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ULTRASOUND DIAGNOSTIC APPARATUS
AND PUNCTURE NEEDLE SHIFT ANGLE
CALCULATION METHOD

BACKGROUND

Technological Field

[0001] The present invention relates to an ultrasound
diagnostic apparatus and a puncture needle shift angle
calculation method.

Description of the Related art

[0002] Conventionally, an ultrasound diagnostic apparatus
has been known which irradiates ultrasound into a subject,
receives its reflected ultrasound, and performs predeter-
mined signal data processing to generate an ultrasound
image of an internal structure of the subject. The ultrasound
diagnostic apparatus has been widely used for various
applications such as inspection for medical purposes, medi-
cal treatment, and inspection of the inside of architectural
construction.

[0003] The ultrasound diagnostic apparatus has been used
to not only display an ultrasound image but also insert, in
collecting a sample of a specific site (target) within a subject,
discharging water or the like, or injecting or placing a
medical agent, a marker, or the like into the specific site, a
puncture needle used for the injection and the placement into
a position of the target while visually recognizing the
puncture needle and the position of the target. Treatment for
the target within the subject can be quickly, reliably, and
easily performed by using the ultrasound image.

[0004] As the ultrasound diagnostic apparatus, an ultra-
sound diagnostic apparatus, in which transducers which
transmit and receive ultrasound are arranged in a one-
dimensional or two-dimensional matrix shape in a ultra-
sound probe and which performs image pickup while sub-
jecting respective positions and directions of the transducers
which transmit and receive ultrasound to scanning (elec-
tronic scanning in particular) in a predetermined arrange-
ment direction, has been frequently used. The puncture
needle is positioned in a range in which image pickup can be
consecutively performed in a time period elapsed until the
puncture needle reaches a target after being inserted into a
subject such as a living body of a patient when inserted into
the subject depending on an insertion method by an opera-
tion of an operator such as a doctor. Examples of the
insertion method include a parallel method as a method for
inserting the puncture needle into a target site parallel to a
scanning plane (a plane to which a ultrasound beam is
emitted) in a direction of the scanning (a lateral direction and
a long axis direction) and a crossing method for inserting the
puncture needle into a target site by causing the puncture
needle to cross the scanning plane. Although the puncture
needle has been previously attached to an attachment fixedly
connected to an ultrasound probe called a puncturing guide
and inserted, the operator may frequently insert the puncture
needle freehand at present.

[0005] Therefore, the puncture needle may not necessarily
be accurately oriented in a desired insertion direction or may
be bent depending on an internal state and a structure of the
subject and a shape of a distal end of the puncture needle, for
example. As a result, a case has occurred where the distal
end of the puncture needle deviates from a range in which
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image pickup can be performed in an elevation direction (a
short axis direction) perpendicular to the lateral direction so
that image pickup is not performed. Even when a cross-
sectional image is simply obtained without using puncture,
if an operator is unaccustomed, appropriate change cannot
be performed even when an image pickup range in the
elevation direction is finely adjusted by changing a posture
of the ultrasound probe. Thus, it may take a time and a labor
to obtain a desired image.

[0006] Therefore, an ultrasound diagnostic apparatus has
been known which includes an ultrasound probe in which a
plurality of transducers are two-dimensionally arranged in a
short axis direction and a long axis direction, and transmits
ultrasound beams in two directions, i.e., an ultrasound beam
having a deflection angle of zero from all the transducers in
the short axis direction and an ultrasound beam having a
deflection angle from the transducer at an end in the short
axis direction, compares respective intensity characteristics
of reflected ultrasound for the deflection angles in the short
axis direction in the ultrasound beams in the two directions,
specifies an intersection between characteristics respectively
obtained by decreasing the intensity characteristics by a
difference value between their respective peaks as a short
axis position (deflection angle) of the puncture needle, and
generates and displays a planar view image of the puncture
needle, at a short axis position connecting with the long axis
direction, viewed from the top (see Japanese Patent Laid-
Open No. 2017-148407).

[0007] An ultrasound diagnostic apparatus has been
known which includes a two-dimensional array probe (ultra-
sound probe) in which a plurality of transducers are two-
dimensionally arranged and calculates a three-dimensional
distal end position of the puncture needle from the time
when a transmission signal reaches the transducers at three
positions from a transmitter provided in the puncture needle
(see Japanese Patent Laid-Open No. 2000-185041). The
ultrasound diagnostic apparatus in Japanese Patent Laid-
Open No. 2000-185041 calculates the three-dimensional
distal end position of the puncture probe by processing for
tracking a distal end of the puncture needle using an inten-
sity of reflected ultrasound from the puncture needle, a
power intensity of a doppler signal from the puncture needle
to which an exciter is attached, and a mutual correlation
method in addition to the above.

[0008] When the shift angle of the puncture needle is
calculated, the method in Japanese Patent Laid-Open No.
2000-185041 presupposes three-dimensional scanning so
that a cost for implementation is high. Therefore, a method
in Japanese Patent Laid-Open No. 2017-148407 is consid-
ered, but presupposes that an intensity of reflection signal
depends on only directivity of a short axis beam. However,
in an actual subject, an error in the intensity of the reflection
signal increases if a site which greatly attenuates partially
exists, for example.

SUMMARY

[0009] The present invention is directed to calculating a
shift angle of a puncture needle to an ultrasound probe
quantitatively, easily, at low cost, and with high accuracy.

[0010] To achieve at least one of the abovementioned
objects, according to a first aspect of the present invention,
an ultrasound diagnostic apparatus reflecting one aspect of
the present invention includes:
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[0011] a transmitter which transmits, to an ultrasound
probe including a plurality of transducers which are
arranged in a plurality of regions in a short axis direction and
arranged in a long axis direction in each of the regions and
can transmit and receive ultrasound independently in the
plurality of regions in the short axis direction, a driving
signal in each of the regions;

[0012] areceiver which receives a receiving signal in each
of the regions from the ultrasound probe; and

[0013] a hardware processor which generates ultrasound
image data from the received receiving signal in the region,
extracts an image of a puncture needle inserted into a subject
from the generated ultrasound image data in the region, and
calculates a shift angle of the puncture needle to the ultra-
sound probe using boundary position information of the
extracted image of the puncture needle in the region.
[0014] According to a second aspect of the present inven-
tion, a puncture needle shift angle calculation method
reflecting one aspect of the present invention comprises
[0015] transmitting, to an ultrasound probe including a
plurality of transducers which are arranged in the plurality of
regions in a short axis direction and are arranged in a long
axis direction in each of the regions and can transmit and
receive ultrasound independently in the plurality of regions
in the short axis direction, a driving signal in each of the
regions;

[0016] receiving a receiving signal in each of the regions
from the ultrasound probe;

[0017] generating ultrasound image data from the received
receiving signal in the region;

[0018] extracting an image of a puncture needle inserted
into a subject from the generated ultrasound image data in
the region; and

[0019] calculating a shift angle of the puncture needle to
the ultrasound probe using boundary position information of
the extracted image of the puncture needle in the region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0021] FIG. 1 is an overall view of an ultrasound diag-
nostic apparatus according to an embodiment of the present
invention;

[0022] FIG. 2 is a block diagram illustrating an internal
configuration of the ultrasound diagnostic apparatus;
[0023] FIG. 3 is a diagram illustrating an example of an
arrangement of transducers in an ultrasound probe;

[0024] FIG. 4A is a schematic side view illustrating a
parallel method in ultrasonically guided puncture;

[0025] FIG. 4B is a schematic top view illustrating a
parallel method in ultrasonically guided puncture;

[0026] FIG. 5A is a schematic side view illustrating a
crossing method in ultrasonically guided puncture;

[0027] FIG. 5B is a schematic top view illustrating a
crossing method in ultrasonically guided puncture;

[0028] FIG. 6 is a diagram illustrating a schematic con-
figuration in a short axis direction of the ultrasound probe;
[0029] FIG. 7 is a flowchart illustrating puncture needle
image display processing;
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[0030] FIG. 8A is a schematic top view of the ultrasound
probe, illustrating a shift angle of the puncture needle in the
parallel method;

[0031] FIG. 8B is a diagram illustrating a composite
ultrasound image in the parallel method;

[0032] FIG. 8C is a diagram illustrating boundary lines
among ultrasound beams;

[0033] FIG. 9A is a schematic top view of the ultrasound
probe, illustrating the shift angle of the puncture needle in
the crossing method;

[0034] FIG. 9B is a diagram illustrating a composite
ultrasound image in the crossing method:;

[0035] FIG. 10A is a diagram illustrating a composite
display screen;
[0036] FIG. 10B is a schematic top view of the ultrasound

probe after shift angle adjustment;

[0037] FIG. 11 is a schematic top view of the ultrasound
probe, illustrating a threshold angle 0;

[0038] FIG. 12A is a histogram of a shift angle of a
puncture needle; and

[0039] FIG. 12B is a diagram illustrating a history infor-
mation image of the shift angle.

DETAILED DESCRIPTION OF EMBODIMENTS

[0040] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments. An embodiment and a modifi-
cation according to the present invention will be described
in detail with reference to the accompanying drawings.

Embodiment

[0041] An embodiment of the present invention will be
described below with reference to FIGS. 1 to 11. First, an
entire apparatus configuration of an ultrasound diagnostic
apparatus U according to the present embodiment will be
described with reference to FIGS. 1 and 2. FIG. 1 is an
overall view of the ultrasound diagnostic apparatus U
according to the present embodiment. FIG. 2 is a block
diagram illustrating an internal configuration of the ultra-
sound diagnostic apparatus U.

[0042] As illustrated in FIG. 1, the ultrasound diagnostic
apparatus U includes an ultrasound diagnostic apparatus
body 1, an ultrasound probe 2 connected to the ultrasound
diagnostic apparatus body 1 via a cable 5, and a puncture
needle 3 which is a treatment instrument as a recognition
object.

[0043] The puncture needle 3 has a hollow long needle
shape, and 1s inserted into a subject at an angle determined
freehand by an operator such as a doctor or an engineer. The
puncture needle 3 can be converted into a puncture needle
having an appropriate thickness, length, and distal end shape
depending on a site (target) to be collected of a subject such
as a patient or the type or the amount of a medical agent or
the like to be injected. In the ultrasound diagnostic apparatus
U, an attachment section as an attachment which guides the
puncture needle 3 in a puncture direction and a guide section
which is fixedly provided in the ultrasound probe 2 and
guides the puncture needle 3 in the puncture direction may
be provided.

[0044] The ultrasound diagnostic apparatus body 1 is
provided with an operation input unit 18 and an output
display 19 as a display. As illustrated in FIG. 2, the ultra-
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sound diagnostic apparatus body 1 includes a controller 11
as a hardware processor, a transmission driver 12 as a
transmitter, a receiving processor 13 as a receiver, a trans-
mission/receiving switcher 14, an image generator 15, and
an image processor 16 as a hardware processor, in addition
to the operation input unit 18 and the output display 19. The
controller 11 outputs a driving signal to the ultrasound probe
2 to output ultrasound based on an input operation from
outside to an input device such as a keyboard or a mouse in
the operation input unit 18, acquires a receiving signal
relating to ultrasound receiving from the ultrasound probe 2
to perform various types of processing, and displays a result
or the like on a display screen or the like of the output
display 19, as needed.

[0045] The controller 11 includes a CPU (central process-
ing unit), an HDD (hard disk drive), and a RAM (random
access memory) as a storage, for example. The CPU reads
out various types of programs stored in the HDD and loads
the read programs into the RAM, to integrally control
respective operations of the units in the ultrasound diagnos-
tic apparatus U according to the programs. The HDD stores
a control program and various types of processing programs
for causing the ultrasound diagnostic apparatus U to operate
and various types of setting data, for example. The HDD
particularly stores a puncture needle image display program
for performing puncture needle image display processing,
described below. The programs and the setting data may be
stored such that reading and writing are updatable in an
auxiliary storage device using a nonvolatile memory such as
a flash memory including an SSD (solid state drive), for
example, in addition to the HDD. The RAM is a volatile
memory such as an SRAM or a DRAM, and provides a work
memory space to the CPU and stores temporary data.

[0046] The transmission driver 12 outputs a driving signal
to be fed to the ultrasound probe 2 in response to a control
signal inputted from the controller 11, and transmits ultra-
sound to the ultrasound probe 2. The transmission driver 12
includes a clock generation circuit, a pulse width setter, a
pulse generation circuit, and a delay circuit, for example.
The clock generation circuit is a circuit which generates
clock signals to determine a transmission timing and a
transmission frequency of a pulse signal. The pulse width
setter sets a waveform (shape), a voltage amplitude, and a
pulse width of a transmission pulse to be outputted from the
pulse generation circuit. The pulse generation circuit gen-
erates a transmission pulse as a driving signal based on the
setting by the pulse width setter, and outputs the generated
transmission pulse to wiring paths which differ for each of
transducers 210 in the ultrasound probe 2. The delay circuit
counts the clock signals outputted from the clock generation
circuit, and causes the pulse generation circuit to generate a
transmission pulse and output the generated transmission
pulse to each of the wiring paths when a set delay time
period elapses.

[0047] The receiving processor 13 is a circuit which
acquires the receiving signal inputted from the ultrasound
probe 2 under the control of the controller 11. The receiving
processor 13 includes an amplifier, an A/D (analog to digital)
conversion circuit, and a phase-adjustment and addition
circuit, for example. The amplifier is a circuit which ampli-
fies receiving signals corresponding to ultrasound received
by the transducers 210 in the ultrasound probe 2, respec-
tively, at predetermined amplification factors previously set.
The A/D conversion circuit is a circuit which respectively
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converts the amplified receiving signals into digital data at
a predetermined sampling frequency. The phase-adjustment
and addition circuit is a circuit which gives the receiving
signals, which have been subjected to A/D conversion, delay
time periods for wiring paths corresponding to the transduc-
ers 210 to adjust their respective time phases and add the
time phases to generate sound ray data.

[0048] The transmission/receiving switcher 14 performs a
switching operation for transmitting a driving signal to the
transducers 210 from the transmission driver 12 when
emitting (transmitting) ultrasound from the transducers 210
while outputting a receiving signal to the receiving proces-
sor 13 when acquiring a signal relating to the ultrasound
emitted by the transducers 210 under the control of the
controller 11.

[0049] The image generator 15 generates a diagnostic
image based on ultrasound receiving data. The image gen-
erator 15 subjects the sound ray data inputted from the
receiving processor 13 to detection (envelope detection) to
acquire a signal, and performs logarithmic amplification,
filtering (e.g., low-pass transmission or smoothing), and
enhancement processing, for example, as needed. The image
generator 15 generates as one of diagnostic images frame
image data relating to B (Brightness) mode display as a
tomographic image representing a two-dimensional struc-
ture within a cross section including a transmission direction
of a luminance signal corresponding to the intensity of the
signal (a depth direction of the subject) and a scanning
direction (a lateral direction and a long axis direction in a
two-dimensional arrangement of the transducers 210) of the
ultrasound transmitted by the ultrasound probe 2. At this
time, the image generator 15 can perform dynamic range
adjustment and gamma correction relating to display, for
example. The image generator 15 can be configured to
include a dedicated CPU and RAM used for image genera-
tion. Alternatively, in the image generator 15, a dedicated
hardware configuration relating to image generation may be
formed on a substrate (e.g., an ASIC (application-specific
integrated circuit)) or formed by an FPGA (field program-
mable gate array). Alternatively, the image generator 15 may
have a configuration in which the CPU and the RAM in the
controller 11 perform processing relating to image genera-
tion.

[0050] The image processor 16 includes a storage 161 and
a puncture needle identifier 162, for example. The storage
161 stores diagnostic image data (frame image data), which
is used for real time display or display conforming thereto
upon being processed by the image generator 15, corre-
sponding to a predetermined number of latest frames frame
by frame. The storage 161 is, for example, a volatile memory
such as a DRAM (dynamic random access memory). Alter-
natively, the storage 161 may be various types of high-speed
rewritable nonvolatile memories. The diagnostic image data
stored in the storage 161 is read out under the control of the
controller 11, is transmitted to the output display 19, and is
outputted to outside the ultrasound diagnostic apparatus U
via a communicator (not illustrated). At this time, if a display
system of the output display 19 is a television system, a DSC
(digital scan converter) may be provided between the stor-
age 161 and the output display 19 so that the diagnostic
image data is outputted after a scanning format has been
converted.

[0051] The puncture needle identifier 162 generates image
data for identifying a position of the puncture needle 3,
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performs appropriate processing for the image data to
extract and identify a partial needle image at a position
including a distal end of the puncture needle 3 and colors the
extracted partial needle image of the puncture needle 3. The
puncture needle identifier 162 may share a CPU and a RAM
in the image processor 16, or may include a dedicated CPU
and RAM. Alternatively, the puncture needle identifier 162
may perform various types of processing using the CPU and
the RAM in the controller 11. The puncture needle identifier
162 can store and hold distal end position information of the
identified puncture needle 3 as a history.

[0052] Examples of a method for identifying a position of
the puncture needle 3 include a method for finding from
ultrasound image data in a plurality of frames a difference
and a correlation among the frames to generate movement
evaluation information representing evaluation of move-
ment, calculating a movement speed of a distal end of the
puncture needle, and detecting a position of the distal end of
the puncture needle from the movement speed of the distal
end of the puncture needle and the movement evaluation
information, to identify a position of the puncture needle
including the distal end, as described in Japanese Patent No.
6123458. A method for estimating a subsequent position of
a distal end of a puncture needle 3 based on a movement
history of the distal end, and detecting the distal end based
on the estimated position, to identify a position of the
puncture needle including the distal end may be used. A
method for an operator selecting one of contour candidates
first obtained by performing contour detection using an input
operation to the operation input unit 18 and detecting a
contour similar to the selected contour candidate, to detect
a position of the puncture needle based on the abovemen-
tioned estimated position may be used.

[0053] The operation input unit 18 includes a push button
switch, a keyboard, a mouse, or a trackball or their combi-
nations, and converts a user’s input operation into an opera-
tion signal and inputs the operation signal to the ultrasound
diagnostic apparatus body 1.

[0054] The output display 19 includes a display screen
using any one of various display systems such as an LCD
(liquid crystal display), an organic EL (electro-luminescent)
display, an organic EL display, a plasma display, and a CRT
(cathode ray tube) display and a driver for the display
screen. The output display 19 generates a control signal
outputted from the CPU and a driving signal of a display
screen (each display pixel) according to the image data
generated by the image processor 16, and displays measure-
ment data based on a menu, a status, and a received
ultrasound relating to ultrasound diagnosis on the display
screen. The output display 19 may be configured to display
the presence or absence of turn-on of power by separately
including an LED (light emitting diode) lamp, for example.

[0055] The operation input unit 18 and the output display
19 may be provided to be integrated with a housing of the
ultrasound diagnostic apparatus body 1, or may be attached
to the outside via an RGB cable, a USB (universal serial bus)
cable, an HDMI (high-definition multimedia interface) cable
(registered trademark: HDMI), or the like. If the ultrasound
diagnostic apparatus body 1 is provided with an operation
input terminal and a display output terminal, the operation
input unit 18 and the output display 19 may be used by
respectively connecting conventional peripheral devices for
operation and for display to the terminals.
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[0056] The ultrasound probe 2 functions as an acoustic
sensor which transmits ultrasound (approximately 1 to 30
MHz) and emits the transmitted ultrasound to a subject such
as a living body while receiving a reflection wave (echo)
reflected on the subject among the emitted ultrasound and
converting the received reflection wave into an electrical
signal.

[0057] The ultrasound probe 2 includes a plurality of
transducers 210 which transmit and receive ultrasound, a
plurality of switching elements 230 respectively correspond-
ing to the transducers 210, and a switching setter 24.
Although the ultrasound probe 2 is here explained as an
ultrasound probe which emits the ultrasound into the subject
from the outside (a body surface) and receives its reflection
wave, examples of the ultrasound probe 2 include an ultra-
sound probe having a size and a shape used by being inserted
into a digestive tube or a blood vessel or a body cavity, for
example. The operator performs ultrasound diagnosis by
making a transmission/receiving surface of the ultrasound in
the ultrasound probe 2, i.e., a surface in a direction in which
the ultrasound is emitted from the transducers 210 contact
the subject at predetermined pressure to operate the ultra-
sound diagnostic apparatus U.

[0058] The number of transducers of the transducers 210
is optionally set. Although an electronic scan probe using a
linear scanning method is adopted for the ultrasound probe
2 in the present embodiment, either one of an electronic
scanning method and a mechanical scanning method may be
adopted, or any one of a linear scanning method, a sector
scanning method, and a convex scanning method can also be
adopted.

[0059] The transducers 210 are a plurality of transducers
each including a piezoelectric element including a piezo-
electric body and electrodes provided at both ends where a
charge appears by deformation (expansion and contraction)
of the piezoelectric body.

[0060] When a voltage pulse as a driving signal is supplied
to each of the plurality of the transducers 210, the piezo-
electric body in the transducer to which the voltage pulse has
been supplied deforms (expands and contracts) in response
to an electric field occurring in the piezoelectric body so that
ultrasound is transmitted. The transmitted ultrasound is
emitted in a position and a direction corresponding to a
position and a direction of the transducers 210 included in
each of a predetermined number of transducer columns to
which the voltage pulse has been supplied, a focusing
direction of the transmitted ultrasound, and the magnitude of
a shift in timing (a delay). When ultrasound (a reflection
wave on the subject) in a predetermined frequency band is
incident in one of the transducers 210, the thickness of the
piezoelectric body varies (vibrates) with sound pressure of
the ultrasound so that a charge corresponding to an amount
of the variation occurs. The charge is converted into an
electrical signal corresponding to an amount of the charge,
and the electrical signal is outputted as a receiving signal.

[0061] The switching setter 24 stores a setting of a trans-
mission/receiving sequence of the transducers 210 for per-
forming transmission/receiving of ultrasound in a short axis
direction (elevation direction) in the two-dimensional
arrangement of the transducers 210, and performs an opera-
tion for switching on and off of the switching element 230
corresponding to each of the transducers 210 in response to
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the setting. The transmission/receiving sequence of the
transducers 210 and on/off control of the switching elements
230 will be described below.

[0062] The cable 5 includes a connector (not illustrated) to
the ultrasound diagnostic apparatus body 1 and a connector
(not illustrated) to the ultrasound probe 2, respectively, at
both its ends, and the ultrasound probe 2 is configured to be
detachably attached to the ultrasound diagnostic apparatus
body 1 via the cable 5. The cable 5 may be formed integrally
with the ultrasound probe 2.

[0063] A more detailed configuration and operation of the
ultrasound probe 2 will be described with reference to FIGS.
3 to 6. FIG. 3 is a diagram illustrating an example of an
arrangement of the transducers 210 in the ultrasound probe
2. FIG. 4A is a schematic side view illustrating a parallel
method in ultrasonically guided puncture. FIG. 4B is a
schematic top view illustrating a parallel method in ultra-
sonically guided puncture. FIG. 5A is a schematic side view
illustrating a crossing method in ultrasonically guided punc-
ture. FIG. 5B is a schematic top view illustrating a crossing
method in ultrasonically guided puncture. FIG. 6 is a dia-
gram illustrating a schematic configuration in a short axis
direction of the ultrasound probe 2.

[0064] As illustrated in FIG. 3, in the ultrasound diagnos-
tic apparatus U, the transducers 210 are a plurality of
transducers arranged in a matrix shape within a two-dimen-
sional plane (which may not be a flat surface) defined by a
predetermined lateral direction (scanning direction) and an
elevation direction perpendicular to the lateral direction.
Generally, the number of arrangements of the transducers
210 in the lateral direction is larger than the number of
arrangements of the transducers 210 in the elevation direc-
tion, and the lateral direction and the elevation direction are
respectively a long axis direction and a short axis direction.
The transducers 210 include transducer groups in three
columns (columns a, b, and ¢) in the short axis direction, and
transducers in a plurality of stages (stages 1, 2, .. . ) are
arranged in the long axis direction in each of the columns.
The transducer group in the column a is conveniently
represented as transducers VA. Similarly, the transducer
groups in the columns b and ¢ are conveniently represented,
respectively, as transducers VB and VC. The one transducer
in the stage x and the column y is represented as a transducer
Vxy.

[0065] If a normal B mode (tomographic) image is gen-
erated, ultrasound is transmitted and received while the
transducers to be driven are sequentially shifted in the long
axis direction using the transducers VB in the column b.
[0066] A parallel method and a crossing method will be
described as a puncture method for the puncture needle 3 in
ultrasonically guided puncture with reference to FIGS. 4A to
5B.

[0067] As illustrated in FIG. 4A, the parallel method is a
method for inserting the puncture needle 3 parallel to a
scanning surface in the long axis direction of the ultrasound
probe 2 into a target (target side) T, for example, acquiring
tissues by puncturing at a depth D1 in a subject SU, as
viewed from a cross section (side surface) of the subject SU.
As illustrated in FIG. 5A, the crossing method is a method
for inserting the puncture needle 3 in a direction crossing the
scanning surface in the long axis direction of the ultrasound
probe 2 into the target T in the subject SU, as viewed from
the cross section (side surface) of the subject SU. The
parallel method and the crossing method are differently used
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depending on uses. Although it may be determined which of
the methods is to be used depending on a site to be punctured
and a purpose of puncture, the method may be selected by
an empirical value of an operator such as a doctor or an
engineer.

[0068] In the parallel method, if the puncture needle is
inserted, the puncture needle 3 is inserted into the subject SU
from a long axis end of the ultrasound probe 2, and is
inserted toward a depth within a tomographic plane formed
by the puncture needle 3 in the long axis direction as the one
column corresponding to the transducers VB. If the puncture
needle 3 deviates in the short axis direction from the inside
of the tomographic surface in this case, the puncture needle
3 is not depicted in a conventional ultrasound diagnostic
apparatus.

[0069] In the crossing method, the puncture needle 3 is
obliquely inserted at an angle , into the subject SU from the
short axis side of the ultrasound probe 2, and is inserted into
the target T at a depth D2 directly below the ultrasound
probe 2 from a position spaced by a distance D3 apart from
the target T. When a general ultrasound probe is used in a
conventional crossing method, even if a puncture needle 3,
which has been inserted into a body surface, reaches a
significant depth, the puncture needle 3 is not displayed on
an ultrasound image, and an image of the puncture needle
first appears in the ultrasound image immediately near a
target T. Therefore, it is difficult to know whether the
inserted puncture needle 3 advances in a correct direction.
[0070] In the present embodiment, the puncture needle 3
is captured in a wide region in both the parallel method and
the crossing method. Accordingly, a frame of an ultrasound
image by the transducers VA and a frame of an ultrasound
image by the transducers VC are obtained in addition to a
frame of the ultrasound image by the transducers VB at the
same time.

[0071] As illustrated in FIG. 4B, in the parallel method,
the puncture needle 3 is inserted in the long axis direction
and the depth direction from a central portion (central point)
C1 in the short axis direction of the long axis end of the
ultrasound probe 2. Generally, in the ultrasound probe 2, a
mark is formed in the central portion C1 in the short axis
direction because the target T is easily aimed at. The
operator inserts the puncture needle 3 into a scanning plane
passing through the central portion C1 of the ultrasound
probe 2 by viewing the ultrasound probe 2 from the top.
However, the puncture needle 3 may shift from a reference
line in the long axis direction of the scanning plane passing
through the central portion C1 of the ultrasound probe 2. An
angle of the shift is set to 6.

[0072] As illustrated in FIG. 5B, in the crossing method,
the puncture needle 3 can also be inserted in the short axis
direction and the depth direction from any position in the
long axis direction of the ultrasound probe 2. The operator
inserts the puncture needle 3 into a surface perpendicular to
the scanning plane of the ultrasound probe 2 by viewing the
ultrasound probe 2 from the top. However, the puncture
needle 3 may shift from a reference line in the short axis
direction of a surface perpendicular to the scanning plane of
the ultrasound probe 2. An angle of the shift is set to 6.
[0073] As illustrated in FIG. 6, the ultrasound probe 2
includes an acoustic lens 220, transducers VA, VB, and VC,
and switches SWA, SWB, and SWC in a switching element
230 respectively corresponding to the transducers VA, VB,
and VC in the short axis direction viewed from the long axis
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end. Tllustration of an acoustic matching layer arranged
between the acoustic lens 220 and the transducers VA, VB,
and VC and a backing material arranged on the opposite side
to the ultrasound emission direction of the transducers VA,
VB, and VC, for example, is omitted.

[0074] The acoustic lens 220 is a lens having an aspherical
shape which makes ultrasound beams (transmission ultra-
sound) respectively emitted from the transducers VA, VB,
and VC focus. The acoustic lens 220 includes a lens portion
221A through which an ultrasound beam Ba emitted from
the transducers VA passes, a lens portion 221B through
which an ultrasound beam Bb emitted from the transducers
VB passes, and a lens 221C through which an ultrasound
beam Bc emitted from the transducers VC passes.

[0075] The switch SWA is a switch which can indepen-
dently turn on and off input of a driving signal to each of the
transducers in the transducers VA from the transmission/
receiving switcher 14 and output of a receiving signal via the
switching setter 24 and the cable 5. The switch SWB is a
switch which can independently turn on and off input of a
driving signal to each of the transducers in the transducers
VB from the transmission/receiving switcher 14 and output
of a receiving signal via the switching setter 24 and the cable
5. The switch SWC is a switch which can independently
turned on and off input of a driving signal to each of the
transducers in the transducers VC from the transmission/
receiving switcher 14 and output of a receiving signal via the
switching setter 24 and the cable 5.

[0076] In the present embodiment, the transducers VA,
VB, and VC are arranged such that the ultrasound beams Ba,
Bb, and Bc do not substantially overlap one another to a
certain depth and a gap is not formed among the ultrasound
beams Ba, Bb, and Be.

[0077] A short axis width of the transducers VB has a
width wide enough to withstand normal ultrasound scan-
ning. The lens portion 221B in the acoustic lens 220, which
covers the transducers VB, has a beam formation capability
usable for normal ultrasound scanning. Respective short axis
widths of the transducers VA and VC each have a width wide
enough to sufficiently obtain a reflection wave (echo) of the
inserted puncture needle 3, although the widths may be
narrower than that of the transducers VB. Although the lens
portions 221A and 221C in the acoustic lens 220, which
respectively cover the transducers VA and VC, each desit-
ably have such an aspherical shape that its radius of curva-
ture becomes larger than that of the lens portion 221B, an
obliquely flat shape can also be used. Although a shape,
which is not oblique but is flat, is not entirely disapproved,
the shape may be desirably oblique when fusion with the
ultrasound beam Bb by the transducers VB, described
below, is considered. A lens shape of the lens portion 221B
may be an aspherical shape in an advantage that the lens
portion 221B can be smoothly connected to the lens portions
221A and 221C if an inconvenience (e.g., a side robe
becomes large) does not arise in normal ultrasound scan-
ning.

[0078] To accurately capture a position of the puncture
needle 3, positions respectively occupied by the ultrasound
beams Ba, Bb, and Bc transmitted and received by the
transducers VA, VB, and VC are desirably exclusive. The
positions occupied by the ultrasound beams Ba, Bb, and Be
are easily determined by being exclusive because the reflec-
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tion wave (echo) from the puncture needle 3 is included in
only a reflection wave from any one of the transducers VA,
VB, and VC.

[0079] However, directivity of the ultrasound beam has a
shape having a smooth skirt. Thus, the ultrasound beams Ba,
Bb, and Be overlap one another in the skirt. Accordingly, the
ultrasound beams Ba, Bb, and Be are not completely exclu-
sive.

[0080] As a peak of the ultrasound beam in the short axis
direction, a peak of the ultrasound beam Bb by the trans-
ducer VB is desirably used as a reference. However, if the
respective short axis widths of the transducers VA and VC
are narrower than the short axis width of the transducer VB,
for example, it is assumed that respective heights of the
ultrasound beams Ba and Be become lower than a height of
the peak of the ultrasound beam Bb. A difference between
the heights of the ultrasound beams can be previously found
by calculation, and can be corrected using a calculation
value. Making the respective heights of peaks of the direc-
tivity of the ultrasound beams by the transducers VA and VC
equal to the height of the directivity of the ultrasound beam
by the transducers VB may be performed. If the transducers
greatly differ in sensitivity, a needle position can thus be
accurately captured. Since a difference in sensitivity among
the transducers occurs depending on a depth, correction may
be performed if the difference is large.

[0081] An appropriate shape of the acoustic lens 220 in the
present embodiment will be described below. First, consider
a configuration in which the transducers VA, VB, and VC are
covered with an acoustic lens having a shape to which a
normal short axis lens is merely connected. In this case, the
respective ultrasound beams from the transducers VA, VB,
and VC have parallel directivity. However, the ultrasound
beam by the transducers VB thins from the vicinity of the
transducers VB toward a focus. That is, the ultrasound
beams by the transducers VA and VC need to fill the right
and the left of the ultrasound beam, which thins, by the
transducers VB (have directivity). When in directivity
between the ultrasound beam by the transducers VA and the
ultrasound beam by the transducers VB, or directivity
between the ultrasound beam by the transducers VC and the
ultrasound beam by the transducers VB, there is a gap
(strictly, a zone where respective sensitivities of both the
ultrasound beams are low), the puncture needle 3 becomes
difficult to be captured when positioned in the gap. There-
fore, the acoustic lens 220 desirably has such a lens shape
that the ultrasound beam by the transducers VA and the
ultrasound beam by the transducers VC deflect inward.
[0082] However, when the respective ultrasound beams by
the transducers VA and VC respectively focus at shallow
positions close to the transducers VA and VC, the inserted
puncture needle 3 does not easily enter the ultrasound
beams, i.e., cannot be captured in the puncture using the
crossing method. When considered from the foregoing, the
respective ultrasound beams by the transducers VA and VC
desirably focus at a deep position or does not focus, although
they deflect.

[0083] If the acoustic lens having such a lens shape that
the ultrasound beam by the transducers VA and the ultra-
sound beam by the transducers VC deflect inward is used, as
a depth increases, the respective ultrasound beams by the
transducers VA and VC overlap the ultrasound beam at the
center by the transducers VB so that the position of the
puncture needle 3 cannot be determined. Therefore, the
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respective ultrasound beams by the transducers VA, VB, and
VC are desirably separated from one another such that a
deflection angle is not made too large and the position of the
puncture needle 3 can be determined up to a depth at which
there is no clinical problem.

[0084] To which depth the ultrasound beams are separated
from one another depends on a diagnostic site. However, the
ultrasound beams can be desirably separated from one
another up to 25 to 30 [mm] when a high-frequency linear
probe is used as the ultrasound probe 2, for example.
Examples of a shape of the acoustic lens matching the
abovementioned condition include a lens shape of the acous-
tic lens 220 having the aspherical shape as illustrated in FIG.
6. The acoustic lens 220 has a shape in which a curvature is
strong (a radius of curvature is small) in the lens portion
221B corresponding to the transducers VB and a curvature
is weak (a radius of curvature is large) in the lens portions
221A and 221C corresponding to the transducers VA and
VC.

[0085] Although the acoustic lens 220 is used, as illus-
trated in FIG. 6, in the parallel method, if the switch SWB
is turned on and the switches SWA and SWC are turned off,
ultrasound is transmitted and received using the transducers
VB. However, for an operation in this case, the transmission
and receiving of the ultrasound do not differ from transmis-
sion and receiving of ultrasound by a conventional ultra-
sound diagnostic apparatus.

[0086] If the switch SWA is turned on and the switches
SWB and SWC are turned off, ultrasound is transmitted and
received using the transducers VA. However, the lens por-
tion 221A corresponding to the transducers VA has a sub-
stantially oblique aspherical shape. Accordingly, a transmis-
sion/receiving beam of the ultrasound deflects toward the
center of the transducers, and an intersection between the
transmission/receiving beam and a center line is at a position
farther than a focusing point of the lens portion 221B
corresponding to the transducers VB. If the lens portions
221A and 221C are respectively provided with curvatures,
the curvatures are each desirably such a curvature that the
transmission/receiving beam focuses in the vicinity of the
intersection. The transmission/receiving beams of the ultra-
sound respectively formed by the acoustic lens 220 and the
transducers VA, VB, and VC do not overlap one another to
a desired depth, and a gap (a dead angle on sensing) is not
formed among the transmission/receiving beams. In the
present embodiment, not only a tomographic image using
the transducers VB but also tomographic images respec-
tively using the transducers VA and VC are formed in the
parallel method. Accordingly, a puncture needle, which has
deviated from a surface of the tomographic image using the
transducers VB, can be captured.

[0087] For the crossing method, in the ultrasound probe 2
according to the present embodiment, the target T in the
subject SU is within the tomographic image using the
transducers VB, as illustrated in FIG. 5A. On the other hand,
the inserted puncture needle 3 can be captured much faster
than when a normal ultrasound probe is used in the tomo-
graphic image using the transducers VA (or the transducers
VC). Thus, if the crossing method according to the present
embodiment is performed, a position of the puncture needle
3 can be confirmed significantly before the target T, and
puncture work can be made easy.

[0088] A transmission/receiving sequence of the transduc-
ers 210 according to the present invention will be described
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below with reference to FIG. 3. As described above, in a
configuration using the acoustic lens 220, the transducers
VA, VB, and VC, and the switches SWA, SWB, and SWC,
ultrasound is transmitted and received using the transducers
VA and VB to obtain a reflection wave (echo) of the puncture
needle 3, which has deviated from the ultrasound beam Bb
formed by the transducers VB. However, transducers Vla,
V1b, Vlc, V2a, V2b, V2¢, V3a, V3b, V3c, . . . can be
subjected in this order to scanning (ultrasound transmission/
receiving) in this case, for example.

[0089] The scanning sequence is stored in the switching
setter 24.
[0090] However, the number of times of transmission/

receiving increases to three times in this case. Accordingly,
a frame rate for B mode tomographic image display
decreases to one-third. Therefore, the transducers Vla, V15,
Ve, V2b, V3a, V3b, V3¢, Vb, V5a, V8b, V5¢, . . . are
scanned in this order, for example, by thinning out the
scanning of the transducers VA and VC for capturing the
puncture needle 3 so that the frame rate can be inhibited
from decreasing. Although a case where one transducer is
used for scanning in the long axis direction for simplicity has
been described above, a plurality of transducers are actually
used to form a transmission/receiving beam in the long axis
direction. In addition, an already known method for increas-
ing the frame rate by using parallel receiving in the long axis
direction, for example, can also be applied.

[0091] An operation of the ultrasound diagnostic appara-
tus U will be described below with reference to FIGS. 7 to
U. FIG. 7 is a flowchart illustrating puncture needle image
display processing. FIG. 8A is a schematic top view of the
ultrasound probe 2, illustrating the shift angle 0 of the
puncture needle 3 in the parallel method. FIG. 8B is a
diagram illustrating a composite ultrasound image 31 in the
parallel method. FIG. 8C is a diagram illustrating boundary
lines L1 and 1.2 among the ultrasound beams Ba, Bb, and
Be. FIG. 9A is a schematic top view of the ultrasound probe
2, illustrating the shift angle 6 of the puncture needle 3 in the
crossing method. FIG. 9B is a diagram illustrating a com-
posite ultrasound image 32 in the crossing method. FIG.
10A is a diagram illustrating a composite display screen 50.
FIG. 10B is a schematic top view of the ultrasound probe 2
after shift angle adjustment. FIG. 11 is a schematic top view
of the ultrasound probe 2, illustrating a threshold angle 6¢.
[0092] Puncture needle image display processing per-
formed by the ultrasound diagnostic apparatus U will be
described with reference to FIG. 7. The puncture needle
image display processing is processing for subjecting, when
an operator such as a doctor or an engineer performs
puncture work for inserting the puncture needle 3 into the
target T as an object the tissue of which is to be acquired by
puncturing the subject SU, for example, a B mode tomo-
graphic image of the puncture needle 3 within the subject to
live display to assist in the puncture work.

[0093] An operator such as a doctor or an engineer pre-
viously waits in a consultation room where the ultrasound
diagnostic apparatus U is provided, and a patient as the
subject SU enters the consultation room and lies down on a
bed, and is ready for puncture work using the puncture
needle 3, for example. In the ultrasound diagnostic apparatus
U, the controller 11 performs puncture needle image display
processing according to a puncture needle image display
program stored in the ROM using receiving of respective
instructions to input various types of setting information
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such as a frame rate in the puncture needle image display
processing and execute the puncture needle image display
processing from the operator via the operation input unit 18
as a trigger.

[0094] First, the controller 11 accepts input of the puncture
method (the parallel method or the crossing method) from
the operator via the operation input unit 18.

[0095] The controller 11 starts to cause the transmission
driver 12 to generate a driving signal and input the driving
signal to each transducer of the transducers VA, VB, and VC
by switching the switching element 230 corresponding to the
transmission/receiving sequence stored in the switching
setter 24 via the transmission/receiving switcher 14 to emit
transmission ultrasound and receive reflection ultrasound
(echo), and causes the receiving processor 13 to acquire a
receiving signal via the transmission/receiving switcher 14
(step S11). As the receiving signal obtained in step S11,
receiving signals for each frame at the same time respec-
tively corresponding to the transducers VA, VB, and VC are
acquired in order corresponding to the transmission/receiv-
ing sequence.

[0096] The controller 11 causes the image generator 15 to
generate B mode image data in one frame from the receiving
signal corresponding to the transducers VA inputted from the
receiving processor 13 in step S11 (step S12). The controller
11 causes the puncture needle identifier 162 to extract a
partial needle image of the puncture needle 3 from B mode
image data corresponding to the transducers VA generated in
step S12 (discard a portion other than the partial needle
image) (step S13). The controller 11 causes the puncture
needle identifier 162 to color the partial needle image in the
image data generated in step S13 in a red color representing
the transducers VA (step S14).

[0097] The controller 11 causes the image generator 15 to
generate B mode image data in one frame from the receiving
signal corresponding to the transducers VC inputted from
the receiving processor 13 in step S11 (step S15). The B
mode image data generated in step S15 becomes a frame at
the same time as the B mode image data generated in step
S12. The controller 11 causes the puncture needle identifier
162 to extract a partial needle image of the puncture needle
3 from the B mode image data corresponding to the trans-
ducers VC generated in step S15 (step S16). The controller
11 causes the puncture needle identifier 162 to color the
partial needle image in the image data generated in step S16
in a green color representing the transducers VC (step S17).
[0098] The controller 11 causes the image generator 15 to
generate B mode image data in one frame from the receiving
signal corresponding to the transducers VB inputted from
the receiving processor 13 in step S11 (step S18). The B
mode image data generated in step S18 becomes a frame at
the same time as the B mode image data respectively
generated in steps S12 and S15. The controller n causes the
puncture needle identifier 162 to extract a partial needle
image of the puncture needle 3 from the B mode image data
corresponding to the transducers VB generated in step S18
(step S19). The controller 11 causes the puncture needle
identifier 162 to color the partial needle image in the image
data generated in step S19 in a blue color representing the
transducers VB (step S20).

[0099] In steps S14, S17, and S20, which of the transduc-
ers VA, VB, and VC has obtained the partial needle image
is determined by making display colors as the type of
representation different. A combination of the display colors
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in steps S14, S17, and S20 is one example, and is not limited
to this. For example, a gradation like green-blue-violet may
be used. Further, the type of representation which can be
identified for each of the partial needle images may be
changed to another type. Examples of the representation
which can be identified for each of the partial needle images
may include a configuration in which the partial needle
images are made different in saturation and luminance, a
configuration in which the partial needle images are made
different in presence or absence of flashing, gap, and the
like, or a configuration obtained by combining a plurality of
types of representations.

[0100] In steps S11, S12, S15, and S18, processing cor-
responding to each of the types of setting information first
inputted is performed. A configuration in which various
types of setting information are changed and inputted, as
needed, from the operator via the operation input unit 18
during execution of the puncture needle image display
processing may be used. A configuration in which the
respective representations (display colors) of the partial
needle images in steps S14, S17, and S20 are inputted as
various types of setting information from the operator via
the operation input unit 18 may be used.

[0101] After step S18 is executed, the controller n causes
the image generator 15 to acquire the normal B mode image
data in one frame generated in step S11 (step S21). The
controller 11 causes the image processor 16 to synthesize the
partial needle image in red generated in step S14, the partial
needle image in green generated in step S17, the partial
needle image in blue generated in step S20, and the B mode
image data in one frame acquired in step S21, to generate
composite ultrasound image data in one frame (step S22).

[0102] The controller 11 calculates the shift angle 6 of the
puncture needle 3 to correspond to the puncture method
inputted in step S10 from the composite ultrasound image
data generated in step S22 or each of the image data
generated in steps S14, S17, and S20 (step S23). If boundary
positions on boundary surfaces among the respective partial
needle images in the colors can be calculated, as described
below, the shift angle 6 can be found. The composite
ultrasound image data generated in step S22 includes the
partial needle images in all the colors, and the boundary
positions among the partial needle images in the colors can
be acquired. The boundary positions among the partial
needle images in the colors can also be acquired from each
of the respective image data including the partial needle
images in the colors before the synthesis generated in steps
S14, 817, and S20. When the shift angle 6 is calculated from
each of the image data generated in steps S14, S17, and S20,
step S23 may be moved to be executed immediately before
step S22.

[0103] A method for calculating the shift angle 6 of the
puncture needle 3 corresponding to the parallel method will
be described with reference to FIGS. 8A to 8C. As illustrated
in FIG. 8A, the puncture needle 3 is inserted into the central
portion C1 in the short axis direction of the long axis end in
the ultrasound probe 2 in the parallel method. An x-axis is
defined in the long axis direction of the ultrasound probe 2,
a y-axis is defined in the short axis direction of the ultra-
sound probe 2, and a z-axis is defined in a depth direction
perpendicular to the x-axis and the y-axis.

[0104] A shift angle 8 between a reference line LO in an
x-axis direction passing through the central portion C1 and
the puncture needle 3 can be calculated using a length X in
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the x-axis direction from the central portion C1 to any point
PO on the puncture needle 3 and a length Y in a y-axis
direction from the central portion C1.

[0105] As an example, a method for calculating the shift
angle 0 of the puncture needle 3 corresponding to the
parallel method when the composite ultrasound image data
in the parallel method generated in step S22 represents a
composite ultrasound image 31 illustrated in FIG. 8B will be
described. The composite ultrasound image 31 includes a
needle image 41 of the puncture needle 3 inserted from the
central portion C1. The needle image 41 includes a blue
partial needle image 415 and a green partial needle image
41g. In the composite ultrasound image 31 illustrated in
FIG. 8B, the blue color is represented by a “lattice pattern”,
and the green color is represented by “hatching. The same is
true for FIG. 9B. A boundary point between the blue partial
needle image 415 and the green partial needle image 41g is
set to a boundary point P10 (X10, Z10).

[0106] To find a value of Y (equal to Y10) corresponding
to the boundary point P10 (X10, 7Z10), boundary lines 1.1
and L2 for identifying colors illustrated in FIG. 8C are used.
The boundary line L1 is simply expressed by y=az-b, and is
set as a straight line on a boundary surface between an
ultrasound beam corresponding to the red color by the
transducer VA and an ultrasound beam corresponding to the
blue color by the transducer VB. The boundary line L2 is
simply expressed by y=—az+b, and is set as a straight line on
a boundary surface between the ultrasound beam corre-
sponding to the blue color by the transducer VB and an
ultrasound beam corresponding to the green color by the
transducer VC. At this time, the central portion C1 in the
short axis direction is set as an origin.

[0107] In this case, a slope a generally affects a curvature
of an acoustic lens, for example. An intercept b depends on
a division width of a transducer in a short axis direction and
a position on a boundary surface for identifying colors, for
example. Accordingly, the slope a and the intercept b are
previously measured or theoretically calculated to set their
respective values. Although simply expressed by linear
equations, the boundary lines .1 and .2 may be respectively
expressed by more complicated equations, for example, may
change depending on a depth.

[0108] The controller 11 substitutes X10 and Z10 at the
boundary point P10 of a boundary between the blue color
and the green color of the composite ultrasound image 31
into the boundary line L.2 (y=-az+b) between the blue color
and the green color, to calculate a value of y (Y10) and
calculate the shift angle 8 of the puncture needle 3 by the
following equation (1) using X10 and Y10, for example:

B—tan~! (¥10/X10) )

[0109] A method for calculating the shift angle 6 of the
puncture needle 3 corresponding to the crossing method will
be described with reference to FIGS. 9A and 9B. As illus-
trated in FIG. 9A, the puncture needle 3 is inserted from any
position in the long axis direction in the ultrasound probe 2
in the crossing method. An x-axis, a y-axis, and a z-axis are
defined, like in FIG. 8A.

[0110] A shift angle 0 between a reference line 1.3 in the
y-axis direction and the puncture needle 3 can be calculated
using two boundary points for identifying colors of a needle
image of the puncture needle 3 in an ultrasound image.
However, the shift angle 0 of the puncture needle 3 in the
crossing method presupposes that partial needle images of
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the puncture needle 3 in the ultrasound image are respec-
tively in three colors, a red color, a blue color, and a green
color (the puncture needle 3 passes through a boundary
surface between the red color and the blue color and a
boundary surface between the blue color and the green
color).

[0111] As an example, a method for calculating the shift
angle 6 of the puncture needle 3 corresponding to the
crossing method when the composite ultrasound image data
in the crossing method generated in step S22 represents a
composite ultrasound image 32 illustrated in FIG. 9B will be
described. The composite ultrasound image 32 includes the
needle image 42 of the inserted puncture needle 3. The
needle image 42 includes a red partial needle image 427, a
blue partial needle image 425, and a green partial needle
image 42¢g. In the composite ultrasound image 32 illustrated
in FIG. 9B, the red color is represented by a “shading (dot)
pattern”. A boundary point between the red partial needle
image 427 and the blue partial needle image 424 is set as a
boundary point P1 (X1, Z1). A boundary point between the
blue partial needle image 425 and the green partial needle
image 42¢ is set as a boundary point P2 (X2, 72).

[0112] To find a value of Y (equal to Y1) corresponding to
the boundary point P1 (X1, 7Z1) and a value of Y (equal to
Y2) corresponding to the boundary point P2 (X2, 72), the
boundary lines L1 and [.2 for identifying colors illustrated in
FIG. 8C are used. For example, a point corresponding to the
central portion Cl in the short axis direction is set as an
origin, like in the parallel method. Although simply
expressed by linear equations, the boundary lines L1 and .2
may be respectively expressed by more complicated equa-
tions, for example, may change depending on a depth.
[0113] For example, the controller 11 substitutes X1 and
71 at the boundary point Pb of the boundary between the red
color and the blue color of the needle image 42 in the
composite ultrasound image 32 into the boundary line L1
(y=az-b) between the red color and the blue color, to
calculate a value of y (=Y1), substitutes X2 and 72 at the
boundary point P2 between the blue color and the green
color of the needle image 42 into the boundary line L2
(y=-az+b) between the blue color and the green color, to
calculate a value of y (=Y2), and calculates the shift angle
8 of the puncture needle 3 by the equation (2) using X1, Y1,
X2, and Y2:

f=tan"'(IX1-X21/IY1-¥2I) @

[0114] Although the shift angle 8 of the puncture needle 3
is calculated using the method for calculating the shift angle
0 of the puncture needle 3 corresponding to the puncture
method (the parallel method or the crossing method) input-
ted in step S10 in step S23, the present invention is not
limited to this. In step S23, the controller 11 may be
configured to automatically judge the puncture method from
the composite ultrasound image data generated in step S22
or each of the image data generated in steps S14, S17, and
S20 and calculate the shift angle 0 of the puncture needle 3
using the method for calculating the shift angle 6 corre-
sponding to the judged puncture method. In the configura-
tion in which the puncture method is automatically judged,
step S10 may be omitted.

[0115] As a first judgment method for automatically judg-
ing the puncture method, the controller n inserts the puncture
needle 3 while judging the puncture method in response to
respective color information of the partial needle images of



US 2019/0307515 Al

the composite ultrasound image data generated in step S22
or each of the image data generated in steps S14, S17, and
S20 as a frame including the partial needle images first in
time. More specifically, the controller 11 judges the puncture
method as the parallel method because the puncture needle
3 is inserted into the central portion C1 when the color
information of the partial needle image obtained first in time
is the blue color and judges the puncture method as the
crossing method because the puncture needle 3 is inserted
from the side of a short axis end of the ultrasound probe 2
when the color information is the red color or the green
color. The color information of the partial needle image
obtained first in time is stored in the RAM or the storage 161
in the controller 11, and is also used in the judgment of the
puncture method in subsequent frames, for example. For
example, the puncture method is judged as the parallel
method because the partial needle image 415 appears first in
time in a case of the composite ultrasound image 31 illus-
trated in FIG. 8B and is judged as the crossing method
because the red partial needle image 427 appears first in time
in a case of the composite ultrasound image 32 illustrated in
FIG. 9B.

[0116] As a second judgment method for automatically
judging the puncture method, the controller n judges the
puncture method as the parallel method when the linear
partial needle image extends from a left end or a right end
of the ultrasound image from the composite ultrasound
image data generated in step S22 or each of the image data
generated in steps S14, 17, and S20 and judges the puncture
method as the crossing method when the linear partial
needle image does not extend from the left end or the right
end of the ultrasound image and is positioned in a central
portion of the ultrasound image. For example, in the com-
posite ultrasound image 31 illustrated in FIG. 8B, the
puncture method is judged as the parallel method because
the linear needle image 41 extends from a right end of the
composite ultrasound image 31. In the composite ultrasound
image 32 illustrated in FIG. 9B, the puncture method is
judged as the crossing method because the linear needle
image 42 does not extend from a left end or a right end of
the composite ultrasound image 32 but is positioned in a
central portion of the composite ultrasound image 32.

[0117] Referring to FIG. 7 again, after step S23 is
executed, the controller 11 generates shift angle image data
representing the shift angle 8 calculated in step S23 (step
S24). An example of the shift angle image data generated in
step S24 will be described with reference to FIG. 10A. The
shift angle image data includes a shift angle image 60 in a
composite display screen 50, described below. The shift
angle image 60 includes an ultrasound probe image 61, a
puncture needle image 62, and a shift angle 63. The ultra-
sound probe image 61 is a schematic plan view of the
ultrasound probe 2 viewed from the top (from the side of the
cable 5). The puncture needle image 62 is a needle image
representing an insertion direction (and an insertion posi-
tion) of the puncture needle 3 viewed from the top corre-
sponding to the ultrasound probe image 61. The puncture
needle image 62 is a puncture needle image in the parallel
method as an example.

[0118] The shift angle 63 is an image including a numeri-
cal value of the shift angle 0 calculated in step S24 and a
rotation arrow for setting the shift angle 6 to zero and
represents a shift angle of the puncture needle image 62 from
a reference line of the ultrasound probe image 61 (a line
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passing through a central portion in the short axis direction
of a long axis end and parallel to the short axis direction in
the parallel method, illustration of which is omitted).
[0119] Referring to FIG. 7 again, after step S24 is
executed, the controller 11 synthesizes the composite ultra-
sound image data corresponding to one frame generated in
step S22 and the shift angle image data generated in step
S24, to generate composite display screen data and display
the generated composite display screen data on the output
display 19 (step S25). In step S25, composite display screen
data for displaying the composite display screen 50 illus-
trated in FIG. 10A is generated, for example. The composite
display screen 50 includes a composite ultrasound image 33
of the composite ultrasound image data including the needle
image in a maximum of three colors generated in step S22
and the shift angle image 60 in the shift angle image data
generated in step S24.

[0120] The operator who has referred to the displayed shift
angle image 60 can rotate and shift the ultrasound probe 2
in a direction indicated by a rotation arrow viewed from the
top to set the shift angle 0 to zero degrees with the puncture
needle 3 fixed, as illustrated in FIG. 10B. However, the
operator who has referred to the displayed shift angle image
60 can also insert the puncture needle 3 again to set the shift
angle 0 to zero degrees with the ultrasound probe 2 fixed as
viewed from the top.

[0121] Referring to FIG. 7 again, after step S24 is
executed, the controller 11 judges whether or not the shift
angle 6 of the puncture needle 3 to the reference line
calculated in step S23 is less than the threshold angle 0, in
the parallel method or the crossing method previously set
(step S26). The threshold angle 0, is a threshold angle for
judging whether or not the shift angle 6 of the puncture
needle 3 is large enough to require a warning. Threshold
angles are separately prepared, respectively, in the parallel
method and the crossing method.

[0122] As illustrated in FIG. 11, when the ultrasound
probe 2 is viewed from the top in the parallel method, the
controller 11 judges whether or not the shift angle 6 corre-
sponding to the puncture needle 3 is less than the threshold
angle 0. The threshold angle 0, is stored in a nonvolatile
memory such as the HDD in the controller 11, and is read out
and used, for example. The threshold angle 8, stored in the
nonvolatile memory may be changed, as needed, depending
on input by the operator via the operation input unit 18.
[0123] Ifthe shift angle O is the threshold angle 0, or more
(YES in step S26), the controller 11 generates alarm infor-
mation for warning that the shift angle 6 of the puncture
needle 3 is the threshold angle 6, or more and displays the
generated alarm information to the output display 19 (step
S27). After step S27 is executed or if the shift angle 6 is less
than the threshold angle 6, (YES in step S26), the controller
11 judges whether or not puncture needle image display
processing is finished depending on the presence or absence
of input of an instruction to finish the puncture needle image
display processing from the operator via the operation input
unit 18 (step S28). If the puncture needle image display
processing is not finished (NO in step S28). the processing
proceeds to step S11. If the puncture needle image display
processing is finished (YES in step S28), the processing
ends.

[0124] As described above, according to the present
embodiment, the ultrasound diagnostic apparatus U includes
the plurality of transducers respectively arranged in the
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plurality of regions (the transducers VA, VB, and VC) in the
short axis direction and arranged in the long axis direction
in each of the regions, and includes the transmission driver
12 which transmits the driving signal in each of the regions
to the ultrasound probe 2 capable of transmitting and receiv-
ing ultrasound independently in the plurality of regions in
the short axis direction and the receiving processor 13 which
receives the receiving signal in each of the regions from the
ultrasound probe 2. The ultrasound diagnostic apparatus U
includes the image generator 15 which generates the ultra-
sound image data from the received receiving signal in each
of the regions, the image processor 16 which extracts the
image of the puncture needle inserted into the subject from
the generated ultrasound image data in the region, and the
controller 11 which calculates the shift angle 8 of the
puncture needle 3 to the ultrasound probe 2 using boundary
position information of the extracted image of the puncture
needle in the region.

[0125] Therefore, the shift angle of the puncture needle to
the ultrasound probe 2 can be calculated quantitatively,
easily, at low cost, and with high accuracy.

[0126] The controller 11 displays the shift angle image
data representing the calculated shift angle 0 of the puncture
needle 3 on the output display 19. Accordingly, the operator
can confirm the shift angle 0 of the puncture needle 3 by
visual observation using the shift angle image data, can
match an orientation of the ultrasound probe 2 with the
puncture needle 3 by moving the ultrasound probe 2, or can
match an orientation of the puncture needle 3 with the
ultrasound probe 2 by inserting the puncture needle 3 again.
[0127] The controller 11 judges whether or not the calcu-
lated shift angle 6 of the puncture needle 3 is the predeter-
mined threshold angle 8, or more, and causes the output
display 19 to output, if the shift angle 6 of the puncture
needle 3 is the threshold angle 0, or more, warning infor-
mation indicating that the shift angle 6 of the puncture
needle 3 is the threshold angle 8, or more. Accordingly, if
the shift angle 8 of the puncture needle 3 is the threshold
angle 6, or more and is large, the controller 11 can warn the
operator that the shift angle 6 of the puncture needle 3 is the
threshold angle 0, or more and deal with the warning.
[0128] The controller 11 calculates the shift angle 0 of the
puncture needle 3 to the long axis direction (the scanning
plane) of the ultrasound probe 2 viewed from the top.
Accordingly, the operator can easily grasp the shift angle 0
of the puncture needle 3 in the parallel method.

[0129] The controller 11 calculates the shift angle of the
puncture needle to the short axis direction (a plane perpen-
dicular to the scanning plane) of the ultrasound probe 2
viewed from the top. Accordingly, the operator can easily
grasp the shift angle 8 of the puncture needle 3 in the
crossing method.

[0130] The controller 11 calculates the shift angle 6 of the
puncture needle 3 inserted by the parallel method using the
one boundary position information of the extracted image of
the puncture needle 3 in each of the regions and insertion
reference position information of the puncture needle 3 (the
central portion C1 in the short axis direction of the long axis
end of the ultrasound probe 2). Accordingly, the shift angle
0 of the puncture needle 3 in the parallel method can be
calculated easily and with high accuracy.

[0131] The controller 11 calculates the shift angle of the
puncture needle inserted by the crossing method using the
plurality of boundary position information of the respective
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extracted images of the puncture needle 3 in the regions.
Accordingly, the shift angle 6 of the puncture needle 3 in the
crossing method can be calculated easily and with high
accuracy.

[0132] The image processor 16 makes the respective dis-
play colors as the representations of the extracted images of
the puncture needle 3 in the regions different from one
another for each of the regions, and synthesizes the respec-
tive ultrasound image data in the regions including the
partial needle images which are made different in the display
colors, to generate the composite ultrasound image data. The
controller 11 displays the generated composite ultrasound
image data on the output display 19. Accordingly, the
operator can identify the images of the puncture needle 3 by
visual observation for each of the regions, and can easily
judge the position in the short axis direction of the puncture
needle 3.

(Modification)

[0133] A modification to the abovementioned embodiment
will be described with reference to FIGS. 12A and 12B.
[0134] FIG. 12A is a histogram of a shift angle 6 of a
puncture needle 3. FIG. 12B is a diagram illustrating a
history information image 70 of the shift angle.

[0135] In the modification, an ultrasound diagnostic appa-
ratus U is used, like in the abovementioned embodiment, as
an apparatus configuration. However, a nonvolatile memory
such as an HDD in a controller 11 stores a puncture needle
image display program in the modification instead of the
puncture needle image display program in the abovemen-
tioned embodiment.

[0136] Then, an operation of the ultrasound diagnostic
apparatus U will be described. The controller 11 performs
puncture needle image display processing in the modifica-
tion according to the puncture needle image display program
in the modification stored in the nonvolatile memory, like in
the abovementioned embodiment. The puncture needle
image display processing in the modification is substantially
similar to the puncture needle image display processing in
the abovementioned embodiment, and different portions will
be mainly described.

[0137]  After starting to perform the puncture needle image
display processing in the modification, the controller 11 first
accepts input of identification information of an operator
from the operator via an operation input unit 18. Steps S10
to S23 are executed. After step S23 is executed, the con-
troller 11 stores a puncture method and the shift angle 0 of
the puncture needle 3 as history information of the shift
angle of the puncture needle 3 in the nonvolatile memory in
the controller 11 in association with the identification infor-
mation first inputted only when the shift angle 6 of the
puncture needle 3 is first calculated while the puncture
needle image display processing is performed once, for
example. Steps S24 to S28 are executed. The larger the
number of times the puncture needle image display process-
ing in the modification is performed is, the more the history
information of the shift angle of the puncture needle 3 for
each operator stored in the nonvolatile memory in the
controller 11 is.

[0138] The controller 11 is triggered by input of operator
identification information to be displayed in the history
information of the shift angle and an instruction to display
the history information of the shift angle from the operator
via the operation input unit 18, to read out the history
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information of the shift angle corresponding to the inputted
identification information of the operator, generate display
information for the read history information of the shift
angle, and display the generated display information on an
output display 19.

[0139] As the display information for the history informa-
tion of the shift angle, a histogram in which a horizontal axis
and a vertical axis respectively indicate the shift angle 6 of
the puncture needle 3 and a frequency can be displayed, as
illustrated in FIG. 12A, for example. Not the histogram but
a numerical value of the frequency for each shift angle 0 of
the puncture needle 3 may be displayed as the display
information for the history information of the shift angle.
[0140] The display information for the history information
of the shift angle may be set as a history information image
70 of the shift angle, as illustrated in FIG. 12B, for example.
The history information image 70 of the shift angle is shift
angle history information image in a parallel method, and
includes an ultrasound probe image 71 and a puncture
needle image 72. The ultrasound probe image 71 is a
schematic plan view of a ultrasound probe 2 viewed from the
top (from the side of a cable 5). The puncture needle image
72 is a plurality of arrow line images respectively repre-
senting insertion directions corresponding to accumulated
shift angles 0 of the puncture needle 3 when the ultrasound
probe image 71 is viewed from the top. An insertion position
of the puncture needle image 72 is a central portion in a short
axis direction of a long axis end of the ultrasound probe
image 71.

[0141] As described above, according to the modification,
the controller 11 stores the history information of the cal-
culated shift angle 0 of the puncture needle 3 in the non-
volatile memory in the controller 11. The controller 11
displays the stored history information of the shift angle of
the puncture needle on the output display 19 as the histo-
gram, the history information image 70, or the like. Accord-
ingly, the operator can confirm the history information of the
shift angle of the puncture needle 3 by visual observation,
can recognize a habit and a tendency to insert the puncture
needle, and improve a skill in inserting the puncture needle
3.

[0142] The description in the abovementioned embodi-
ment is an example of an appropriate ultrasound diagnostic
apparatus and a puncture needle shift angle calculation
method according to the present invention, and the present
invention is not limited to this.

[0143] Although the ultrasound diagnostic apparatus U is
configured to generate and display the B mode image data as
the ultrasound image data in the abovementioned embodi-
ment, for example, the present invention is not limited to
this. The ultrasound diagnostic apparatus U may be config-
ured to generate and display tomographic image data in
another mode as the ultrasound image data.

[0144] Although the ultrasound probe 2 in which the
plurality of transducers in the long axis direction in three
columns are arranged in the short axis direction has been
described in the abovementioned embodiment, the present
invention is not limited to this. The number of exclusive
regions can also be increased by making the number of
divisions (the number of transducers) in the short axis
direction larger, for example, increasing the three columns to
five columns, seven columns, . . . in the short axis direction
or simultaneously using the plurality of transducers, for
example.
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[0145] Although the respective display colors as the rep-
resentations of the partial images of the puncture needle 3 as
the recognition object imaged in the independent transducers
in the short axis direction are made different from one
another in the embodiment and the modification, described
above, the present invention is not limited to this. As the
representations of the partial images of the puncture needle
3 imaged in the independent transducers in the short axis
direction, other representations such as saturation, lumi-
nance, and flashing may be made different from one another.
[0146] A detailed configuration and a detailed operation of
each of the units constituting the ultrasound diagnostic
apparatus U according to the abovementioned embodiment
can be appropriately changed without departing from the
scope and spirit of the invention.

[0147] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of the appended
claims.

[0148] The entire disclosure of Japanese Patent Applica-
tion No. 2018-075150, filed on Apr. 10, 2018, is incorpo-
rated herein by reference in its entirety.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a transmitter which transmits, to an ultrasound probe
including a plurality of transducers which are arranged
in a plurality of regions in a short axis direction and
arranged in a long axis direction in each of the regions
and can transmit and receive ultrasound independently
in the plurality of regions in the short axis direction, a
driving signal in each of the regions;

a receiver which receives a receiving signal in each of the
regions from the ultrasound probe; and

a hardware processor which generates ultrasound image
data from the received receiving signal in the region,
extracts an image of a puncture needle inserted into a
subject from the generated ultrasound image data in the
region, and calculates a shift angle of the puncture
needle to the ultrasound probe using boundary position
information of the extracted image of the puncture
needle in the region.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the hardware processor displays shift angle
display information representing the calculated shift angle of
the puncture needle on a display.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the hardware processor judges whether or not a
shift angle corresponding to the calculated shift angle of the
puncture needle is a predetermined threshold angle or more,
and outputs, when the shift angle is the predetermined
threshold angle or more, warning information indicating that
the shift angle of the puncture needle is the predetermined
threshold angle or more to an output unit.

4. The ultrasound diagnostic apparatus according to claim

1, wherein the hardware processor calculates the shift angle
of the puncture needle to the long axis direction of the
ultrasound probe viewed from the top.

5. The ultrasound diagnostic apparatus according to claim

1, wherein the hardware processor calculates the shift angle
of the puncture needle to the short axis direction of the
ultrasound probe viewed from the top.



US 2019/0307515 Al

6. The ultrasound diagnostic apparatus according to claim
1, wherein the hardware processor calculates the shift angle
of the puncture needle inserted by a parallel method using
boundary position information of the extracted image of the
puncture needle in each of the regions and insertion refer-
ence position information of the puncture needle.

7. The ultrasound diagnostic apparatus according to claim
1, wherein the hardware processor calculates the shift angle
of the puncture needle inserted by a crossing method using
the plurality of boundary position information of the respec-
tive extracted images of the puncture needle in the regions.

8. The ultrasound diagnostic apparatus according to claim
1, wherein the hardware processor stores history information
of the calculated shift angle of the puncture needle in a
storage and displays the stored history information of the
shift angle of the puncture needle on a display.

9. The ultrasound diagnostic apparatus according to claim
1, wherein the hardware processor makes respective repre-
sentations of the extracted images of the puncture needle in
the regions different from one another for each of the
regions, synthesizes the respective ultrasound image data in
the regions including the images of the puncture needle the
representations of which are made different from one
another to generate composite image data, and displays the
generated composite image data on a display.

Oct. 10, 2019

10. The ultrasound diagnostic apparatus according to
claim 9, wherein the representation is at least one of a
display color, saturation, luminance, and flashing.

11. A puncture needle shift angle calculation method
comprising:

transmitting, to an ultrasound probe including a plurality

of transducers which are arranged in a plurality of
regions in a short axis direction and are arranged in a
long axis direction in each of the regions and can
transmit and receive ultrasound independently in the
plurality of regions in the short axis direction, a driving
signal in each of the regions;

receiving a receiving signal in each of the regions from

the ultrasound probe;

generating ultrasound image data from the received

receiving signal in each of the regions;

extracting an image of a puncture needle inserted into a

subject from the generated ultrasound image data in the
region; and

calculating a shift angle of the puncture needle to the

ultrasound probe using boundary position information
of the extracted image of the puncture needle in the
region.
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