signal as the electric driving signal to the
ultrasound probe 2 through the cable 3 to generate the trans-
mission ultrasound in the ultrasound probe 2, receives an
electric reception signal through the cable 3 from the ultra-
sound probe 2 which received the echo, and calculates the
information such as flow rate of the blood flow according to
the control of the controller 18. According to the control of the
controller 18, in the pulse Doppler mode, the transmitter/
receiver 12 sets the transducer 2a to which the transmission
signal is supplied and delay time according to the deflection
angle 6, supplies the transmission signal to the set transducer
2a provided with the set delay time, sets the transducer 2a
from which the reception signal is obtained and the delay time
according to the deflection angle 8, and receives the reception
signal from the set transducer 2a and provides the delay time.
The above set of transmission and reception is repeated.
[0077] According to control of the controller 18, in the
continuous wave Doppler mode, the transmitter/receiver 12
sets the transducer 2a supplied with the transmission signal
and the delay time according to the deflection angle 8, and
supplies the transmission signal to the set transducer 2a pro-
vided with the set delay time. Together with the above trans-
mission, the transmitter/receiver 12 sets the transducer 2a
from which the reception signal is received and the delay time
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according to the deflection angle 8, and receives the reception
signal from the set transducer 2a and provides the delay time.
As described above, the transducer 2a to which the transmis-
sion signal is supplied and the transducer 2a from which the
reception signal is obtained are different.

[0078] The storage 13 includes a flash memory, EEPROM
(Electrically Erasable Programmable Read Only Memory)
and stores various information.

[0079] The image generator 14 generates image data of a
graph screen making the information such as flow rate of the
blood flow of the reception signal from the transmitter/re-
ceiver 12 to a graph. The image data of the graph screen
generated in the image generator 14 is output to the DSC 16.
[0080] The DSC 16 convertsimage data of the graph screen
received from the image generator 14 to an image signal in a
scanning format of a television signal and outputs the signal
to the display 17.

[0081] Thedisplay 17 canbe display apparatuses such as a
LCD (Liquid Crystal Display), a CRT (Cathode-Ray Tube)
display, an organic EL (Electronic Luminescence) display, an
inorganic EL display, plasma display, and the like. The dis-
play 17 displays the image of the graph screen on the display
screen according to the image signal output from the DSC 16.
[0082] For example, the controller 18 includes, a CPU
(Central Processing Unit), a ROM (Read Only Memory), and
a RAM (Random Access Memory). The controller 18 reads
various processing programs such as a system program stored
in the ROM, develops the program in the RAM and centrally
controls the operation of each function of the ultrasound
image diagnostic apparatus S according to the developed
program. The ROM includes a nonvolatile memory such as a
semiconductor, and stores a system program to handle the
ultrasound image diagnostic apparatus S, various processing
programs which can be executed on the system program, and
various types of data. Such programs are stored in a form of a
computer readable program code, and the CPU performs
operation according to the program code. The RAM forms a
work area which temporarily stores various programs per-
formed by the CPU and data regarding such programs.
[0083] Next, the configuration of the transmitter/receiver
12 is described with reference to FIG. 3. FIG. 3 is a block
diagram showing a functional configuration of the transmit-
ter/receiver 12.

[0084] As shown in FIG. 3, the transmitter/receiver 12
includes a deflection controller 121, a channel selector 122, a
transmission deflector 123, a reception deflector 124, and a
signal processor 125.

[0085] To simplify explanation, the ultrasound probe 2 con-
nected to the transmitter/receiver 12 through the cable 3
includes 6 transducers 2a, and each corresponds to the fol-
lowing channels of the transmitter/receiver 12, channels
CHO, CH1, CH2, CH3, CH4, and CH5. However, the number
of transducers 2a and the number of channels of the transmit-
ter/receiver 12 are not limited to the above.

[0086] The deflection controller 121 generates delay time
information of each channel for transmission and reception
according to the mode setting information and information of
the deflection angle 8 corresponding to the position of the
Doppler gate and the direction of the Doppler cursor (marker)
input from the controller 18. The deflection controller 121
outputs the delay time information for the transmission chan-
nels to a transmission delay interrupter 123a of each channel
of the transmission deflector 123. The deflection controller
121 outputs the delay time information for the reception

Jul. 14,2016

channels to areception delay interrupter 124a of each channel
of the reception deflector 124. The delay time information for
each transmission channel is the delay time amount so that the
transmission ultrasound output from the transducer 2a of
each channel reaches the target at the same time. The delay
time information of each reception channel is different
depending on whether the state is the first to seventh state
which depends on whether the mode is the pulse Doppler
mode or the continuous wave Doppler mode and the deflec-
tion angle 8, and therefore this is described in detail later.
[0087] The channel selector 122 selects the transmission
and reception channels to be turned on or off and generates
channel selection information according to the mode setting
information and the information regarding the deflection
angle 8 input from the controller 18. The channel selector 122
outputs channel selection information for the transmission
channels to the transmission delay interrupter 123a of each
channel of the transmission deflector 123. The channel selec-
tor 122 outputs channel selection information for the recep-
tion channels to the reception delay interrupter 124 of each
channel of the reception deflector 124. The channel selection
information of the transmission and reception channels in the
pulse Doppler mode shows at least one of the channels is to be
turned off. The channel selection information of the transmis-
sion channel in the continuous wave Doppler mode shows at
least one channel is to be turned off, and the channel selection
information of the reception channel in the continuous wave
Doppler mode shows that the transmission channel turned off
is to be turned on. Alternatively, in the continuous wave
Doppler mode, at least one of the same channels for trans-
mission and reception can be turned off.

[0088] The transmission deflector 123 generates the trans-
mission signal from a transmission standard time signal input
from the controller 18 and outputs the transmission signal to
the transducer 2a of the ultrasound probe 2. The transmission
deflector 123 includes a transmission delay interrupter 123a
for each channel. The transmission delay interrupter 123a for
each channel provides delay to the transmission standard time
signal input from the controller 18 according to the delay time
information Td0 to Td5 for each transmission channel input
from the deflection controller 121, switches the on and off of
the transmission standard time signal according to channel
selection information Ta0 to Ta5 for each transmission chan-
nel input from the channel selector 122, and outputs the above
as the transmission signal to the transducer 2a of each chan-
nel.

[0089] The reception deflector 124 provides delay and on
or off to the reception signal input from the transducer 2a of
the ultrasound probe 2 and adds the above. The reception
deflector 124 includes a reception delay interrupter 1244 for
each channel and an adder 1245. The reception delay inter-
rupter 124a for each channel provides delay to the reception
signal input from the transducer 2a of each channel according
to the delay time information Rd0 to Rd5 for each reception
channel input from the deflection controller 121, switches the
on and off of the reception signal according to the channel
selection information Ra0 to Ra5 of each transmission chan-
nel input from the channel selector 122, and outputs the above
to the adder 1244.

[0090] Theadder 1245 adds the reception signal input from
the reception delay interrupter 124a of all channels. The
signal process 125 uses the transmission reference time signal
input from the controller 18 to calculate the information such
as the flow rate of the blood flow by Fourier conversion from
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the added reception signal input from the adder 1245 and
outputs the result to the image generator 14.

[0091] Next, the operation of the transmitter/receiver 12 of
the ultrasound image diagnostic apparatus S in the pulse
Doppler mode is described with reference to FIG. 4A to FIG.
5.FIG. 4A is a diagram showing a first state of the transmitter/
receiver 12 when the deflection angle 6<0° in the pulse Dop-
pler mode of the present embodiment. FIG. 4B is a diagram
showing a second state of the transmitter/receiver 12 when the
defection angle 8<0° in the pulse Doppler mode of the present
embodiment. FIG.4C is a diagram showing a third state of the
transmitter/receiver 12 when the deflection angle 620° in the
pulse Doppler mode of the present embodiment. FIG. 4D is a
diagram showing a fourth state of the transmitter/receiver 12
when the deflection angle 6>0° in the pulse Doppler mode of
the present embodiment. FIG. § is a diagram showing a noise
level with respect to the deflection angle in the pulse Doppler
mode of the present embodiment.

[0092] In the ultrasound image diagnostic apparatus S, in
the pulse Doppler mode, the user inputs the mode setting
information of the pulse Doppler mode and the deflection
angle 8 with the operation inputter 11. As shown in FIG. 4A,
the operation state of the transmitter/receiver 12 when the
deflection angle 6<0° (the deflection angle 8 is negative and
notnear 0°) is to be the first state. In the first state and the later
described second to fourth state, the transmission deflector
123 provides the delay time amount according to the delay
time information from the deflection controller 121 and the
on or off according to the channel selection information from
the channel selector 122 to the transmission reference time
signal input from the controller 18, and outputs the above as
the transmission signal ofeach channel to the transducer 2a of
each channel. In the first state, the transmission signal of the
channels CHO and CH1 is turned off by the transmission
deflector 123.

[0093] The ultrasound probe 2 outputs transmission ultra-
sound U according to the transmission signal of each channel
with the plurality of transducers 2a, receives the echo C from
the target T, and converts the echo C to a plurality of echo
signals E1 as the electric reception signal for each channel.
There is a phase difference among the plurality of echo sig-
nals E1 according to the reception distance between each
transducer 2a and the target T. Here, when noise N1 as the
electromagnetic noise is mixed in the ultrasound probe 2, the
phases of the noises N1 are uniform. The reception deflector
124 provides delay time amount according to the delay time
information from the deflection controller 121 and the on or
off according to the channel selection information from the
channel selector 122 to the reception signal input from each
transducer 2a, and makes the phases of the echo signals E1
uniform. Therefore, the phases of the plurality of noises N1
are not uniform. The delay time amount in the reception delay
interrupter 124a of the channels CH2, CH3, CH4, and CHS
becomes smaller in order. The length of the reception delay
interrupter 124a in the horizontal direction shows the delay
time and the broken line represents off.

[0094] Then, the adder 1245 adds the reception signal of
each channel, and outputs the echo signal E2 and the noise N2
as the added transmission signal. The plurality of echo signals
E1 and the plurality of noises N1 are added to output the echo
signal E2 and the noise N2. Since the phases of the plurality
of echo signals E1 are uniform, the echo signal E2 becomes a
signal larger than the echo signal E1. Since the phases of the

Jul. 14,2016

plurality of noises N1 are not uniform, the noise N2 is sup-
pressed more than the noise N1.

[0095] As shown in FIG. 4B, the operation state of the
transmitter/receiver 12 when the deflection angle 0<0° (the
deflection angle 8 is 0° or less and near 0°) is to be the second
state. The second state is similar to the first state, but the delay
time amount of the reception delay interrupter 124a of the
channels CH2, CH3, CH4, and CHS5 is smaller than the first
state. In the second state also, the echo signal E2 becomes a
larger signal, but the noise N2 is suppressed. Since the recep-
tion delay interrupter 124a of the channels CHO and CH1 are
turned off, the noise N2 does not become large when the
deflection angle 8=0° as in FIG. 9B.

[0096] As shown in FIG. 4C, the operation state of the
transmitter/receiver 12 when the deflection angle 8=0° (the
deflection angle 6 is 0° or more and near 0°) is to be the third
state. In the third state, the transmission deflector 123 pro-
vides a delay time amount according to the delay time infor-
mation from the deflection controller 121 and the on or off
according to the channel selection information from the chan-
nel selector 122 to the transmission reference time signal
input from the controller 18, and outputs the above to the
transducer 2a of each channel as the transmission signal of
each channel. The transmission signals of the channels CH4
and CHS are turned off.

[0097] The ultrasound probe 2 uses the plurality of trans-
ducers 2a to output the transmission ultrasound U according
to the transmission signal of each channel, receives the echo
C from the target T, and converts the echo C to the plurality of
echo signals E1 as the electric reception signal of each chan-
nel. There is a phase difference among the plurality of echo
signals E1 according to the reception distance between each
transducer 2a and the target T. Here, when the noise N1 as the
electromagnetic noise is mixed in the ultrasound probe 2, the
phases of the noises N1 are uniform. The reception deflector
124 provides the delay time amount according to the delay
time information from the deflection controller 121 and the
on or off according to the channel selection information from
the channel selector 122 to the reception signal input from
each transducer 2a, and makes the phases of the echo signals
E1 uniform. Therefore, the phases of the plurality of noises
N1 are not uniform. The delay time amount in the reception
delay interrupter 124a of the channels CH0, CH1, CH2, and
CH3 become larger in order.

[0098] Then, the adder 1245 adds the reception signal of
each channel and outputs the echo signal E2 and the noise N2
as the added transmission signal. The plurality of echo signals
E1 and the plurality of noises N1 are added to output the echo
signal B2 and the noise N2. Since the phases of the plurality
of echo signals E1 are uniform, the echo signal E2 is a signal
larger than the echo signal E1. Since the phases of the plural-
ity of noises N1 are not uniform, the noise N2 is suppressed
more than the noise N1. Since the reception delay interrupter
124a of the channels CH4 and CHS5 are turned off, the noise
N2 does not become large when the deflection angle 6=0° as
in FIG. 9B.

[0099] As shown in FIG. 4D, the operation state of the
transmitter/receiver 12 when the deflection angle 0>0° (the
deflection angle 6 is 0° or more and not near 0°) is to be the
fourth state. The fourth state is similar to the third state, but
the delay time amount of the reception delay interrupter 124a
of the channels CH0, CH1, CH2, and CH3 is larger than the
third state. In the fourth state also, the echo signal E2 becomes
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a signal larger than the echo signal E1, but the noise N2 is
suppressed more than the noise N1.

[0100] As shown in FIG. 5, the noise level of the noise N2
with respect to the deflection angle 6 in the pulse Doppler
mode of the present embodiment is reduced by switching the
operation state. The alternate long and short dash line shown
in FIG. 5 is a curve of a noise level when the deflection angle
0 is changed in the fourth state. The peak of the curve in the
long and short dash line is when the deflection angle 0 is a
negative predetermined value. The broken line shown in FIG.
5 is a curve of a noise level when the deflection angle 6 is
changed in the first state. The peak of the curve in the broken
line is when the deflection angle 0 is a positive predetermined
value.

[0101] Therefore, the deflection controller 121 and the
channel selector 122 control so that the first state is achieved
when the deflection angle 6<0°, the second state is achieved
when the deflection angle 8<0°, the third state is achieved
when the deflection angle 0=0°, and the fourth state is
achieved when the deflection angle >0°. The control is pet-
formed to achieve the second or third state when the deflec-
tion angle 8=0°. According to such control of the operation
state, the noise level of the noise N2 is shown with the solid
line curve in FIG. 5. Therefore, the noise level of the noise N2
is reduced with the control of the operation state shown with
the solid line curve compared to the control of the operation
state shown with the long and short dash line or the broken
line.

[0102] The present embodiment is described from a differ-
ent point of view.

[0103] In FIG. 4A and FIG. 4B, the channels CH2, CH3,
CH4, and CHS5 are selected in the transducer 2a and these
channels are set as the opening of the ultrasound transmission
and reception. The state of the noise changes depending on
the angle (acoustic line angle) between a perpendicular line
passing through a central point of the opening and a line
connecting the central point of the opening and the target T.
[0104] As described in FIG. 5, the noise level reaches the
peak when the perpendicular line passing through the central
point of the opening and the target T are on the same line.
[0105] Therefore, if there is a certain angle between the
perpendicular line passing through the central point of the
opening and the target T, the phase of the noise of each
channel is shifted, and therefore the noise is suppressed.
[0106] Turning to FIG. 4C and FIG. 4D, when the opening
is set by the channels CH0, CH1, CH2, and CH3, the noise
can be similarly suppressed if there is a certain angle between
the perpendicular line of the central point of the opening and
the angle of the target T.

[0107] Next, the operation of the transmitter/receiver 12 in
the ultrasound image diagnostic apparatus S in the continuous
wave Doppler mode is described with reference to FIG. 6 to
FIG. 8. FIG. 6 isa diagram showing switching of the channels
in transmission and reception of the transmitter/receiver 12 in
the continuous wave Doppler mode of the present embodi-
ment. FIG. 7A is a diagram showing a fifth state of the
transmitter/receiver 12 when the deflection angle 6>0° in the
continuous wave Doppler mode of the present embodiment.
FIG. 7B is a diagram showing a sixth state of the transmitter/
receiver 12 when the deflection angle 6=0° in the continuous
wave Doppler mode of the present embodiment. FIG. 7Cis a
diagram showing a seventh state of the transmitter/receiver 12
when the deflection angle 6<0° in the continuous wave Dop-
pler mode of the present embodiment. FIG. 8 is a diagram
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showing noise level with respect to the deflection angle in the
continuous wave Doppler mode of the present embodiment.

[0108] Asshownin FIG. 6, in the continuous wave Doppler
mode of the present embodiment. the channel of the reception
deflector 124 (transmission deflector 123) is switched
between 2 patterns according to the deflection angle 6. Spe-
cifically, when the deflection angle 620°, the transmission
channels of the transmission deflector 123 are set to the chan-
nels CH3, CH4, and CHS (bold dotted line in FIG. 6), and the
reception channels of the reception deflector 124 are set to the
channels CH0, CH1, and CH2 which are the channels other
than the channels CH3,CH4, and CHS (bold solid line in FIG.
6). When the deflection angle 6<0°, the transmission channels
of the transmission deflector 123 are set to the channels CHO,
CH1, and CH2 (thin dotted line in FIG. 6), and the reception
channels of the reception deflector 124 are set to the channels
CH3, CH4, and CHS which are the channels other than the
channels CHO, CH1. and CH2 (thin solid line in FIG. 6).

[0109] In the continuous wave Doppler mode of the ultra-
sound image diagnostic apparatus S, the user inputs the mode
setting information of the continuous wave Doppler mode,
and the position and the direction of the Doppler cursor
(marker) with the operation inputter 11, and based on the
above, the controller 18 calculates the deflection angle 8. As
shown in FIG. 7A, the operation state of the transmitter/
receiver 12 when the deflection angle 8>0° is to be the fifth
state. In the fifth state, the transmission deflector 123 provides
the delay time amount according to the delay time informa-
tion from the deflection controller 121 and the on or off
according to the channel selection information from the chan-
nel selector 122 to the transmission reference time signal
input from the controller 18, and outputs the above to the
transducer 2a of each channel as the transmission signal of
each channel. The transmission signals of the channels CHO,
CH1, and CH2 are turned off.

[0110] The ultrasound probe 2 uses the plurality of trans-
ducers 2a to output the transmission ultrasound U according
to the transmission signal of each channel, receives the echo
C from the target T, and converts the echo C to the plurality of
echo signals E1 as the electric reception signal of each chan-
nel. There is a phase difference among the plurality of echo
signals F1 according to the distance between each transducer
2a and the target T. Here, when the noise N1 as the electro-
magnetic noise is mixed in the ultrasound probe 2, the phases
of the noises N1 are uniform. The reception deflector 124
provides the delay time amount according to the delay time
information from the deflection controller 121 and the on or
off according to the channel selection information from the
channel selector 122 to the reception signal input from the
controller 18 and makes the phases of the echo signals E1
uniform. Therefore, the phases of the plurality of noises N1
are not uniform. The delay time amount in the reception delay
interrupter 124a of the channels CHO, CHI1, and CH2
becomes larger in order.

[0111] Then, the adder 1245 adds the reception signal of
each channel and outputs the echo signal E2 and the noise N2
as the added transmission signal. The plurality of echo signals
E1 and the plurality of noises N1 are added to output the echo
signal E2 and the noise N2. Since the phases of the plurality
of echo signals E1 are uniform, the echo signal E2 becomes a
signal larger than the echo signal 1. Since the phases of the
plurality of noises N1 are not uniform, the noise N2 is sup-
pressed more than the noise N1.
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[0112] As shown in FIG. 7B, the operation state of the
transmitter/receiver 12 when the deflection angle 6=0° is to
be the sixth state. The sixth state is similar to the fifth state, but
the delay time amount of the reception delay interrupter 1244
of the channels CHO, CH1, and CH2 is smaller than the fifth
state. In the sixth state also, the echo signal E2 becomes a
signal larger than the echo signal F1, but the noise N2 is
suppressed more than the noise N1.

[0113] As shown in FIG. 7C, the operation state of the
transmitter/receiver 12 when the deflection angle 6<0° is to
be the seventh state. In the seventh state, the transmission
deflector 123 provides the delay time amount according to the
delay time information from the deflection controller 121 and
the on or off according to the channel selection information
from the channel selector 122 to the transmission reference
time signal input from the controller 18, and outputs theabove
to the transducer 2a of each channel as the transmission signal
of each channel. The transmission signal of the channels
CH3, CH4 and CHS5 are turned off.

[0114] The ultrasound probe 2 uses the plurality of trans-
ducers 2a to output the transmission ultrasound U according
to the transmission signal of each channel, receives the echo
C from the target T, and converts the echo C to a plurality of
echo signals E1 as the electric reception signal of each chan-
nel. There is a phase difference among the plurality of echo
signals E1 according to the reception distance between each
transducer 2a and the target T. Here, when the noise N1 as the
electromagnetic noise is mixed in the ultrasound probe 2, the
phases of the noises N1 are uniform. The reception deflector
124 provides the delay time amount according to the delay
time information from the deflection controller 121 and the
on or off according to the channel selection information from
the channel selector 122 to the reception signal input from the
controller 18 and makes the phases of the echo signals E1
uniform. Therefore, the phases of the plurality of noises N1
are not uniform. The delay time amount in the reception delay
interrupter 124a of the channels CH3, CH4, and CHS
becomes smaller in order.

[0115] Then, the adder 1245 adds the reception signal of
each channel and outputs the echo signal E2 and the noise N2
as the added transmission signal. The plurality of echo signals
E1 and the plurality of noises N1 are added to output the echo
signal B2 and the noise N2. Since the phases of the plurality
of echo signals E1 are uniform, the echo signal E2 becomes a
signal larger than the echo signal E1. Since the phases of the
plurality of noises N1 are uniform, the noise N2 is suppressed
more than the noise N1. Since the reception delay interrupter
124a of the channels CHO0, CH1, and CH2 is turned off, the
noise N2 does not become large when the deflection angle
0<0° as in FIG. 11C.

[0116] As shown in FIG. 8, the noise level of the noise N2
with respect to the deflection angle 6 in the continuous wave
Doppler mode of the present embodiment is reduced by
switching the operation state.

[0117] The deflection controller 121 and the channel selec-
tor 122 control so that the fifth state is achieved when the
deflection angle 8>0°, the sixth state is achieved when the
defection angle 0=0°, and the seventh state is achieved when
the deflection angle 6<0°. According to such control of the
operation state, the noise level of the noise N2 is shown with
the solid line curve in FIG. 8. The solid line curve in FIG. 8 is
the curve with the smaller value between the solid line curve
and the dotted line curve in FIG. 12.

Jul. 14,2016

[0118] According to the present embodiment, the ultra-
sound image diagnostic apparatus S uses the deflection con-
troller 121 to generate delay time information of the delay
amount according to the deflection angle 8 to make the phases
of the plurality of reception signals input in each of the plu-
rality of channels composing the plurality of transducers 2a
uniform and to output the above to the reception delay inter-
rupter 124q. The ultrasound image diagnostic apparatus S
uses the channel selector 122 to select the channel in which
the reception signal of each channel is turned on or off accord-
ing to the deflection angle 6 so that the phase of the reception
signal in each channel input in the plurality of channels
become different, to generate the channel selection informa-
tion, and to output the above to the reception delay interrupter
124a. Then, the ultrasound image diagnostic apparatus S uses
the reception delay interrupter 124a to provide delay amount
to the reception signal of each channel received in the plural-
ity of channels from the plurality of transducers 2a according
to the input delay time information, and to perform on or off
of the reception signal of each channel according to the input
channel selection information. The adder 1244 is used to add
the reception signal provided with the delay amount and
turned on.

[0119] Therefore, physical components such as a shield for
noise cancelling can be suppressed, and the ultrasound image
diagnostic apparatus S can be made smaller, lighter, cheaper,
and the steps for manufacturing can be reduced. Moreover,
the noise in the predetermined deflection angle 8 can be
suppressed and the SN ratio of the echo signal can be
enhanced.

[0120] In the pulse Doppler mode, the transmission of the
transmission signal transmitted to the ultrasound probe and
the reception of the reception signal compose 1 cycle and the
cycle is repeated. Therefore, in the pulse Doppler mode, the
physical component can be suppressed, and the noise in the
deflection angle 6=0° can be suppressed and the SN ratio of
the echo signal can be enhanced.

[0121] The channel selector 122 generates the channel
selection information to turn off the channels CH0 and CH1
corresponding to the 2 transducers 2a at one end of the array
direction of the plurality of transducers 2a. Therefore, in the
pulse Doppler mode, it is possible to prevent the operation
state in which the noise N2 become large as shown in the
conventional FIG. 9B, and it is possible to suppress the noise
when the deflection angle 6=0°, and to enhance the SN ratio
of the echo signal. Alternatively, the channel corresponding to
1 or 3 or more transducers 2a at one end of the array direction
of the plurality of transducers 2a may be turned off.

[0122] Inthe continuous wave Doppler mode, the transmis-
sion of the transmission signal and the reception of the recep-
tion signal are performed at the same time, the channel selec-
tor 122 turns off the channel corresponding to the
transmission signal, and generates channel selection informa-
tion which turns on the channel other than the channel turned
off. Therefore, in the continuous wave Doppler mode, the
noise in the deflection angle 8<0° can be suppressed, and the
SN ratio of the echo signal can be enhanced.

[0123] As one of the embodiments of the continuous wave
Doppler mode, some of the plurality of transducers 2a can be
used for transmission and the others can be used for reception.
For example, the plurality of transducers 2a from one end to
the center are used for transmission and those remaining are
used for reception.
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[0124] Here, when the position and the direction of the
target T of the subject are set with a Doppler marker, and the
position of the target T is detected to be in the side of the
reception transducers, the transmission transducers here are
used for reception, the reception transducers here are used for
transmission, and the transmission and reception are
switched. With this, the deflection angle 6 can be set to an
angle suitable for suppressing noise, and the effect of sup-
pressing noise can be enhanced.

[0125] The description of the above-described embodi-
ments is one example of the suitable ultrasound diagnostic
apparatus according to the present invention, and the present
invention is not limited to the above.

[0126] For example, according to the present embodiment,
in the ultrasound image diagnostic apparatus S, the deflection
controller 121 and the channel selector 122 generate the delay
time information and the channel selection information
according to information from the controller 18 regarding the
pulse Doppler mode or the continuous wave Doppler mode
and the deflection angle 8 input from the user on the operation
inputter 11. However, the present invention is not limited to
the above. For example, the storage 13 can store a table
corresponding the ultrasound image mode (pulse Doppler
mode or continuous wave Doppler mode), the deflection
angle 6, and the operation state (first state to seventh state)
corresponding to the delay time information and the channel
selection information.

[0127] According to such configuration, when the user
inputs the information regarding the pulse Doppler mode or
the continuous wave Doppler mode, and the Doppler gate or
the Doppler cursor on the operation inputter 11, the controller
18 calculates the deflection angle 0, reads out the table from
the storage 13, obtains the operation state of the transmitter/
receiver 12 (reception delay interrupter 124a) corresponding
to the input ultrasound image mode and the deflection angle 6
from the table, and outputs the above to the deflection con-
troller 121 and the channel selector 122. The deflection con-
troller 121 generates the delay time information according to
the deflection angle 0 and the operation state input from the
controller 18. The channel selector 122 generates the channel
selection information according to the operation state input
from the controller 18. According to such configuration, the
delay time information and the channel selection information
can be easily generated. The deflection angle 6 when the
operation state is switched and the operation state switched to
may be different according to the ultrasound image diagnos-
tic apparatus (according to machine type). In this case, by
rewriting the information of the table in the storage 13, the
control of the operation state can be easily and suitably
adjusted according to the ultrasound diagnostic apparatus.
[0128] According to the above-described embodiments, in
the pulse Doppler mode, the channel which transmits trans-
mission signals and the channel which receives reception
signals are completely the same. However, the present inven-
tion is not limited to the above. In the pulse Doppler mode, at
least one of the channels which transmits the transmission
signals and at least one of the channels which receive the
reception signal are to be the same.

[0129] The detailed configuration and operation of each
unit composing the ultrasound image diagnostic apparatus S
according to the present embodiment can be suitably modi-
fied without leaving the scope of the present invention.
[0130] The present U.S. patent application claims priority
under the Paris Convention of Japanese Patent Application
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No.2015-002790 filed on Jan. 9, 2015 the entirety of which is
incorporated herein by reference.

What is claimed is:

1. An ultrasound diagnostic apparatus which transmits and
receives ultrasound from an ultrasound probe including a
plurality of transducers to obtain information of a subject, the
apparatus comprising:

a deflection controller which generates delay time infor-
mation of delay amount to make phases of a plurality of
reception signals input to each of a plurality of channels
including the plurality of transducers uniform according
to a deflection angle which is an angle between a per-
pendicular line of an array direction of the plurality of
transducers, the line passing through a central point of
thearray direction and a line connecting the central point
and a target of the subject;

achannel selector which selects according to the deflection
angle a channel in which the reception signal of each
channel is turned on or off so that the phases of the
reception signals of each channel input to the plurality of
channels are different and which generates channel
selection information;

a reception delay interrupter which provides the delay
amount to the reception signal of each channel accord-
ing to the generated delay time information and which
turns on or off the reception signal of each channel
according to the generated channel selection informa-
tion; and

an adder which adds the plurality of reception signals
which are provided with the delay amount and turned on.

2. The ultrasound diagnostic apparatus of claim 1, wherein,
transmission of a transmission signal transmitted to the ultra-
sound probe and reception of the reception signal configure
one cycle, and the cycle is repeated.

3. The ultrasound diagnostic apparatus of claim 1, wherein,
the channel selector generates channel selection information
to turn off the channel corresponding to the at least one
transducer from one end of the array direction toward an inner
side among the plurality of transducers.

4. The ultrasound diagnostic apparatus of claim 1, wherein,

the transmission of the transmission signal transmitted to
the ultrasound probe and the reception of the reception
signal are performed parallel simultaneously; and

the channel selector turns off the channel corresponding to
the transmission signal generating the channel selection
information turning on the channel other than the chan-
nel turned off.

5. The ultrasound diagnostic apparatus of claim 1, further

comprising,

a storage which stores a table corresponding an image
mode of ultrasound, a deflection angle, and an operation
state of the reception delay interrupter corresponding to
the delay time information and the channel selection
information,

wherein,

the deflection controller obtains from the table an operation
state according to the image mode and the deflection
angle input by operation, and generates the delay time
information based on the deflection angle and the
obtained operation state; and

the channel selector obtains from the table an operation
state according to the image mode and the deflection
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angle input by operation, and generates the channel
selection information based on the obtained operation
state.

6. An ultrasound diagnostic apparatus which transmits and
receives ultrasound from an ultrasound probe including a
plurality of transducers to obtain information of a subject, the
apparatus comprising:

a deflection controller which generates delay time infor-
mation of delay amount to make phases of a plurality of
reception signals input to each of a plurality of channels
including the plurality of transducers uniform according
to an acoustic line angle between a perpendicular line of
an array direction of the plurality of transducers, the line
passing through a central point of a reception opening of
the plurality of transducers; and a line connecting a
central point ofthe reception opening and a target of the
subject;

a channel selector which selects according to the acoustic
line angle a channel in which the reception signal of each
channel is turned on or off so that the phases of the
reception signals of each channel input to the plurality of
channels are different and which generates channel
selection information;

a reception delay interrupter which provides the delay
amount to the reception signal of each channel accord-
ing to the generated delay time information and which

Jul. 14,2016

turns on or off the reception signal of each channel
according to the generated channel selection informa-
tion; and

an adder which adds the plurality of reception signals
which are provided with the delay amount and turned on.

7. An ultrasound diagnostic apparatus which transmits and

receives ultrasound from an ultrasound probe including a
plurality of transducers to obtain information of a subject, the
apparatus comprising:

a deflection controller which generates delay time infor-
mation of a plurality of reception signals input to a
plurality of channels from the plurality of transducers;
and

a channel selector which controls on or off of the plurality
of channels so that some of the plurality of transducers
are selected as transmission transducers and transmit
ultrasound from the transmission transducers, and some
of the transducers other than the transmission transduc-
ers are selected as reception transducers and receive
ultrasound with the reception transducers,

wherein, when a position of a target of the subject is set to
a side of the reception transducer, the channel selector
switches the transmission transducer to the reception
transducer and the reception transducer to the transmis-
sion transducer.
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