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ULTRASOUND DIAGNOSTIC APPARATUS
AND OPERATION METHOD OF
ULTRASOUND DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority under 35
U.S.C. § 119 to Japanese Patent Application No. 2018-
124115, filed on Jun. 29, 2018. Each of the above applica-
tion(s) is hereby expressly incorporated by reference, in its
entirety, into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to an ultrasound
diagnostic apparatus, which performs polarization process-
ing on a plurality of ultrasound transducers that an ultra-
sound endoscope comprises during an execution period of
ultrasound diagnosis, and an operation method of an ultra-
sound diagnostic apparatus.

2. Description of the Related Art

[0003] An ultrasound diagnostic apparatus that acquires
an ultrasound image of the inside of a subject by transmitting
and receiving ultrasound waves by driving a plurality of
ultrasound transducers inside the subject is already known.
In the ultrasound diagnostic apparatus, the plurality of
ultrasound transducers are, for example, single crystal trans-
ducers that are piezoelectric elements, and are usually used
in a polarized state. The ultrasound transducer that is a single
crystal transducer can receive ultrasound waves with high
sensitivity, but a depolarization phenomenon in which the
degree of polarization decreases as the driving time
increases may occur. In a case where a depolarization
phenomenon occurs, the reception sensitivity of the ultra-
sound transducer decreases, which may affect the image
quality of the ultrasound image.

[0004] In particular, in the case of transmitting and receiv-
ing ultrasound waves by driving each ultrasound transducer
inside the subject, since it is necessary to set the frequency
of the ultrasound wave to a high frequency band of 7 MHz
to 8 MHz level, a transducer having a relatively small
thickness is used. However, as the thickness of the trans-
ducer decreases, the risk of occurrence of a depolarization
phenomenon increases.

[0005] For this reason, techniques for countermeasures
against depolarization in the ultrasound diagnostic apparatus
have been developed so far. For example, an ultrasound
diagnostic apparatus (referred to as a “piezoelectric sensor
apparatus” in JP2013-005137A) described in JP2013-
005137A has a piezoelectric element having a piezoelectric
body and a pair of electrodes interposing the piezoelectric
body therebetween, a detection circuit for performing detec-
tion processing for detecting a detection signal output from
the piezoelectric element, and a polarization processing
circuit for performing polarization processing by applying a
polarization voltage to the piezoelectric element. In the
ultrasound diagnostic apparatus described in JP2013-
005137A having such a configuration, polarization process-
ing is performed at a timing at which the electric power is
supplied, a timing at which a request signal for executing
detection processing is input (each reception timing), or a
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timing at which a predetermined standby transition time has
passed after the end of detection processing, for example.
Therefore, even in a case where a depolarization phenom-
enon occurs in the piezoelectric element, the piezoelectric
element can be polarized again. As a result, it is possible to
maintain the reception sensitivity of the piezoelectric ele-
ment.

[0006] As another example, an ultrasound diagnostic
apparatus (referred to as an “ultrasound sensor” in JP2017-
143353 A) described in JP2017-143353A has a piezoelectric
element and a driving circuit for driving the piezoelectric
element. The driving circuit drives the piezoelectric element
with a driving waveform having first to sixth steps. The first
step is a step of maintaining the polarization of the piezo-
electric element with a first potential V1. The second step is
astep of transmitting an ultrasound wave to the piezoelectric
element after the first step. The third step is a step of causing
the piezoelectric element to stand by at a second potential
V2 after the second step. The fourth step is a step of
increasing the second potential V2 to a third potential V3
after the third step. The fifth step is a step of maintaining the
third potential V3 while the piezoelectric element receives
an ultrasound wave after the fourth step. The sixth step is a
step of returning the third potential V3 to the first potential
V1 after the fifth step. In the ultrasound diagnostic apparatus
described in JP2017-143353 A having such a configuration,
it is possible to drive the piezoelectric element while main-
taining the polarization of the piezoelectric element by
driving the piezoelectric element with the driving waveform
having the first to sixth steps described above.

SUMMARY OF THE INVENTION

[0007] As described above, in the ultrasound diagnostic
apparatus described in each of JP2013-005137A and
JP2017-143353A, it is possible to restore or maintain the
polarization of the piezoelectric element.

[0008] However, as in the ultrasound diagnostic apparatus
described in JP2013-005137A, providing a dedicated circuit
for performing repolarization, a depolarization detection
mechanism, and the like is a large hardware change factor.
Accordingly, it is very difficult to mount those described
above in the existing system.

[0009] In the ultrasound diagnostic apparatus described in
JP2017-143353A, in order to maintain polarization, the
pulse length of the driving waveform is increased by insert-
ing a DC component into each driving waveform. Accord-
ingly, the frame rate may be reduced to affect the image
quality of the ultrasound image.

[0010] Therefore, it is a first object of the invention to
provide an ultrasound diagnostic apparatus and an operation
method of an ultrasound diagnostic apparatus capable of
performing polarization processing during the execution
period of ultrasound diagnosis without affecting the image
quality of an ultrasound image.

[0011] In addition to the first object described above, it is
a second object of the invention to provide an ultrasound
diagnostic apparatus and an operation method of an ultra-
sound diagnostic apparatus capable of performing polariza-
tion processing without significantly changing the existing
circuit.

[0012] In order to achieve the aforementioned object, the
invention provides an ultrasound diagnostic apparatus for
acquiring an ultrasound image and an endoscope image. The
ultrasound diagnostic apparatus comprises: an ultrasound
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endoscope comprising an ultrasound observation portion
that transmits ultrasound waves using an ultrasound trans-
ducer array in which a plurality of ultrasound transducers are
arranged, receives reflected waves of the ultrasound waves,
and outputs a reception signal; and an ultrasound processor
apparatus that generates the ultrasound image by converting
the reception signal into an image. The ultrasound processor
apparatus comprises: a trigger genetation circuit that gen-
erates a trigger for starting polarization processing; and a
control circuit that performs the polarization processing on
the plurality of ultrasound transducers in a non-diagnosis
period, which is a period other than a period for acquiring an
image of each frame and during which transmission of the
ultrasound waves and reception of the reflected waves for
performing ultrasound diagnosis are not performed, within
each frame time in which an image of each frame of the
ultrasound image is acquired during an execution period of
the ultrasound diagnosis after the trigger is given.

[0013] Here, it is preferable that the ultrasound processor
apparatus further comprises a transmission circuit that gen-
erates a transmission signal for driving the plurality of
ultrasound transducers to generate the ultrasound waves
using a pulse generation circuit and supplies the transmis-
sion signal to the plurality of ultrasound transducers under
control of the control circuit and that the transmission circuit
generates a first transmission signal for performing the
ultrasound diagnosis using the pulse generation circuit in a
case of performing the ultrasound diagnosis and generates a
second transmission signal for performing the polarization
processing using the same pulse generation circuit as in the
case of generating the first transmission signal in a case of
performing the polarization processing.

[0014] Itis preferable that the control circuit generates the
non-diagnosis period by reducing a line density, which
indicates a ratio of the number of scanning lines scanned
within one frame time to the total number of a plurality of
scanning lines scanned by electronic sector scanning for
acquiring an image of one frame of the ultrasound image,
and performs the polarization processing within the gener-
ated non-diagnosis period.

[0015] It is preferable that the control circuit generates the
non-diagnosis period by reducing the number of lines, which
indicates the number of scanning lines scanned within one
frame time among a plurality of scanning lines scanned by
electronic sector scanning for acquiring an image of one
frame of the ultrasound image, and performs the polarization
processing within the generated non-diagnosis period.
[0016] Itis preferable that the control circuit generates the
non-diagnosis period by reducing a line interval, which
indicates an interval of time from scanning of one scanning
line among a plurality of scanning lines scanned by elec-
tronic sector scanning for acquiring an image of one frame
of the ultrasound image to scanning of the next scanning
line, and performs the polarization processing within the
generated non-diagnosis period.

[0017] TItis preferable that, in a case where the number of
ultrasound transducers driven simultaneously is less than the
total number of the plurality of ultrasound transducers
during the ultrasound diagnosis, the control circuit sets a
time for performing the polarization processing on ultra-
sound transducers disposed at a central portion to be longer
than a time for performing the polarization processing on
ultrasound transducers disposed at both end portions within
each frame time.
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[0018] Tt is preferable that the trigger generation circuit
generates the trigger in a case where a cumulative driving
time of the plurality of ultrasound transducers for perform-
ing the ultrasound diagnosis becomes equal to or greater
than a specified time.

[0019] It is preferable that the trigger generation circuit
generates the trigger in a case where a button for giving an
instruction to start the polarization processing is pressed.
[0020] It is preferable that the trigger generation circuit
generates the trigger in a case where an ultrasound image
generation mode is set to a contrast mode in which a contrast
image acquired using a contrast medium is highlighted.
[0021] It is preferable that the trigger generation circuit
generates the trigger in a case where a display depth of the
ultrasound image for performing the ultrasound diagnosis is
set to a predetermined depth or more.

[0022] It is preferable that the trigger generation circuit
generates the trigger in a case where it is recognized based
on the ultrasound image that a user is performing treatment
while viewing the ultrasound image.

[0023] It is preferable that the trigger generation circuit
generates the trigger in a case where a brightness of a B
mode ultrasound image, which is acquired in a state in which
a display depth is set to a predetermined depth or more, is
equal to or less than a predetermined brightness.

[0024] It is preferable that the trigger generation circuit
generates the trigger in a case where the ultrasound image is
displayed so as to be smaller than the endoscope image by
picture in picture.

[0025] In addition, the invention provides an operation
method of an ultrasound diagnostic apparatus for acquiring
an ultrasound image and an endoscope image. The operation
method of an ultrasound diagnostic apparatus comprises: a
step in which an ultrasound observation portion that an
ultrasound endoscope of the ultrasound diagnostic apparatus
comprises transmits ultrasound waves using an ultrasound
transducer array in which a plurality of ultrasound transduc-
ers are arranged, receives reflected waves of the ultrasound
waves, and outputs a reception signal; and a step in which
an ultrasound processor apparatus of the ultrasound diag-
nostic apparatus generates the ultrasound image by convert-
ing the reception signal into an image. The step of generating
the ultrasound image includes: a step in which a trigger
generation circuit of the ultrasound processor apparatus
generates a trigger for starting polarization processing; and
a step in which a control circuit of the ultrasound processor
apparatus performs the polarization processing on the plu-
rality of ultrasound transducers in a non-diagnosis period,
which is a period other than a period for acquiring an image
of each frame and during which transmission of the ultra-
sound waves and reception of the reflected waves for
performing ultrasound diagnosis are not performed, within
each frame time in which an image of each frame of the
ultrasound image is acquired during an execution period of
the ultrasound diagnosis after the trigger is given.

[0026] Here, it is preferable that the step of generating the
ultrasound image further includes a step in which a trans-
mission circuit of the ultrasound processor apparatus gen-
erates a transmission signal for driving the plurality of
ultrasound transducers to generate the ultrasound waves
using a pulse generation circuit and supplies the transmis-
sion signal to the plurality of ultrasound transducers under
control of the control circuit and that the step of generating
the transmission signal includes a step of generating a first
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transmission signal for performing the ultrasound diagnosis
using the pulse generation circuit in a case of performing the
ultrasound diagnosis and a step of generating a second
transmission signal for performing the polarization process-
ing using the same pulse generation circuit as in the case of
generating the first transmission signal in a case of perform-
ing the polarization processing.

[0027] It is preferable that, in the step of performing the
polarization processing, the non-diagnosis period is gener-
ated by reducing a line density, which indicates a ratio of the
number of scanning lines scanned within one frame time to
the total number of a plurality of scanning lines scanned by
electronic sector scanning for acquiring an image of one
frame of the ultrasound image, and the polarization process-
ing is performed within the generated non-diagnosis period.
[0028] It is preferable that, in the step of performing the
polarization processing, the non-diagnosis period is gener-
ated by reducing the number of lines, which indicates the
number of scanning lines scanned within one frame time
among a plurality of scanning lines scanned by electronic
sector scanning for acquiring an image of one frame of the
ultrasound image, and the polarization processing is pet-
formed within the generated non-diagnosis period.

[0029] It is preferable that, in the step of performing the
polarization processing, the non-diagnosis period is gener-
ated by reducing a line interval, which indicates an interval
of time from scanning of one scanning line among a plurality
of scanning lines scanned by electronic sector scanning for
acquiring an image of one frame of the ultrasound image to
scanning of the next scanning line, and the polarization
processing is performed within the generated non-diagnosis
period.

[0030] It is preferable that, in the step of performing the
polarization processing, in a case where the number of
ultrasound transducers driven simultaneously is less than the
total number of the plurality of ultrasound transducers
during the ultrasound diagnosis, a time for performing the
polarization processing on ultrasound transducers disposed
at a central portion is set to be longer than a time for
performing the polarization processing on ultrasound trans-
ducers disposed at both end portions within each frame time.
[0031] According to the invention, in a non-diagnosis
period, which is a period other than the acquisition period of
an image of each frame and during which transmission of
ultrasound waves and reception of reflected waves for
performing ultrasound diagnosis are not performed, within
each frame time during the execution period of ultrasound
diagnosis, the polarization processing is performed. There-
fore, even during the execution period of the ultrasound
diagnosis, the frame rate is not reduced. As a result, since the
reception sensitivities of the plurality of ultrasound trans-
ducers can always be kept satisfactory without reducing the
image quality of the ultrasound image, a high-quality ultra-
sound image can always be acquired.

[0032] In addition, according to the invention, since the
polarization processing is performed using the existing pulse
generation circuit, it is possible to perform the polarization
processing during the execution period of the ultrasound
diagnosis without significantly changing the existing circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a diagram showing the schematic con-
figuration of an ultrasound diagnostic apparatus according to
an embodiment of the invention.
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[0034] FIG. 2 is a plan view showing a distal end portion
of an insertion part of an ultrasound endoscope and its
periphery.

[0035] FIG. 3 is a diagram showing a cross section of the
distal end portion of the insertion part of the ultrasound
endoscope taken along the line I-I in FIG. 2.

[0036] FIG. 4 is a block diagram showing the configura-
tion of an ultrasound processor apparatus.

[0037] FIG. 5 is a diagram showing the flow of a diag-
nostic process using the ultrasound diagnostic apparatus.
[0038] FIG. 6 is a diagram showing the procedure of a
diagnostic step in the diagnostic process.

[0039] FIG. 7 is a diagram showing the flow of a process
in the case of performing polarization processing and the
case of performing no polarization processing.

[0040] FIG. 8 is a conceptual diagram of an example
showing the scanning timings of a plurality of scanning lines
scanned by electronic sector scanning during the execution
period of ultrasound diagnosis.

[0041] FIG. 9 is a conceptual diagram of an example
showing a plurality of scanning lines.

[0042] FIG. 10 is a conceptual diagram of an example
showing the timing of scanning a scanning line and the
timing of supplying a transmission signal for performing
polarization processing in the case of performing polariza-
tion processing during the execution period of ultrasound
diagnosis.

[0043] FIG. 11 is a conceptual diagram of an example
showing the timing of supplying a transmission signal for
performing polarization processing in a case where the line
density of scanning lines for performing ultrasound diagno-
sis is reduced.

[0044] FIG. 12 is a conceptual diagram of an example
showing the timing of supplying a transmission signal for
performing polarization processing in a case where the
number of scanning lines for performing ultrasound diag-
nosis is reduced.

[0045] FIG. 13 is a conceptual diagram of an example
showing the timing of supplying a transmission signal for
performing polarization processing in a case where the line
interval between scanning lines for performing ultrasound
diagnosis is reduced.

[0046] FIG. 14 is a conceptual diagram of an example
showing the timing of supplying a transmission signal for
making the time for performing polarization processing on
the ultrasound transducer disposed at the central portion
longer than the time for performing polarization processing
on the ultrasound transducers disposed at both end portions
in the case of performing the polarization processing during
the execution period of ultrasound diagnosis.

[0047] FIG. 15 is a conceptual diagram of an example
showing ultrasound transducers at a central portion and
ultrasound transducers at both end portions.

[0048] FIG. 16 is a conceptual diagram of an example
showing display modes.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0049] An ultrasound diagnostic apparatus according to an
embodiment (the present embodiment) of the invention will
be described in detail below with reference to preferred
embodiments shown in the accompanying diagrams.
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[0050] The present embodiment is a representative
embodiment of the invention, but is merely an example and
does not limit the invention.

[0051] In addition, in this specification, the numerical
range expressed by using “~” means a range including
numerical values described before and after “~ as a lower
limit and an upper limit.

Outline of Ultrasound Diagnostic Apparatus

[0052] The outline of an ultrasound diagnostic apparatus
10 according to the present embodiment will be described
with reference to FIG. 1. FIG. 1 is a diagram showing the
schematic configuration of ultrasound diagnostic apparatus
10.

[0053] The ultrasound diagnostic apparatus 10 is used to
observe (hereinafter, also referred to as ultrasound diagno-
sis) the state of an observation target part in a body of a
patient, who is a subject, using ultrasound waves. Here, the
observation target part is a part that is difficult to examine
from the body surface side of the patient, for example, a
gallbladder or a pancreas. By using the ultrasound diagnos-
tic apparatus 10, it is possible to perform ultrasound diag-
nosis of the state of the observation target part and the
presence or absence of an abnormality through gastrointes-
tinal tracts such as esophagus, stomach, duodenum, small
intestine, and large intestine which are body cavities of the
patient.

[0054] The ultrasound diagnostic apparatus 10 acquires an
ultrasound image and an endoscope image, and as shown in
FIG. 1, has an ultrasound endoscope 12, an ultrasound
processor apparatus 14, an endoscope processor apparatus
16, a light source device 18, a monitor 20, a water supply
tank 21a, a suction pump 215, and a console 100.

[0055] The ultrasound endoscope 12 is an endoscope, and
comprises an insertion part 22 to be inserted into the body
cavity of a patient, an operation unit 24 operated by an
operator (user), such as a doctor or a technician, and an
ultrasound transducer unit 46 attached to a distal end portion
40 of the insertion part 22 (refer to FIGS. 2 and 3). By the
function of the ultrasound endoscope 12, the operator can
acquire an endoscope image of the inner wall of the body
cavity of the patient and an ultrasound image of the obser-
vation target part.

[0056] Here, the “endoscope image” is an image obtained
by imaging the inner wall of the body cavity of the patient
using an optical method. The “ultrasound image” is an
image obtained by receiving a reflected wave (echo) of an
ultrasound wave transmitted from the inside of the body
cavity of the patient to the observation target part and
converting the reception signal into an image.

[0057] The ultrasound endoscope 12 will be described in
detail later.
[0058] The ultrasound processor apparatus 14 is con-

nected to the ultrasound endoscope 12 through a universal
cord 26 and an ultrasound connector 32a provided at an end
portion of the universal cord 26. The ultrasound processor
apparatus 14 controls the ultrasound transducer unit 46 of
the ultrasound endoscope 12 to transmit the ultrasound
wave. In addition, the ultrasound processor apparatus 14
generates an ultrasound image by converting the reception
signal in a case where the reflected wave (echo) of the
transmitted ultrasound wave is received by the ultrasound
transducer unit 46 into an image.
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[0059] The ultrasound processor apparatus 14 will be
described in detail later.

[0060] The endoscope processor apparatus 16 is con-
nected to the ultrasound endoscope 12 through the universal
cord 26 and an endoscope connector 326 provided at an end
portion of the universal cord 26. The endoscope processor
apparatus 16 generates an endoscope image by acquiring
image data of an observation target adjacent part imaged by
the ultrasound endoscope 12 (more specifically, a solid-state
imaging element 86 to be described later) and performing
predetermined image processing on the acquired image data.
[0061] Here, the “observation target adjacent part” is a
portion of the inner wall of the body cavity of the patient that
is adjacent to the observation target part.

[0062] In the present embodiment, the ultrasound proces-
sor apparatus 14 and the endoscope processor apparatus 16
are formed by two apparatuses (computers) provided sepa-
rately. However, the invention is not limited thereto, and
both the ultrasound processor apparatus 14 and the endo-
scope processor apparatus 16 may be formed by one appa-
ratus.

[0063] The light source device 18 is connected to the
ultrasound endoscope 12 through the universal cord 26 and
a light source connector 32¢ provided at an end portion of
the universal cord 26. The light source device 18 emits white
light or specific wavelength light formed of three primary
color light components of red light, green light, and blue
light at the time of imaging the observation target adjacent
part using the ultrasound endoscope 12. The light emitted
from the light source device 18 propagates through the
ultrasound endoscope 12 through a light guide (not shown)
included in the universal cord 26, and is emitted from the
ultrasound endoscope 12 (more specifically, an illumination
window 88 to be described later). As a result, the observation
target adjacent part is illuminated with the light from the
light source device 18.

[0064] The monitor 20 is connected to the ultrasound
processor apparatus 14, and the endoscope processor appa-
ratus 16, and displays an ultrasound image generated by the
ultrasound processor apparatus 14 and an endoscope image
generated by the endoscope processor apparatus 16. As a
display method of the ultrasound image and the endoscope
image, either one of the images may be switched and
displayed on the monitor 20, or both the images may be
displayed at the same time. Display modes of the ultrasound
image and the endoscope image will be described later.
[0065] In the present embodiment, the ultrasound image
and the endoscope image are displayed on one monitor 20.
However, a monitor for displaying the ultrasound image and
a monitor for displaying the endoscope image may be
separately provided. In addition, the ultrasound image and
the endoscope image may be displayed in a display form
other than the monitor 20. For example, the ultrasound
image and the endoscope image may be displayed on a
display of a terminal carried by the operator.

[0066] The console 100 is an apparatus provided for the
operator to input information necessary for ultrasound diag-
nosis or for the operator to instruct the ultrasound processor
apparatus 14 to start ultrasound diagnosis. The console 100
is configured to include, for example, a keyboard, a mouse,
a trackball, a touch pad, and a touch panel. In a case where
the console 100 is operated, a CPU (control circuit) 152
(refer to FIG. 4) of the ultrasound processor apparatus 14
controls each unit of the apparatus (for example, a reception
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circuit 142 and a transmission circuit 144 to be described
later) according to the operation content.

[0067] Specifically, the operator inputs examination infor-
mation (for example, examination order information includ-
ing a date, an order number, and the like and patient
information including a patient ID, a patient name, and the
like) through the console 100 before starting the ultrasound
diagnosis. In a case where the operator gives an instruction
to start the ultrasound diagnosis through the console 100
after the input of the examination information is completed,
the CPU 152 of the ultrasound processor apparatus 14
controls each unit of the ultrasound processor apparatus 14
so that the ultrasound diagnosis is performed based on the
input examination information.

[0068] The operator can set various control parameters
with the console 100 at the time of performing the ultra-
sound diagnosis. As the control parameters, for example,
selection results of a live mode and a freeze mode, set values
of the display depth (depth), selection results of an ultra-
sound image generation mode, and the like can be men-
tioned.

[0069] Here, the “live mode” is a mode in which ultra-
sound images (moving images) obtained at a predetermined
frame rate are sequentially displayed (displayed in real
time). The “freeze mode” is a mode in which an image (still
image) of one frame of an ultrasound image (moving image)
generated in the past is read out from a cine memory 150 to
be described later and displayed.

[0070] There are a plurality of ultrasound image genera-
tion modes that can be selected in the present embodiment.
Specifically, there are a brightness (B) mode, a color flow
(CF) mode, and a pulse wave (PW) mode. The B mode is a
mode in which a tomographic image is displayed by con-
verting the amplitude of the ultrasound echo into a bright-
ness. The CF mode is a mode in which average blood flow
speed, flow fluctuation, strength of flow signal, flow power,
and the like are mapped to various colors and displayed so
as to be superimposed on a B mode image. The PW mode
is a mode in which the speed (for example, blood flow
speed) of the ultrasound echo source detected based on the
transmission and reception of the pulse wave is displayed.
[0071] The ultrasound image generation modes described
above are merely examples, and modes other than the
above-described three kinds of modes, for example, an
amplitude (A) mode, a motion (M) mode, and a contrast
mode may be further included.

Configuration of Ultrasound Endoscope 12

[0072] Next, the configuration of the ultrasound endo-
scope 12 will be described with reference to FIGS. 1 to 4.
FIG. 2 is an enlarged plan view showing a distal end portion
of an insertion part 22 of an ultrasound endoscope 12 and the
periphery thereof. FIG. 3 is a cross-sectional view showing
a cross section of the distal end portion 40 of the insertion
part 22 of the ultrasound endoscope 12 taken along the line
I-I in FIG. 2. FIG. 4 is a block diagram showing the
configuration of the ultrasound processor apparatus 14.

[0073] As described above the ultrasound endoscope 12
has the insertion part 22 and the operation unit 24. As shown
in FIG. 1, the insertion part 22 comprises the distal end
portion 40, a bending portion 42, and a flexible portion 43
in order from the distal end side (free end side). As shown
in FIG. 2, an ultrasound observation portion 36 and an
endoscope observation portion 38 are provided in the distal
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end portion 40. As shown in FIG. 3, the ultrasound trans-
ducer unit 46 comprising a plurality of ultrasound transduc-
ers 48 is disposed in the ultrasound observation portion 36.
[0074] As shown in FIG. 2, a treatment tool lead-out port
44 is provided in the distal end portion 40. The treatment
tool lead-out port 44 serves as an outlet of a treatment tool
(not shown), such as forceps, an insertion needle, or a high
frequency scalpel. In addition, the treatment tool lead-out
port 44 serves as a suction port in the case of sucking
aspirates, such as blood and body waste.

[0075] The bending portion 42 is a portion continuously
provided on the more proximal side (side opposite to the side
where the ultrasound transducer unit 46 is provided) than the
distal end portion 40, and can bend freely. The flexible
portion 43 is a portion connecting the bending portion 42
and the operation unit 24 to each other, has flexibility, and
is provided so as to extend in an elongated state.

[0076] A plurality of pipe lines for air and water supply
and a plurality of pipe lines for suction are formed in the
insertion part 22 and the operation unit 24, respectively. In
addition, a treatment tool channel 45 whose one end com-
municates with the treatment tool lead-out port 44 is formed
in each of the insertion part 22 and the operation unit 24.
[0077] Next, the ultrasound observation portion 36, the
endoscope observation portion 38, the water supply tank
21a, the suction pump 215, and the operation unit 24 among
the components of the ultrasound endoscope 12 will be
described in detail.

Ultrasound Observation Portion 36

[0078] The ultrasound observation portion 36 is a portion
provided to acquire an ultrasound image, and is disposed on
the distal end side in the distal end portion 40 of the insertion
part 22. As shown in FIG. 3, the ultrasound observation
portion 36 comprises the ultrasound transducer unit 46, a
plurality of coaxial cables 56, and a flexible printed circuit
(FPC) 60.

[0079] The ultrasound transducer unit 46 corresponds to
an ultrasound probe (probe), and transmits an ultrasound
wave using an ultrasound transducer array 50, in which a
plurality of ultrasound transducers 48 to be described later
are arranged, in the body cavity of the patient, receives a
reflected wave (echo) of the ultrasound wave reflected by the
observation target part, and outputs a reception signal. The
ultrasound transducer unit 46 according to the present
embodiment is a convex type, and transmits an ultrasound
wave radially (in an arc shape). However, the type (model)
of the ultrasound transducer unit 46 is not particularly
limited, and other types may be used as long as it is possible
to transmit and receive ultrasound waves. For example, a
sector type, a linear type, and a radial type may be used.
[0080] As shown in FIG. 3, the ultrasound transducer unit
46 is formed by laminating a backing material layer 54, an
ultrasound transducer array 50, an acoustic matching layer
74, and an acoustic lens 76.

[0081] The ultrasound transducer array 50 includes a
plurality of ultrasound transducers 48 (ultrasound transduc-
ers) arranged in a one-dimensional array. More specifically,
the ultrasound transducer array 50 is formed by arranging N
(for example, N=128) ultrasound transducers 48 at equal
intervals in a convex bending shape along the axial direction
of the distal end portion 40 (longitudinal axis direction of the
insertion part 22). The ultrasound transducer array 50 may
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be one in which a plurality of ultrasound transducers 48 are
disposed in a two-dimensional array.

[0082] Each of the N ultrasound transducers 48 is formed
by disposing electrodes on both surfaces of a single crystal
transducer that is a piezoelectric element. As the single
crystal transducer, any of quartz, lithium niobate, lead
magnesium niobate (PMN), lead zinc niobate (PZN), lead
indium niobate (PIN), lead titanate (PT), lead magnesium
niobate-lead titanate (PMN-PT), zinc niobate-lead titanate
(PZN-PT), lithium tantalate, langasite, and zinc oxide can be
used.

[0083] The electrodes is an individual electrode (not
shown) individually provided for each of the plurality of
ultrasound transducers 48 and a transducer ground (not
shown) common to the plurality of ultrasound transducers
48. In addition, the electrodes are electrically connected to
the ultrasound processor apparatus 14 through the coaxial
cable 56 and the FPC 60.

[0084] The ultrasound transducer 48 according to the
present embodiment needs to be driven (vibrated) at a
relatively high frequency of 7 MHz to 8 MHz level in order
to acquire an ultrasound image in the body cavity of the
patient. For this reason, the thickness of the piezoelectric
element forming the ultrasound transducer 48 is designed to
be relatively small. For example, the thickness of the piezo-
electric element forming the ultrasound transducer 48 is 75
um to 125 um, preferably 90 um to 110 pm.

[0085] A pulsed driving voltage is supplied from the
ultrasound processor apparatus 14 to each ultrasound trans-
ducer 48, as an input signal (transmission signal), through
the coaxial cable 56. In a case where the driving voltage is
applied to the electrodes of the ultrasound transducer 48, the
piezoelectric element expands and contracts to drive (vi-
brate) the ultrasound transducer 48. As a result, a pulsed
ultrasound wave is output from the ultrasound transducer 48.
In this case, the amplitude of the ultrasound wave output
from the ultrasound transducer 48 has a magnitude corre-
sponding to the intensity (output intensity) in a case where
the ultrasound transducer 48 outputs the ultrasound wave.
Here, the output intensity is defined as the magnitude of the
sound pressure of the ultrasound wave output from the
ultrasound transducer 48.

[0086] FEach ultrasound transducer 48 vibrates (is driven)
upon receiving the reflected wave (echo) of the ultrasound
wave, and the piezoelectric element of each ultrasound
transducer 48 generates an electric signal. The electric signal
is output from each ultrasound transducer 48 to the ultra-
sound processor apparatus 14 as a reception signal of the
ultrasound wave. In this case, the magnitude (voltage value)
of the electric signal output from the ultrasound transducer
48 has a magnitude corresponding to the reception sensitiv-
ity in a case where the ultrasound transducer 48 receives the
ultrasound wave. Here, the reception sensitivity is defined as
a ratio of the amplitude of the electric signal, which is output
from the ultrasound transducer 48 in response to reception of
the ultrasound wave, to the amplitude of the ultrasound wave
transmitted by the ultrasound transducer 48.

[0087] Inthe present embodiment, by sequentially driving
the N ultrasound transducers 48 with an electronic switch
such as a multiplexer 140 (refer to FIG. 4), an ultrasound
scan occurs in a scanning range along the curved surface on
which the ultrasound transducer array 50 is disposed, for
example, in the range of about several tens of mm from the
center of curvature of the curved surface. More specifically,
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in the case of acquiring a B mode image (tomographic
image) as an ultrasound image, a driving voltage is supplied
to m (for example, m=N/2) ultrasound transducers 48 (here-
inafter, referred to as driving target transducers) arranged in
series, among the N ultrasound transducers 48, by opening
channel selection of the multiplexer 140. As a result, the m
driving target transducers are driven, and an ultrasound
wave is output from each driving target transducer of the
opening channel. The ultrasound waves output from the m
driving target transducers are immediately synthesized, and
the composite wave (ultrasound beam) is transmitted to the
observation target part. Thereafter, each of the m driving
target transducers receives an ultrasound wave (echo)
reflected at the observation target part, and outputs an
electric signal (reception signal) corresponding to the recep-
tion sensitivity at that point in time.

[0088] Then, the above-described series of steps (that is,
supply of a driving voltage, transmission and reception of
ultrasound waves, and output of an electric signal) are
repeatedly performed while shifting the position of the
driving target transducer, among the N ultrasound transduc-
ers 48, one by one (one ultrasound transducer 48 at a time).
Specifically, the above-described series of steps are started
from m driving target transducers on both sides of the
ultrasound transducer 48 located at one end among the N
ultrasound transducers 48. Then, the above-described series
of steps are repeated each time the position of the driving
target transducer is shifted due to switching of the opening
channel by the multiplexer 140. Finally, the above-described
series of steps are repeatedly performed a total of N times up
to m driving target transducers on both sides of the ultra-
sound transducer 48 located at the other end among the N
ultrasound transducers 48.

[0089] The backing material layer 54 supports each ultra-
sound transducer 48 of the ultrasound transducer array 50
from the back surface side. In addition, the backing material
layer 54 has a function of attenuating ultrasound waves
propagating to the backing material layer 54 side among
ultrasound waves emitted from the vltrasound transducer 48
or ultrasound waves (echoes) reflected by the observation
target part. The backing material is a material having rigid-
ity, such as hard rubber, and an ultrasound damping material
(ferrite, ceramics, and the like) is added as necessary.
[0090] The acoustic matching layer 74 is superimposed on
the ultrasound transducer array 50, and is provided for
acoustic impedance matching between the body of the
patient and the ultrasound transducer 48. Since the acoustic
matching layer 74 is provided, it is possible to increase the
transmittance of the ultrasound wave. As a material of the
acoustic matching layer 74, it is possible to use various
organic materials whose acoustic impedance values are
closer to that of the human body of the patient than the
piezoelectric element of the ultrasound transducer 48. Spe-
cific examples of the material of the acoustic matching layer
74 include epoxy resin, silicone rubber, polyimide, polyeth-
ylene, and the like.

[0091] The acoustic lens 76 superimposed on the acoustic
matching layer 74 converges ultrasound waves emitted from
the ultrasound transducer array 50 toward the observation
target part. The acoustic lens 76 is formed of, for example,
silicon resin (millable silicone rubber (HTV rubber), liquid
silicone rubber (RTV rubber), and the like), butadiene resin,
and polyurethane resin, and powders of titanium oxide,
alumina, silica, and the like are mixed as necessary.
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[0092] The FPC 60 is electrically connected to the elec-
trode of each ultrasound transducer 48. Each of the plurality
of coaxial cables 56 is wired to the FPC 60 at one end
thereof. Then, in a case where the ultrasound endoscope 12
is connected to the ultrasound processor apparatus 14
through the ultrasound connector 324, each of the plurality
of coaxial cables 56 is electrically connected to the ultra-
sound processor apparatus 14 at the other end (side opposite
to the FPC 60).

[0093] In the present embodiment, the ultrasound endo-
scope 12 comprises an endoscope side memory 58 (refer to
FIG. 4). The endoscope side memory 58 stores driving times
of the plurality of ultrasound transducers 48 at the time of
ultrasound diagnosis. Strictly speaking, in the endoscope
side memory 58, the cumulative driving time of the driving
target transducer among the plurality of ultrasound trans-
ducers 48 is stored.

[0094] In the present embodiment, an execution period of
ultrasound diagnosis, that is, a period from the start of
acquisition of an ultrasound image (moving image) to the
end thereof (more specifically, a time during which ultra-
sound diagnosis is performed in the live mode), is set as the
cumulative driving time. However, the invention is not
limited thereto, and the time for which the driving voltage is
supplied to the driving target transducer may be set as the
cumulative driving time.

[0095] In a state in which the ultrasound endoscope 12 is
connected to the ultrasound processor apparatus 14, the CPU
152 of the ultrasound processor apparatus 14 can access the
endoscope side memory 58 to read the cumulative driving
time stored in the endoscope side memory 58. In addition,
the CPU 152 of the ultrasound processor apparatus 14
rewrites the cumulative driving time stored in the endoscope
side memory 58 to a default value, or updates the stored
cumulative driving time to a new cumulative driving time in
a case where the cumulative driving time changes with the
execution of ultrasound diagnosis.

Endoscope Observation Portion 38

[0096] The endoscope observation portion 38 is a portion
provided to acquire an endoscope image, and is disposed on
the more proximal side than ultrasound observation portion
36 in the distal end portion 40 of the insertion part 22. As
shown in FIGS. 2 and 3, the endoscope observation portion
38 includes the observation window 82, an objective lens 84,
the solid-state imaging element 86, the illumination window
88, the cleaning nozzle 90, a wiring cable 92, and the like.
[0097] The observation window 82 is attached so as to be
inclined with respect to the axial direction (longitudinal axis
direction of the insertion part 22) at the distal end portion 40
of the insertion part 22. Light incident through the obser-
vation window 82 and reflected at the observation target
adjacent part is focused on the imaging surface of the
solid-state imaging element 86 by the objective lens 84.

[0098] The solid-state imaging element 86 photoelectri-
cally converts the reflected light of the observation target
adjacent part, which is focused on the imaging surface after
being transmitted through the observation window 82 and
the objective lens 84, and outputs an imaging signal. As the
solid-state imaging element 86, it is possible to use a charge
coupled device (CCD), a complementary metal oxide semi-
conductor (CMOS), and the like. The captured image signal
output from the solid-state imaging element 86 is transmit-
ted to the endoscope processor apparatus 16 by the universal
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cord 26 through the wiring cable 92 extending from the
insertion part 22 to the operation unit 24.

[0099] The illumination window 88 is provided at both
side positions of the observation window 82. An exit end of
a light guide (not shown) is connected to the illumination
window 88. The light guide extends from the insertion part
22 to the operation unit 24, and its incidence end is con-
nected to the light source device 18 connected through the
universal cord 26. The illumination light emitted from the
light source device 18 is transmitted through the light guide
and is emitted from the illumination window 88 toward the
observation target adjacent part.

[0100] The cleaning nozzle 90 is an ejection hole formed
at the distal end portion 40 of the insertion part 22 in order
to clean the surfaces of the observation window 82 and the
illumination window 88. From the cleaning nozzle 90, air or
cleaning liquid is ejected toward the observation window 82
and the illumination window 88. In the present embodiment,
the cleaning liquid ejected from the cleaning nozzle 90 is
water, in particular, degassed water. However, the cleaning
liquid is not particularly limited, and other liquids, for
example, normal water (water that is not degassed) may be
used.

Water Supply Tank 21 and Suction Pump 215

[0101] The water supply tank 21a is a tank that stores
degassed water, and is connected to the light source con-
nector 32¢ by an air and water supply tube 34a. Degassed
water is used as a cleaning liquid ejected from the cleaning
nozzle 90.

[0102] The suction pump 215 sucks aspirates (including
degassed water supplied for cleaning) inside the body cavity
through the treatment tool lead-out port 44. The suction
pump 215 is connected to the light source connector 32¢ by
a suction tube 345, The ultrasound diagnostic apparatus 10
may comprise an air supply pump for supplying air to a
predetermined air supply destination and the like.

[0103] In the insertion part 22 and the operation unit 24,
the treatment tool channel 45 and an air and water supply
pipe line (not shown) are provided.

[0104] The treatment tool channel 45 communicates
between a treatment tool insertion port 30 and the treatment
tool lead-out port 44 provided in the operation unit 24. The
treatment tool channel 45 is connected to a suction button
28b provided in the operation unit 24. The suction button
28b is connected to the suction pump 215 in addition to the
treatment tool channel 45.

[0105] The air and water supply pipe line communicates
with the cleaning nozzle 90 at one end side, and is connected
to an air and water supply button 28a provided in the
operation unit 24 at the other end side. The air and water
supply button 28a is connected to the water supply tank 21a
in addition to the air and water supply pipe line.

Operation Unit 24

[0106] The operation unit 24 is a unit operated by the
operator at the start of ultrasound diagnosis, during diagno-
sis, at the end of diagnostic, and one end of the universal
cord 26 is connected to one end of the operation unit 24. As
shown in FIG. 1, the operation unit 24 has the air and water
supply button 28a, the suction button 285, a pair of angle
knobs 29, and a treatment tool insertion port (forceps port)
30.
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[0107] 1In acase where each of the pair of angle knobs 29
is rotated, the bending portion 42 is remotely operated to be
bent and deformed. By this deformation operation, the distal
end portion 40 of the insertion part 22 in which the ultra-
sound observation portion 36 and the endoscope observation
portion 38 are provided can be directed in a desired direc-
tion.

[0108] The treatment tool insertion port 30 is a hole
formed to insert a treatment tool (not shown), such as
forceps, and communicates with the treatment tool lead-out
port 44 through the treatment tool channel 45. The treatment
tool inserted into the treatment tool insertion port 30 is
introduced into the body cavity from the treatment tool
lead-out port 44 after passing through the treatment tool
channel 45.

[0109] The air and water supply button 28a and the
suction button 285 are two-stage switching type push but-
tons, and are operated to switch the opening and closing of
the pipe line provided inside each of the insertion part 22 and
the operation unit 24.

Configuration of Ultrasound Processor Apparatus
14

[0110] The ultrasound processor apparatus 14 causes the
ultrasound transducer unit 46 to transmit and receive ultra-
sound waves, and generates an ultrasound image by con-
verting the reception signal, which is output from the
ultrasound transducer 48 (specifically, a driving target ele-
ment) at the time of ultrasound wave reception, into an
image. In addition, the ultrasound processor apparatus 14
displays the generated ultrasound image on the monitor 20.
[0111] In the present embodiment, the ultrasound proces-
sor apparatus 14 supplies a polarization voltage to a polar-
ization target transducer, among the N ultrasound transduc-
ers 48, to polarize the polarization target transducer. By
performing the polarization processing, the depolarized
ultrasound transducer 48 can be polarized again by repeating
the ultrasound diagnosis. As a result, it is possible to restore
the reception sensitivity of the ultrasound transducer 48 with
respect to ultrasound waves to a satisfactory level.

[0112] As shown in FIG. 4, the ultrasound processor
apparatus 14 has the multiplexer 140, the reception circuit
142, the transmission circuit 144, an A/D converter 146, an
application specific integrated circuit (ASIC) 148, the cine
memory 150, a trigger generation circuit 156, a central
processing unit (CPU) 152, and a digital scan converter
(DSC) 154.

[0113] The reception circuit 142 and the transmission
circuit 144 are electrically connected to the ultrasound
transducer array 50 of the ultrasound endoscope 12. The
multiplexer 140 selects a maximum of m driving target
transducers from the N ultrasound transducers 48, and opens
their channels.

[0114] The transmission circuit 144 is configured to
include a field programmable gate array (FPGA), a pulser
(pulse generation circuit 158), a switch (SW), and the like,
and is connected to the multiplexer 140 (MUX). Instead of
the FPGA, an application specific integrated circuit (ASIC)
may be used.

[0115] The transmission circuit 144 is a circuit that sup-
plies a driving voltage for ultrasound wave transmission to
the driving target transducers selected by the multiplexer
140, according to the control signal transmitted from the
CPU 152, in order to transmit ultrasound waves from the
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ultrasound transducer unit 46. The driving voltage is a
pulsed voltage signal (transmission signal), and is applied to
the electrodes of the driving target transducers through the
universal cord 26 and the coaxial cable 56.

[0116] The transmission circuit 144 has a pulse generation
circuit 158 that generates a transmission signal based on a
control signal. Under the control of the CPU 152, a trans-
mission signal for driving a plurality of ultrasound trans-
ducers 48 to generate ultrasound waves is generated using
the pulse generation circuit 158, and the generated trans-
mission signal is supplied to the plurality of ultrasound
transducers 48. More specifically, under the control of the
CPU 152, in the case of performing ultrasound diagnosis,
the transmission circuit 144 generates a first transmission
signal having a driving voltage for performing ultrasound
diagnosis using the pulse generation circuit 158. In addition,
under the control of the CPU 152, in the case of performing
polarization processing, a second transmission signal having
a polarization voltage for performing polarization process-
ing is generated using the same pulse generation circuit 158
as in the case of generating the first transmission signal.
[0117] The magnitude (voltage value or potential) and the
supply time of the polarization voltage are set to appropriate
values, which satisfy the conditions for obtaining the repo-
larization effect, by the CPU 152 in accordance with the
specification of the ultrasound transducer 48 (specifically,
the thickness and the material of the ultrasound transducer
48) provided in the ultrasound endoscope 12 connected to
the ultrasound processor apparatus 14. Thereafter, the CPU
152 performs polarization processing based on the set values
described above.

[0118] The reception circuit 142 is a circuit that receives
an electric signal output from the driving target transducer
that has received an ultrasound wave (echo), that is, a
reception signal. In addition, according to the control signal
transmitted from the CPU 152, the reception circuit 142
amplifies the reception signal received from the ultrasound
transducer 48 and transmits the amplified signal to the A/D
converter 146. The A/D converter 146 is connected to the
reception circuit 142, and converts the reception signal
received from the reception circuit 142 from an analog
signal to a digital signal and outputs the converted digital
signal to the ASIC 148.

[0119] The ASIC 148 is connected to the A/D converter
146. As shown in FIG. 4, the ASIC 148 forms a phase
matching unit 160, a B mode image generation unit 162, a
PW mode image generation unit 164, a CF mode image
generation unit 166, and a memory controller 151.

[0120] 1In the present embodiment, the above-described
functions (specifically, the phase matching unit 160, the B
mode image generation unit 162, the PW mode image
generation unit 164, the CF mode image generation unit 166,
and the memory controller 151) are realized by a hardware
circuit, such as the ASIC 148. However, the invention is not
limited thereto. The above-described functions may be real-
ized by making the central processing unit (CPU) and
software (computer program) for executing various kinds of
data processing cooperate with each other.

[0121] The phase matching unit 160 performs processing
for phasing addition (addition after matching the phases of
reception data) by giving a delay time to the reception signal
(reception data) digitized by the A/D converter 146. By the
phasing addition processing, a sound ray signal with nar-
rowed focus of the ultrasound echo is generated.
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[0122] The B mode image generation unit 162, the PW
mode image generation unit 164, and the CF mode image
generation unit 166 generate an ultrasound image based on
the electric signal (strictly speaking, the sound ray signal
generated by phasing and adding the reception data) that is
output from the driving target transducer among the plurality
of ultrasound transducers 48 in a case where the ultrasound
transducer unit 46 receives the ultrasound wave.

[0123] The B mode image generation unit 162 is an image
generation unit that generates a B mode image that is a
tomographic image of the inside of the patient (inside of the
body cavity). For the sequentially generated sound ray
signals, the B mode image generation unit 162 corrects the
attenuation due to the propagation distance according to the
depth of the reflection position of the ultrasound wave by
sensitivity time control (STC). The B mode image genera-
tion unit 162 performs envelope detection processing and
logarithm (Log) compression processing on the corrected
sound ray signal, thereby generating a B mode image (image
signal).

[0124] The PW mode image generation unit 164 is an
image generation unit that generates an image showing the
speed of blood flow in a predetermined direction. The PW
mode image generation unit 164 extracts a frequency com-
ponent by applying a fast Fourier transform to a plurality of
sound ray signals in the same direction among the sound ray
signals sequentially generated by the phase matching unit
160. Thereafter, the PW mode image generation unit 164
calculates the speed of blood flow from the extracted fre-
quency component, and generates a PW mode image (image
signal) showing the calculated speed of blood flow.

[0125] The CF mode image generation unit 166 is an
image generation unit that generates an image showing
blood flow information in a predetermined direction. The CF
mode image generation unit 166 generates an image signal
indicating the blood flow information by calculating the
autocorrelation between a plurality of sound ray signals in
the same direction among the sound ray signals sequentially
generated by the phase matching unit 160. Thereafter, based
on the image signal described above, the CF mode image
generation unit 166 generates a CF mode image (image
signal) as a color image in which the blood flow information
is superimposed on the B mode image signal generated by
the B mode image generation unit 162.

[0126] The memory controller 151 stores the image signal
generated by the B mode image generation unit 162, the PW
mode image generation unit 164, or the CF mode image
generation unit 166 in the cine memory 150.

[0127] The DSC 154 is connected to the ASIC 148, and
converts (raster conversion) the signal of the image genet-
ated by the B mode image generation unit 162, the PW mode
image generation unit 164, or the CF mode image generation
unit 166 into an image signal according to a normal televi-
sion signal scanning method, performs various kinds of
required image processing, such as gradation processing, on
the image signal, and then outputs an obtained signal to the
monitor 20.

[0128] The cine memory 150 has a capacity for storing an
image signal for one frame or several frames. The image
signal generated by the ASIC 148 is output to the DSC 154,
and is also stored in the cine memory 150 by the memory
controller 151. In the freeze mode, the memory controller
151 reads the image signal stored in the cine memory 150
and outputs the read image signal to the DSC 154. As a
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result, an ultrasound image (still image) based on the image
signal read from the cine memory 150 is displayed on the
monitor 20.

[0129] The trigger generation circuit 156 generates a trig-
ger for causing the CPU 152 to start polarization processing.
The cause of generation of a trigger will be described later.
[0130] The CPU 152 functions as a controller that controls
each unit of the ultrasound processor apparatus 14. The CPU
152 is connected to the reception circuit 142, the transmis-
sion circuit 144, the A/D converter 146, and the ASIC 148
to control these devices. Specifically, the CPU 152 is con-
nected to the console 100, and controls each unit of the
ultrasound processor apparatus 14 according to examination
information, control parameters, and the like input through
the console 100.

[0131] The CPU 152 automatically recognizes the ultra-
sound endoscope 12 based on a method, such as Plug and
Play (PnP), in a case where the ultrasound endoscope 12 is
connected to the ultrasound processor apparatus 14 through
the ultrasound connector 32a. Thereafter, the CPU 152
accesses the endoscope side memory 58 of the ultrasound
endoscope 12 to read the cumulative driving time stored in
the endoscope side memory 58.

[0132] In addition, the CPU 152 accesses the endoscope
side memory 58 at the end of the ultrasound diagnosis, and
updates the cumulative driving time stored in the endoscope
side memory 58 to a value obtained by adding the time
required for the ultrasound diagnosis performed immedi-
ately before to the cumulative driving time stored in the
endoscope side memory 58.

[0133] In the present embodiment, the cumulative driving
time is stored on the ultrasound endoscope 12 side. How-
ever, the invention is not limited thereto, and the cumulative
driving time may be stored on the ultrasound processor
apparatus 14 side for each ultrasound endoscope 12.
[0134] The CPU 152 is connected to the trigger generation
circuit 156. In a case where a trigger is given from the trigger
generation circuit 156, the CPU 152 controls the transmis-
sion circuit 144 to perform polarization processing in a
non-diagnosis period within each frame time during the
execution period of ultrasound diagnosis. More specifically,
after a trigger is given from the trigger generation circuit
156, during the execution period of the ultrasound diagnosis,
in a non-diagnosis period which is a period other than a
period for acquiring an image of each frame and during
which transmission of ultrasound waves and reception of
reflected waves for performing ultrasound diagnosis are not
performed. within each frame time in which an image (still
image) of each frame of an ultrasound image (moving
image) is acquired, polarization processing is performed on
the plurality of ultrasound transducers.

Operation Example of Ultrasound Diagnostic
Apparatus 10

[0135] Next, as an operation example of the ultrasound
diagnostic apparatus 10, a flow of a series of processes
relevant to ultrasound diagnosis (hereinafter, also referred to
as diagnostic process) will be described with reference to
FIGS. 5 to 7. FIG. 5 is a diagram showing the flow of the
diagnostic process using the ultrasound diagnostic apparatus
10. FIG. 6 is a diagram showing the procedure of a diag-
nostic step in the diagnostic process. FIG. 7 is a diagram
showing the flow of the process in the case of performing
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polarization processing in the diagnostic step and in the case
of performing no polarization processing in the diagnostic
step.

[0136] In a case where each unit of the ultrasound diag-
nostic apparatus 10 is powered on in a state in which the
ultrasound endoscope 12 is connected to the ultrasound
processor apparatus 14, the endoscope processor apparatus
16, and the light source device 18, the diagnostic process
starts with the power-ON as a trigger. In the diagnostic
process, as shown in FIG. 5, an input step is performed first
(S001). In the input step, the operator inputs examination
information, control parameters, and the like through the
console 100. In a case where the input step is completed, a
standby step is performed until there is an instruction to start
diagnosis (S002). Using the standby step, the CPU 152 of
the ultrasound processor apparatus 14 reads a cumulative
driving time from the endoscope side memory 58 of the
ultrasound endoscope 12 (S003).

[0137] Then, in a case where there is an instruction to start
diagnosis from the operator (Yes in S004), the CPU 152
controls each unit of the ultrasound processor apparatus 14
to perform a diagnostic step (S005). The diagnostic step
proceeds along the flow shown in FIG. 6. In a case where the
designated image generation mode is the B mode (Yes in
S031), each unit of the ultrasound processor apparatus 14 is
controlled so as to generate a B mode image (S032). In a
case where the designated image generation mode is not the
B mode (No in S031) but the CF mode (Yes in S033), each
unit of the ultrasound processor apparatus 14 is controlled so
as to generate a CF mode image (S034). In a case where the
designated image generation mode is not the CF mode (No
in S033) but the PW mode (Yes in S035), each unit of the
ultrasound processor apparatus 14 is controlled so as to
generate a PW mode image (S036). In a case where the
designated image generation mode is not the PW mode (No
in S035), the process proceeds to step S037.

[0138] In each image generation mode, as shown in FIG.
7, the trigger generation circuit 156 generates a trigger for
starting polarization processing, and the trigger is given
from the trigger generation circuit 156 to the CPU 152
(S041).

[0139] The CPU 152 determines whether or not the trigger
has been given from the trigger generation circuit 156
(S042).

[0140] In a case where no trigger is given to the CPU 152
(No in S042), the CPU 152 controls each unit of the
ultrasound processor apparatus 14 so that the normal ultra-
sound diagnosis is performed. That is, the polarization
processing is not performed during the execution period of
the ultrasound diagnosis (S043).

[0141] On the other hand, in a case where a trigger is given
to the CPU 152 (Yes in S042), the CPU 152 controls each
unit of the ultrasound processor apparatus 14 so that polar-
ization processing is performed on the plurality of ultra-
sound transducers 48 in a non-diagnosis period, which is a
period other than a period for acquiring an image of each
frame and during which transmission of ultrasound waves
and reception of reflected waves for performing ultrasound
diagnosis are not performed, within each frame time in
which an image of each frame of an ultrasound image is
acquired during the execution period of the ultrasound
diagnosis after the trigger is given. That is, the polarization
processing is performed during the execution period of the
ultrasound diagnosis (S044).
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[0142] Then, returning to FIG. 6, the CPU 152 determines
whether or not the ultrasound diagnosis has ended (5037). In
a case where the ultrasound diagnosis has not ended (No in
S037), the process returns to the diagnostic step S031, and
the generation of an ultrasound image in each image gen-
eration mode is repeatedly performed until the diagnosis end
conditions are satisfied. As the diagnosis end conditions, for
example, the operator gives an instruction to end the diag-
nosis through the console 100.

[0143] On the other hand, in a case where the diagnosis
end conditions are satisfied and accordingly the ultrasound
diagnosis ends (Yes in S037), the CPU 152 adds the time
required for the ultrasound diagnosis performed so far to the
cumulative driving time read out from the endoscope side
memory 58 in step S003, and updates the cumulative driving
time stored in the endoscope side memory 58 to the cumu-
lative driving time after the addition (S038). The diagnostic
step ends at a point in time at which the series of steps (steps
S031 to S038) in the diagnostic step end.

[0144] Then, returning to FIG. 5, the diagnostic process
ends at a point in time at which each unit of the ultrasound
diagnostic apparatus 10 is powered off (Yes in $006). On the
other hand, in a case where the power of each unit of the
ultrasound diagnostic apparatus 10 is maintained in the ON
state (No in S006), the process returns to the input step S001,
and each step of the diagnostic process described above is
repeated.

[0145] Next, the scanning timing of a scanning line (line)
scanned by electronic sector scanning in the case of per-
forming ultrasound diagnosis will be described.

[0146] FIG. 8 is a conceptual diagram of an example
showing the scanning timings of a plurality of scanning lines
scanned by electronic sector scanning during the execution
period of ultrasound diagnosis. In FIG. 8, the vertical axis
indicates a voltage of a pulse (transmission pulse) of a
transmission signal for generating an ultrasound wave for
scanning a scanning line, and the horizontal axis indicates
the passage of time.

[0147] In the present embodiment, it is assumed that the
total number of plural ultrasound transducers 48 (the number
of elements) is N=128 and the total number of scanning lines
(lines) within each frame time, in which an image (still
image) of each frame of an ultrasound image (moving
image) is acquired, is 128 lines from a scanning line Linel
on the right end side to a scanning line Line128 on the left
end side as shown in FIG. 9. In addition, it is assumed that
the number of ultrasound transducers 48 (the number of
opening channels) simultaneously driven to form an ultra-
sound beam at the time of ultrasound diagnosis is m=64.

[0148] A plurality of scanning lines Linel to Linel28 are
scanned by electronic sector scanning for acquiring an
image of one frame of an ultrasound image, and an ultra-
sound beam for scanning an image of each line of the
ultrasound image is expressed as a virtual line.

[0149] In the case of performing ultrasound diagnosis, as
shown in FIG. 8, during the execution period of the ultra-
sound diagnosis, that is, during a period from the start of
acquisition of an ultrasound image (moving image) to the
end of the acquisition, scanning of the scanning lines Linel
to Line128 is sequentially performed within each frame time
in which an image of each frame of an ultrasound image is
acquired. That is, a transmission signal (first transmission
signal) having a driving voltage for performing ultrasound
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diagnosis is supplied from the transmission circuit 144 to the
driving target transducer for performing ultrasound diagno-
sis.

[0150] Within each frame time, a period during which an
ultrasound image is acquired is a period during which
scanning of the scanning lines Linel to Linel28 is per-
formed. In addition, a non-diagnosis period is a period from
the end of scanning of the scanning line Line128 to the end
of each frame time.

[0151] In the example shown in FIG. 8, between the end
of scanning of the last scanning line Linel28 within one
frame time and the start of scanning of the first scanning line
Linel within the next one frame time, a non-diagnosis
period is provided in which transmission of ultrasound
waves and reception of reflected waves (echoes) of ultra-
sound waves for performing ultrasound diagnosis are not
performed. In the case of the present embodiment, the
non-diagnosis period is provided. However, the non-diag-
nosis period may not be provided depending on the system.

[0152] Next, the timing of supplying a transmission signal
for performing polarization processing in the case of per-
forming the polarization processing during the execution
period of ultrasound diagnosis will be described.

[0153] FIG. 10 is a conceptual diagram of an example
showing the timing of scanning a scanning line and the
timing of supplying a transmission signal for performing
polarization processing in the case of performing polariza-
tion processing during the execution period of ultrasound
diagnosis.

[0154] In the case of performing polarization processing,
as shown in FIG. 10, within each frame time, scanning of the
scanning lines Linel to Linel28 for performing ultrasound
diagnosis is sequentially performed as in the case shown in
FIG. 8. Then, within each frame time, polarization process-
ing is performed in a non-diagnosis period after the end of
the scanning of the last scanning line Line128. That is, a
transmission signal (second transmission signal) having a
polarization voltage for performing polarization processing
is supplied from the transmission circuit 144 to the polar-
ization target transducer that performs polarization process-
ing.

[0155] In the case of the present embodiment, two trans-
mission signals for polarization processing called polariza-
tion processing 1 and 2 are supplied as transmission signals
for performing polarization processing. As described above,
the total number of plural ultrasound transducers 48 is 128,
and the number of opening channels is 64 that is the half of
128. Therefore, a transmission signal of polarization pro-
cessing 1 is supplied to the 64 ultrasound transducers 48,
which are the half of the 128 ultrasound transducers 48, and
then a transmission signal of polarization processing 2 is
supplied to the 64 ultrasound transducers 48, which are the
remaining half.

[0156] In the case of the present embodiment, since a
non-diagnosis period is provided within each frame time, it
is possible to perform polarization processing without low-
ering the frame rate by supplying a transmission signal for
performing polarization processing within the non-diagnosis
period.

[0157] The polarization processing can be performed in a
period other than a period for acquiring an ultrasound image,
that is, in a period before the first scanning line Linel is
scanned and after the last scanning line Line128 is scanned.
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[0158] On the other hand, in a case where a non-diagnosis
period is not provided within each frame time, a transmis-
sion signal for performing polarization processing may be
supplied by lowering the frame rate intentionally within a
range in which there is no influence on the image quality of
the ultrasound image. This is because it is considered that it
would be acceptable to lower the image quality of an image
(part of a moving image) by temporarily lowering the frame
rate rather than lowering the image quality of the entire
image (entire moving image) by lowering the reception
sensitivity of the ultrasound transducer 48.

[0159] Alternatively, it is also possible to generate a
non-diagnosis period during which transmission of ultra-
sound waves and reception of reflected waves for perform-
ing ultrasound diagnosis are not performed, within each
frame time during the execution period of ultrasound diag-
nosis, by reducing at least one of the line density, the number
of lines, or the line interval of a plurality of scanning lines
scanned by electronic sector scanning for performing ultra-
sound diagnosis and perform polarization processing while
maintaining the frame rate within the generated non-diag-
nosis period.

[0160] Here, the line density indicates a ratio of the
number of scanning lines scanned within one frame time to
the total number of scanning lines within one frame time.
The number of lines indicates the number of scanning lines
scanned within one frame time among a plurality of scan-
ning lines within one frame time. The line interval indicates
an interval of time from the scanning of one scanning line
among a plurality of scanning lines within one frame time to
the scanning of the next scanning line.

[0161] FIG. 11 is a conceptual diagram of an example
showing the timing of supplying a transmission signal for
performing polarization processing in a case where the line
density of scanning lines for performing ultrasound diagno-
sis is reduced.

[0162] Inthiscase, as shown in FIG. 11, within each frame
time, scanning of the even-numbered 64 scanning lines
Line2, Lined, . . ., and Linel28 is omitted, and scanning of
the odd-numbered 64 scanning lines Linel, Line3, . . ., and
Line127 is sequentially performed. Then, within each frame
time, after the end of the scanning of the last scanning line
Linel27, in a non-diagnosis period generated by omitting
the scanning of the even-numbered 64 scanning lines Line2,
Lined, . . . , and Linel28, polarization processing is per-
formed as in the case of FIG. 10.

[0163] In this manner, since a non-diagnosis period can be
generated within each frame time by reducing the line
density of scanning lines for performing ultrasound diagno-
sis, it is possible to perform the polarization processing
within the generated non-diagnosis period while maintain-
ing the frame rate.

[0164] The scanning of the odd-numbered 64 scanning
lines Linel, Line3, . . . ., and Line 127 may be omitted, and
only the scanning of the even-numbered 64 scanning lines
Line2, Line4, . . ., and Line 128 may be performed. In
addition, the scanning of the next one or more scanning lines
may be omitted each time one or more scanning lines are
scanned. For example, the scanning of the next one scanning
line is omitted each time two scanning lines are scanned. In
the case of reducing the line density of the scanning lines,
the rate of reducing the line density of the scanning lines can
be appropriately determined according to the image quality
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of the ultrasound image, the time required to perform
polarization processing, and the like.

[0165] Subsequently, FIG. 12 is a conceptual diagram of
an example showing the timing of supplying a transmission
signal for performing polarization processing in a case
where the number of scanning lines for performing ultra-
sound diagnosis is reduced.

[0166] Inthiscase, as shown in FIG. 12, within each frame
time, scanning of the nine scanning lines Linel to Line9 on
the right end portion side and the ten scanning lines Linel19
to Line128 on the left end portion side is omitted, and the
scanning of the 109 scanning lines Linel0 to Line118 at the
central portion is sequentially performed. Then, within each
frame time, after the end of the scanning of the last scanning
line Linel18, in a non-diagnosis period generated by omit-
ting the scanning of the scanning lines Linel to Line9 and
the scanning lines Line119 to Linel128, polarization process-
ing is performed as in the case of FIG. 10.

[0167] In this manner, since a non-diagnosis period can be
generated within each frame time by reducing the number of
scanning lines for performing ultrasound diagnosis, it is
possible to perform the polarization processing within the
generated non-diagnosis period while maintaining the frame
rate.

[0168] Within each frame time, it is not essential to omit
the scanning of the scanning lines at both end portions, and
only the scanning of the scanning line at one end portion
may be omitted. In the case of reducing the number of
scanning lines, the number of scanning lines to be reduced
can be appropriately determined according to the time
required to perform polarization processing and the like. In
addition, in the case of reducing the number of scanning
lines, it is preferable to omit scanning of scanning lines
sequentially from the end portion side rather than omitting
scanning of scanning lines at the central portion in order to
prevent the image quality of the ultrasound image from
lowering.

[0169] Subsequently, FIG. 13 is a conceptual diagram of
an example showing the timing of supplying a transmission
signal for performing polarization processing in a case
where the line interval of scanning lines for performing
ultrasound diagnosis is reduced.

[0170] In this case, as shown from a state shown on the
upper side to a state shown on the lower side in FIG. 13,
within each frame time, the line interval between the scan-
ning lines Linel to Linel28 (time interval between two
adjacent scanning lines) is reduced (narrowed), and the
scanning of the scanning lines Linel to Linel28 is sequen-
tially performed. Then, within each frame time, after the end
of the scanning of the last scanning line Linel28, in a
non-diagnosis period generated by reducing the line interval
between the scanning lines Linel to Linel28, polarization
processing is performed as in the case of FIG. 10.

[0171] The line interval between the scanning lines is
generally determined according to the time from transmis-
sion of the ultrasound wave to reception of the reflected
wave or the like. In a case where the line interval between
the scanning lines is reduced too much, the acquired ultra-
sound image may be adversely affected. However, for the
line interval between the scanning lines, a margin time is
usually set in addition to the time from transmission of the
ultrasound wave to reception of the reflected wave. There-
fore, within the range of the margin time, it is possible to
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reduce the line interval between the scanning lines without
lowering the image quality of the ultrasound image.

[0172] Inthis manner, since a non-diagnosis period can be
generated within each frame time by reducing the line
interval between the scanning lines for performing ultra-
sound diagnosis, it is possible to perform the polarization
processing within the generated non-diagnosis period while
maintaining the frame rate.

[0173] Inthe case of reducing the line interval between the
scanning lines within each frame time. the time for which
the line interval between the scanning lines is to be reduced
can be appropriately determined according to the time
required to perform the polarization processing and the like
within the range in which the line interval between the
scanning lines can be reduced.

[0174] In addition, in the case of performing ultrasound
diagnosis, the number of times of driving of the ultrasound
transducer 48 disposed at the central portion is larger than
that on the end portion side. Therefore, the ultrasound
transducer 48 disposed at the central portion has a higher
risk of depolarization than that disposed on the end portion
side.

[0175] 1In the case of the present embodiment, the number
of opening channels is 64. Therefore, in the case of scanning
the scanning line Line64 at the central portion, 64 ultrasound
transducers 48 on both sides of the ultrasound transducer 48
at the central portion, for example, a total of 64 ultrasound
transducers 48 including 32 ultrasound transducers 48 on the
left end portion side from the ultrasound transducer 48 at the
central portion and 32 ultrasound transducers 48 on the right
end portion side from the ultrasound transducer 48 adjacent
rightward to the ultrasound transducer 48 at the central
portion are simultaneously driven. The same applies to the
case of scanning the other scanning lines Line33 to Line96
at the central portion.

[0176] On the other hand, in the case of scanning the
scanning line Linel at the right end portion, since the
number of opening channels is 64 but there is no ultrasound
transducer 48 on the further right side of the ultrasound
transducer 48 at the right end portion, only the 32 ultrasound
transducers 48 on the central portion side from the ultra-
sound transducer 48 at the right end portion are simultane-
ously driven.

[0177] In the case of scanning the second scanning line
from the right end, only one ultrasound transducer 48 at the
right end portion is present on the right side of the second
ultrasound transducer 48 from the right end. Therefore, a
total of only 33 ultrasound transducers 48 including the 32
ultrasound transducers 48 on the central portion side from
the second ultrasound transducer 48 from the right end and
one ultrasound transducer 48 at the right end portion are
simultaneously driven.

[0178] The same applies to the case of scanning the third
to 32nd scanning lines Line3 to Line32 from the right end,
and only a total of 34 to 63 ultrasound transducers 48 are
simultaneously driven. In addition, the same applies to the
case of scanning the scanning lines Line97 to Line128 on the
left end portion side. Therefore, within each frame time, it is
desirable to make the time for performing polarization
processing on the ultrasound transducer 48 disposed at the
central portion longer than the time for performing polar-
ization processing on the ultrasound transducers 48 disposed
at both end portions.
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[0179] Next, the timing of supplying a transmission signal
for making the time for performing polarization processing
on the ultrasound transducer 48 disposed at the central
portion longer than the time for performing polarization
processing on the ultrasound transducers 48 disposed at both
end portions in the case of performing the polarization
processing during the execution period of ultrasound diag-
nosis will be described.

[0180] FIG. 14 is a conceptual diagram of an example
showing the timing of supplying a transmission signal for
making the time for performing polarization processing on
the ultrasound transducer disposed at the central portion
longer than the time for performing polarization processing
on the ultrasound transducers disposed at both end portions
in the case of performing the polarization processing during
the execution period of ultrasound diagnosis.

[0181] Inthiscase, as shown in FIG. 14, within each frame
time, scanning of the scanning lines Linel to Linel128 for
performing ultrasound diagnosis is sequentially performed
as in the case shown in FIG. 8. Then, in a non-diagnosis
period after the end of scanning of the last scanning line
Line128 within each frame time, as shown in FIG. 15,
polarization processing on the 64 ultrasound transducers 48
in the central portion and polarization processing on the 64
ultrasound transducers 48 at both end portions including the
32 ultrasound transducers 48 at the right end portion and the
32 ultrasound transducers 48 at the left end portion are
separately performed.

[0182] In the case of the present embodiment, three trans-
mission signals called polarization processing 1 to 3 are
supplied as transmission signals for performing polarization
processing. A transmission signal of polarization processing
1 is supplied to a total of 64 ultrasound transducers 48
including the 32 ultrasound transducers 48 at the right end
portion and the 32 ultrasound transducers 48 at the left end
portion, among the 128 ultrasound transducers 48, and then
transmission signals of polarization processing 2 and 3 are
supplied to the 64 ultrasound transducers 48 at the central
portion.

[0183] That is, within each frame time, the polarization
processing is performed once on the 64 ultrasound trans-
ducers 48 at both end portions, while the polarization
processing is performed twice on the 64 ultrasound trans-
ducers 48 at the central portion. As a result, with respect to
the 64 ultrasound transducers 48 at the central portion
having a higher risk of depolarization than the 64 ultrasound
transducers 48 at both end portions, the polarization pro-
cessing can be performed twice as long as the 64 ultrasound
transducers 48 at both end portions.

[0184] In addition, the time for performing the polariza-
tion processing on the ultrasound transducers 48 disposed at
the central portion may be made to be longer than that on the
ultrasound transducers 48 disposed at both end portions. For
example, the time of polarization processing performed on
the 64 ultrasound transducers 48 at the central portion may
be twice the time of polarization processing performed on
the 64 ultrasound transducers 48 at both end portions or
longer.

[0185] Next, a trigger generation timing, that is, a timing
for starting polarization processing will be described.
[0186] Depolarization of the ultrasound transducer 48
progresses as dipoles applied to both sides of the ultrasound
transducer 48 decrease according to the time for which
transmission of ultrasound waves and reception of reflected
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waves for performing ultrasound diagnosis are performed,
that is, according to the cumulative driving time of the
plurality of ultrasound transducers 48.

[0187] The trigger generation circuit 156 cannot directly
determine whether or not the ultrasound transducer 48 is
depolarized. Accordingly, for example, the trigger genera-
tion circuit 156 can determine whether or not the ultrasound
transducer 48 is depolarized based on the above-described
cumulative driving time of the ultrasound transducers 48 and
generate a trigger in a case where the cumulative driving
time of the plurality of ultrasound transducers 48 for per-
forming ultrasound diagnosis becomes equal to or longer a
specified time.

[0188] As the specified time, a default value of the time
may be set in the trigger generation circuit 156, or any time
may be set according to the user’s instruction. The specified
time is any time, and may be on the order of several hours
or on the order of several frame times.

[0189] The trigger generation circuit 156 can generate a
trigger in a case where a button for giving an instruction to
start polarization processing is pressed according to the
user’s instruction. That is, the polarization processing can be
started at any timing according to the user’s instruction.
[0190] The button may be an electronic button displayed
within the touch panel of the console 100, or may be a
mechanical button provided on the operation unit 24 of the
ultrasound endoscope 12.

[0191] In addition, the trigger generation circuit 156 can
generate a trigger in a case where the ultrasound image
generation mode is set to the contrast mode in which a
contrast image acquired using a contrast medium is high-
lighted. In the contrast mode, the ultrasound wave transmit-
ted from the ultrasound transducer 48 is generally set to have
a low output that does not destroy bubbles contained in the
contrast medium. Therefore, since the S/N ratio of the image
is reduced, an adverse effect of sensitivity lowering due to
depolarization is likely to appear.

[0192] 1Ina case where the depolarization of the ultrasound
transducer 48 progresses and its reception sensitivity lowers,
an ultrasound image acquired at a position where the display
depth is relatively large is likely to have a lower S/N ratio
than an ultrasound image acquired at a position where the
display depth is relatively small, and the image quality is
easily degraded. For this reason, the trigger generation
circuit 156 can generate a trigger in a case where the display
depth of the ultrasound image for performing ultrasound
diagnosis is set to a predetermined depth or more.

[0193] The display depth of the ultrasound image for
performing ultrasound diagnosis can be set to, for example,
a position of 4 cm in depth and a position of 10 cm in depth
according to the user’s instruction. For example, assuming
that the predetermined depth described above is set to 5 cm,
the trigger generation circuit 156 does not generate a trigger
in a case where the display depth of the ultrasound image is
set to a position of 4 cm in depth, and generates a trigger in
a case where the display depth of the ultrasound image is set
to a position of 10 ¢cm in depth.

[0194] As the predetermined depth, a default value of the
depth may be set in the trigger generation circuit 156, or any
depth may be set according to the user’s instruction.
[0195] Similarly, in a case where the depolarization of the
ultrasound transducer 48 progresses and its reception sen-
sitivity lowers, a B mode ultrasound image acquired at a
position where the display depth is relatively large is likely
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to have a lower brightness than a B mode ultrasound image
acquired at a position where the display depth is relatively
small. For this reason, the trigger generation circuit 156 can
generate a trigger in a case where the brightness of the B
mode ultrasound image, which is acquired in a state in which
the display depth is set to a predetermined depth or more, is
equal to or less than a predetermined brightness.

[0196] As the predetermined brightness, a default value of
the brightness may be set in the trigger generation circuit
156, or any brightness may be set according to the user’s
instruction.

[0197] In addition, by analyzing the ultrasound image
during the execution period of the ultrasound diagnosis, it is
possible to recognize that the user is performing treatment
while viewing the ultrasound image. For example, it is
possible to recognize whether or not the user is in the
process of insertion, whether or not the stent is being
released, or whether or not 30 minutes has passed from the
start of acquisition of the ultrasound image. In this case,
since other images, such as an X-ray fluoroscopic image and
an endoscope image, are used together with the ultrasound
image during the treatment, the user does not view the
details of the ultrasound image in many cases. Therefore, it
is possible to appropriately perform the polarization pro-
cessing regardless of the image quality. For this reason, the
trigger generation circuit 156 can generate a trigger in a case
where it is recognized that the user is performing treatment
while viewing the ultrasound image based on the ultrasound
image.

[0198] Theultrasound diagnostic apparatus 10 can acquire
an ultrasound image and an endoscope image and display
the ultrasound image and the endoscope image on the
monitor 20 in various display modes.

[0199] As shown in FIG. 16, the display modes include a
first display mode in which only an ultrasound image is
displayed, a second display mode in which an ultrasound
image is displayed so as to be larger than an endoscope
image by using picture in picture (PinP), a third display
mode in which an ultrasound image is displayed so as to be
smaller than an endoscope image by using the PinP simi-
larly, and a fourth display mode in which only an endoscope
image is displayed. The first to fourth display modes can be
freely switched and displayed according to the user’s
instruction.

[0200] Here, in the third display mode, since the ultra-
sound image is displayed so as to be smaller than the
endoscope image, it is possible to appropriately perform the
polarization processing regardless of the image quality. For
this reason, the trigger generation circuit 156 can generate a
trigger in a case where the ultrasound image is displayed so
as to be smaller than the endoscope image by the picture in
picture in the third display mode.

[0201] Although the trigger generation factors have been
exemplified, the trigger may be generated based on any
factor other than the above-described factors.

[0202] As the end conditions of the polarization process-
ing, for example, a case where the cumulative processing
time of the polarization processing reaches a predetermined
time, a case where the user gives an instruction to end the
polarization processing, a case where the contrast mode is
changed to another ultrasound image generation mode, a
case where the display depth of the ultrasound wave for
performing ultrasound diagnosis is set to be smaller than a
predetermined depth, a case where it is not recognized
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whether or not the user is performing treatment based on the
endoscope image, a case where the brightness of the B mode
ultrasound image acquired at a position where the display
depth of the ultrasound wave is relatively large becomes
larger than a predetermined brightness, and a case where the
third display mode is changed to another display mode can
be considered. However, the polarization processing may be
ended according to end conditions other than those
described above.

Effectiveness of Ultrasound Diagnostic Apparatus
10 of the Invention

[0203] The ultrasound diagnostic apparatus 10 performs
polarization processing in a non-diagnosis period, which is
a period other than the acquisition period of an image of
each frame and during which transmission of ultrasound
waves and reception of reflected waves for performing
ultrasound diagnosis are not performed, within each frame
time during the execution period of ultrasound diagnosis.
Therefore, even during the execution period of the ultra-
sound diagnosis, the frame rate is not reduced. As a result,
since the reception sensitivities of the plurality of ultrasound
transducers 48 can always be kept satisfactory without
reducing the image quality of the ultrasound image, a
high-quality ultrasound image can always be acquired.
[0204] In addition, since the ultrasound diagnostic appa-
ratus 10 performs the polarization processing using the
existing transmission circuit 144, more specifically, the
pulse generation circuit 158, it is possible to perform the
polarization processing during the execution period of the
ultrasound diagnosis without significantly changing the
existing circuit.

[0205] The total number of ultrasound transducers 48 and
the number of opening channels may be changed to any
number. For example, in a case where the number of opening
channels is the same as the total number of ultrasound
transducers 48, one transmission signal for polarization
processing for driving the 128 ultrasound transducers 48 can
also be supplied instead of the two transmission signals for
polarization processing called the above-described polariza-
tion processing 1 and 2. Alternatively, in a case where the
number of opening channels is ¥4 of the total number of
ultrasound transducers 48, four transmission signals for
polarization processing called polarization processing 1 to 4
for driving the 32 ultrasound transducers 48 can also be
supplied.

[0206] The polarization processing may be performed by
combining the case of reducing the line density of scanning
lines, the case of reducing the number of scanning lines, and
the case of reducing the line interval of scanning lines.
Alternatively, it is also possible to perform the polarization
processing by combining the case of reducing at least one of
the line density of scanning lines, the number of scanning
lines, or the line interval of scanning lines and the case of
making the time for performing the polarization processing
on the ultrasound transducer 48 disposed at the central
portion longer than the time for performing the polarization
processing on the ultrasound transducers 48 disposed at both
end portions. Other than the above, the characteristics of the
above respective embodiments may be implemented in
combination.

[0207] The transmission circuit 144 may generate the first
transmission signal using the first pulse generation circuit
and generate the second transmission signal using the sec-
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ond pulse generation circuit. That is, the first transmission
signal and the second transmission signal may be generated
using different pulse generation circuits. Alternatively, the
first transmission signal may be generated by the transmis-
sion circuit 144, and a polarization circuit different from the
transmission circuit 144 may be provided and the second
transmission signal may be generated using the polarization
circuit. That is, a dedicated circuit for polarization process-
ing may be provided.

[0208] While the invention has been described in detail,
the invention is not limited to the above-described embodi-
ment, and various improvements and modifications may be
made without departing from the scope and spirit of the
invention.

EXPLANATION OF REFERENCES

[0209] 10: ultrasound diagnostic apparatus
[0210] 12: ultrasound endoscope

[0211] 14: ultrasound processor apparatus
[0212] 16: endoscope processor apparatus
[0213] 18: light source device

[0214] 20: monitor

[0215] 21a: water supply tank

[0216] 21b: suction pump

[0217] 22: insertion part

[0218] 24: operation unit

[0219] 26: universal cord

[0220] 28a: air and water supply button
[0221] 285: suction button

[0222] 29: angle knob

[0223] 30: treatment tool insertion port

[0224] 32a: ultrasound connector
[0225] 324: endoscope connector
[0226] 32¢: light source connector
[0227] 34a: air and water supply tube
[0228] 34b: suction tube

[0229] 36: ultrasound observation portion
[0230] 38: endoscope observation portion
[0231] 40: distal end portion

[0232] 42: bending portion

[0233] 43: flexible portion

[0234] 44: treatment tool lead-out port
[0235] 45: treatment tool channel
[0236] 46: ultrasound transducer unit
[0237] 48: ultrasound transducer
[0238] 50: ultrasound transducer array
[0239] 54: backing material layer
[0240] 56: coaxial cable

[0241] 58: endoscope side memory
[0242] 60: FPC

[0243] 74: acoustic matching layer
[0244] 76: acoustic lens

[0245] 82: observation window

[0246] 84: objective lens

[0247] 86: solid-state imaging element
[0248] 88: illumination window
[0249] 90: cleaning nozzle

[0250] 92: wiring cable

[0251] 100: console

[0252] 140: multiplexer

[0253] 142: reception circuit

[0254] 144: transmission circuit
[0255] 146: A/D converter

[0256] 148: ASIC
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[0257] 150: cine memory
[0258] 151: memory controller
[0259] 152: CPU
[0260] 154: DSC
[0261] 156: trigger generation circuit
[0262] 158: pulse generation circuit
[0263] 160: phase matching unit
[0264] 162: B mode image generation unit
[0265] 164: PW mode image generation unit
[0266] 166: CF mode image generation unit
What is claimed is:
1. An ultrasound diagnostic apparatus for acquiring an
ultrasound image and an endoscope image, comprising:
an ultrasound endoscope comprising an ultrasound obser-
vation portion that transmits ultrasound waves using an
ultrasound transducer array in which a plurality of
ultrasound transducers are arranged, receives reflected
waves of the ultrasound waves, and outputs a reception
signal; and
an ultrasound processor apparatus that generates the ultra-
sound image by converting the reception signal into an
image,
wherein the ultrasound processor apparatus comprises:
a trigger generation circuit that generates a trigger for
starting polarization processing: and
a control circuit that performs the polarization processing
on the plurality of ultrasound transducers in a non-
diagnosis period, which is a period other than a period
for acquiring an image of each frame and during which
transmission of the ultrasound waves and reception of
the reflected waves for performing ultrasound diagno-
sis are not performed, within each frame time in which
an image of each frame of the ultrasound image is
acquired during an execution period of the ultrasound
diagnosis after the trigger is given.
2. The ultrasound diagnostic apparatus according to claim
15
wherein the ultrasound processor apparatus further com-
prises a transmission circuit that generates a transmis-
sion signal for driving the plurality of ultrasound trans-
ducers to generate the ultrasound waves using a pulse
generation circuit and supplies the transmission signal
to the plurality of ultrasound transducers under control
of the control circuit, and
the transmission circuit generates a first transmission
signal for performing the ultrasound diagnosis using
the pulse generation circuit in a case of performing the
ultrasound diagnosis, and generates a second transmis-
sion signal for performing the polarization processing
using the same pulse generation circuit as in the case of
generating the first transmission signal in a case of
performing the polarization processing.
3. The ultrasound diagnostic apparatus according to claim
15
wherein the control circuit generates the non-diagnosis
period by reducing a line density, which indicates a
ratio of the number of scanning lines scanned within
one frame time to the total number of a plurality of
scanning lines scanned by electronic sector scanning
for acquiring an image of one frame of the ultrasound
image, and performs the polarization processing within
the generated non-diagnosis period.
4. The ultrasound diagnostic apparatus according to claim
25
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wherein the control circuit generates the non-diagnosis
period by reducing a line density, which indicates a
ratio of the number of scanning lines scanned within
one frame time to the total number of a plurality of
scanning lines scanned by electronic sector scanning
for acquiring an image of one frame of the ultrasound
image, and performs the polarization processing within
the generated non-diagnosis period.
5. The ultrasound diagnostic apparatus according to claim
15
wherein the control circuit generates the non-diagnosis
period by reducing the number of lines, which indicates
the number of scanning lines scanned within one frame
time among a plurality of scanning lines scanned by
electronic sector scanning for acquiring an image of
one frame of the ultrasound image, and performs the
polarization processing within the generated non-diag-
nosis period.
6. The ultrasound diagnostic apparatus according to claim
1,
wherein the control circuit generates the non-diagnosis
period by reducing a line interval, which indicates an
interval of time from scanning of one scanning line
among a plurality of scanning lines scanned by elec-
tronic sector scanning for acquiring an image of one
frame of the ultrasound image to scanning of the next
scanning line, and performs the polarization processing
within the generated non-diagnosis period.
7. The ultrasound diagnostic apparatus according to claim
15
wherein, in a case where the number of ultrasound trans-
ducers driven simultaneously is less than the total
number of the plurality of ultrasound transducers dur-
ing the ultrasound diagnosis, the control circuit sets a
time for performing the polarization processing on
ultrasound transducers disposed at a central portion to
be longer than a time for performing the polarization
processing on ultrasound transducers disposed at both
end portions within each frame time.
8. The ultrasound diagnostic apparatus according to claim
1!
wherein the trigger generation circuit generates the trigger
in a case where a cumulative driving time of the
plurality of ultrasound transducers for performing the
ultrasound diagnosis becomes equal to or greater than
a specified time.
9. The ultrasound diagnostic apparatus according to claim
15
wherein the trigger generation circuit generates the trigger
in a case where a button for giving an instruction to
start the polarization processing is pressed.
10. The ultrasound diagnostic apparatus according to
claim 1,
wherein the trigger generation circuit generates the trigger
in a case where an ultrasound image generation mode
is set to a contrast mode in which a contrast image
acquired using a contrast medium is highlighted.
11. The ultrasound diagnostic apparatus according to
claim 1,
wherein the trigger generation circuit generates the trigger
in a case where a display depth of the ultrasound image
for performing the ultrasound diagnosis is set to a
predetermined depth or more.
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12. The ultrasound diagnostic apparatus according to
claim 1,

wherein the trigger generation circuit generates the trigger
in a case where it is recognized based on the ultrasound
image that a user is performing treatment while view-
ing the ultrasound image.

13. The ultrasound diagnostic apparatus according to

claim 1,

wherein the trigger generation circuit generates the trigger
in a case where a brightness of a B mode ultrasound
image, which is acquired in a state in which a display
depth is set to a predetermined depth or more, is equal
to or less than a predetermined brightness.

14. The ultrasound diagnostic apparatus according to

claim 1,

wherein the trigger generation circuit generates the trigger
in a case where the ultrasound image is displayed so as
to be smaller than the endoscope image by picture in
picture.

15. An operation method of the ultrasound diagnostic
apparatus according to claim 1 for acquiring the ultrasound
image and the endoscope image, comprising:

a step in which the ultrasound observation portion that the
ultrasound endoscope of the ultrasound diagnostic
apparatus comprises transmits the ultrasound waves
using the ultrasound transducer array in which the
plurality of ultrasound transducers are arranged,
receives the reflected waves of the ultrasound waves,
and outputs the reception signal; and

a step in which the ultrasound processor apparatus of the
ultrasound diagnostic apparatus generates the ultra-
sound image by converting the reception signal into the
image,

wherein the step of generating the ultrasound image
includes:

a step in which the trigger generation circuit of the
ultrasound processor apparatus generates the trigger for
starting the polarization processing; and

a step in which the control circuit of the ultrasound
processor apparatus performs the polarization process-
ing on the plurality of ultrasound transducers in the
non-diagnosis period, which is the period other than the
period for acquiring the image of each frame and
during which transmission of the ultrasound waves and
reception of the reflected waves for performing ultra-
sound diagnosis are not performed, within each frame
time in which the image of each frame of the ultrasound
image is acquired during the execution period of the
ultrasound diagnosis after the trigger is given.

16. The operation method of an ultrasound diagnostic

apparatus according to claim 15,

wherein the step of generating the ultrasound image
further includes a step in which a transmission circuit
of the ultrasound processor apparatus generates a trans-
mission signal for driving the plurality of ultrasound
transducers to generate the ultrasound waves using a
pulse generation circuit and supplies the transmission
signal to the plurality of ultrasound transducers under
control of the control circuit, and

the step of generating the transmission signal includes a
step of generating a first transmission signal for per-
forming the ultrasound diagnosis using the pulse gen-
eration circuit in a case of performing the ultrasound
diagnosis and a step of generating a second transmis-
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sion signal for performing the polarization processing 19. The operation method of an ultrasound diagnostic
using the same pulse generation circuit as inthe case of  apparatus according to claim 15,
generating the first transmission signal in a case of
performing the polarization processing.

17. The operation method of an ultrasound diagnostic

apparatus according to claim 15,

wherein, in the step of performing the polarization pro-
cessing, the non-diagnosis period is generated by
reducing a line density, which indicates a ratio of the
number of scanning lines scanned within one frame
time to the total number of a plurality of scanning lines
scanned by electronic sector scanning for acquiring an
image of one frame of the ultrasound image, and the 20. The operation method of an ultrascund diagnostic
polarization processing is performed within the gener- apparatus according to claim 15,
ated non-diagnosis period.

18. The operation method of an ultrasound diagnostic

apparatus according to claim 15,

wherein, in the step of performing the polarization pro-
cessing, the non-diagnosis period is generated by
reducing the number of lines, which indicates the
number of scanning lines scanned within one frame
time among a plurality of scanning lines scanned by
electronic sector scanning for acquiring an image of
one frame of the ultrasound image, and the polarization
processing is performed within the generated non-
diagnosis period. ook ok ok

wherein, in the step of performing the polarization pro-
cessing, the non-diagnosis period is generated by
reducing a line interval, which indicates an interval of
time from scanning of one scanning line among a
plurality of scanning lines scanned by electronic sector
scanning for acquiring an image of one frame of the
ultrasound image to scanning of the next scanning line,
and the polarization processing is performed within the
generated non-diagnosis period.

wherein, in the step of performing the polarization pro-
cessing, in a case where the number of ultrasound
transducers driven simultaneously is less than the total
number of the plurality of ultrasound transducers dur-
ing the ultrasound diagnosis, a time for performing the
polarization processing on ultrasound transducers dis-
posed at a central portion is set to be longer than a time
for performing the polarization processing on ultra-
sound transducers disposed at both end portions within
each frame time.
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