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7) ABSTRACT

An ultrasound automatic scanning system according to an
embodiment includes an ultrasound probe, a mechanical
mechanism, and processing circuitry. The ultrasound probe
transmits and receives ultrasonic wave. The mechanical
mechanism holds and moves the ultrasound probe while an
ultrasonic-wave transmission-reception surface of the ultra-
sound probe is pointed to a subject. The processing circuitry
acquires a distance between a body surface of the subject
and the ultrasonic-wave transmission-reception surface of
the ultrasound probe based on reflected wave data collected
while the ultrasound probe is moved by the mechanical
mechanism. The processing circuitry generates, based on
information of the distance, locus information of movement
of the ultrasound probe when ultrasound scanning is
executed on the subject. The mechanical mechanism
executes ultrasound scanning on the subject by moving the
ultrasound probe based on the locus information generated
by the processing circuitry.
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ULTRASOUND AUTOMATIC SCANNING
SYSTEM, ULTRASOUND DIAGNOSTIC
APPARATUS, ULTRASOUND SCANNING
SUPPORT APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2018-164834, filed on Sep. 3, 2018 and Japanese Patent
Application No. 2019-159443, filed on Sep. 2, 2019; the
entire contents of which are incorporated herein by refer-
ence.

FIELD

[0002] Embodiments discussed herein relate generally to
an ultrasound automatic scanning system, an ultrasound
diagnostic apparatus, and an ultrasound scanning support
apparatus.

BACKGROUND

[0003] In conventionally performed ultrasound diagnosis,
an engineer or a doctor operates an ultrasound probe on the
body surface of a subject to obtain information of a tissue
structure, blood current, and the like inside the body. For
example, the engineer or the doctor scans the inside of the
subject with ultrasonic wave by operating, on the body
surface in accordance with a diagnosis site and a diagnosis
content, the ultrasound probe configured to transmit and
receive ultrasonic wave, thereby collecting an ultrasonic
wave image illustrating a tissue structure and an ultrasonic
wave image illustrating information of blood current or the
like.

[0004] Recently, scanning by a robot in such ultrasonic
wave diagnosis has been disclosed. For example, in a known
technology, position information of the body surface of a
subject is acquired from a picture obtained by capturing the
subject with a camera, a scanning path indicating the move-
ment locus of an ultrasound probe is generated from the
acquired position information, and the ultrasound probe is
moved along the generated scanning path by the robot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 11is a block diagram illustrating an exemplary
configuration of an ultrasound diagnostic apparatus accord-
ing to a first embodiment;

[0006] FIG. 2 is an exterior diagram illustrating an exem-
plary mechanical mechanism according to the first embodi-
ment;

[0007] FIG. 3 is a diagram for describing an exemplary
placement table for a scanning target site according to the
first embodiment;

[0008] FIG. 4A is a diagram illustrating an exemplary
armrest according to the first embodiment;

[0009] FIG. 45 is a diagram illustrating another exemplary
armrest according to the first embodiment;

[0010] FIG. 5 is a diagram for describing exemplary
processing by a generation function according to the first
embodiment;

[0011] FIG. 6 is a diagram illustrating exemplary genera-
tion of a scanning path by the generation function according
to the first embodiment;
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[0012] FIG. 7A is a diagram for describing the angle of the
scanning path according to the first embodiment;

[0013] FIG. 7B is a diagram for describing the angle of the
scanning path according to the first embodiment;

[0014] FIG. 7C is a diagram for describing the angle of the
scanning path according to the first embodiment;

[0015] FIG. 8 is a flowchart for describing the procedure
of processing by the ultrasound diagnostic apparatus accord-
ing to the first embodiment;

[0016] FIG. 9 is a block diagram illustrating an exemplary
configuration of an ultrasound diagnostic apparatus accord-
ing to a second embodiment;

[0017] FIG. 10 is a flowchart for describing the procedure
of processing by the ultrasound diagnostic apparatus accord-
ing to the second embodiment;

[0018] FIG. 11 is a block diagram illustrating an exemplar
configuration of an ultrasound diagnostic apparatus accord-
ing to a third embodiment;

[0019] FIG. 12 is a flowchart for describing the procedure
of processing by the ultrasound diagnostic apparatus accord-
ing to the third embodiment;

[0020] FIG. 13 is a block diagram illustrating an exem-
plary configuration of an ultrasound diagnostic apparatus
according to a fourth embodiment;

[0021] FIG. 14 is a flowchart for describing the procedure
of processing by the ultrasound diagnostic apparatus accord-
ing to the fourth embodiment;

[0022] FIG. 15 is a diagram illustrating an exemplary
display of the scanning path according to a fifth embodi-
ment; and

[0023] FIG. 16 is a flowchart for describing the procedure
of processing by an ultrasound diagnostic apparatus accord-
ing to the fifth embodiment.

DETAILED DESCRIPTION

[0024] An ultrasound automatic scanning system includes
an ultrasound probe, a mechanical mechanism, and process-
ing circuitry. The ultrasound probe is configured to transmit
and receive ultrasonic wave. The mechanical mechanism is
configured to hold and move the ultrasound probe while an
ultrasonic-wave transmission-reception surface of the ultra-
sound probe is pointed to a subject. The processing circuitry
is configured to acquire a distance between a body surface
of the subject and the ultrasonic-wave transmission-recep-
tion surface of the ultrasound probe based on reflected wave
data collected while the ultrasound probe is moved by the
mechanical mechanism. The processing circuitry is config-
ured to generate, based on information of the distance, locus
information of movement of the ultrasound probe when
ultrasound scanning is executed on the subject. The
mechanical mechanism is configured to execute ultrasound
scanning on the subject by moving the ultrasound probe
based on the locus information generated by the processing
circuitry.

[0025] Embodiments of an ultrasound automatic scanning
system, an ultrasound diagnostic apparatus, and an ultra-
sound scanning support apparatus according to the present
application will be described in detail below with reference
to the accompanying drawings. The ultrasound automatic
scanning system, the ultrasound diagnostic apparatus, and
the ultrasound scanning support apparatus according to the
present application are not limited to the embodiments
described below. In the following description, identical
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components are denoted by a common reference sign, and
duplicate description thereof will be omitted.

First Embodiment

[0026] The following first describes an ultrasound diag-
nostic apparatus according to a first embodiment. FIG. 1 is
a block diagram illustrating an exemplary configuration of
an ultrasound diagnostic apparatus 1 according to the first
embodiment. As illustrated in FIG. 1, the ultrasound diag-
nostic apparatus 1 according to the present embodiment
includes an ultrasound probe 2, a display 3, an input inter-
face 4, and an apparatus main body. The ultrasound probe 2,
the display 3, and the input interface 4 are connected with an
apparatus main body 5 to perform communication therebe-
tween. In addition, in the ultrasound diagnostic apparatus 1
according to the present embodiment, a position sensor 61,
a transmitter 62, and a mechanical mechanism 7 are con-
nected with the apparatus main body 5 to perform commu-
nication therebetween. The configuration including the
ultrasound diagnostic apparatus 1 and the mechanical
mechanism 7 is an exemplary ultrasound automatic scanning
system according to the present application.

[0027] The ultrasound probe 2 is connected with trans-
mission-reception circuitry 51 included in the apparatus
main body 5. For example, the ultrasound probe 2 includes
a plurality of piezoelectric transducer elements in a probe
body. The piezoelectric transducer elements generate an
ultrasonic wave based on a drive signal supplied from the
transmission-reception circuitry 51. The ultrasound probe 2
receives a reflected wave from a subject P and converts the
received wave into an electric signal. In the probe body, the
ultrasound probe 2 also includes a matching layer provided
to each piezoelectric transducer element, and a backing
material or the like for preventing ultrasonic wave propa-
gation beyond the piezoelectric transducer element. The
ultrasound probe 2 is detachably connected with the appa-
ratus main body 5. For example, the ultrasound probe 2 is an
ultrasound probe of a sector type, a linear type, or a convex
type.

[0028] When ultrasonic wave is transmitted from the
ultrasound probe 2 to the subject P, the transmitted ultrasonic
wave is sequentially reflected by discontinuous surfaces of
acoustic impedance at body tissue of the subject P and
received as a reflected wave signal by the piezoelectric
transducer elements included in the ultrasound probe 2. The
amplitude of the received reflected wave signal depends on
acoustic impedance difference at each discontinuous surface
at which the ultrasonic wave is reflected. The reflected wave
signal when the transmitted ultrasonic wave pulse is
reflected by moving blood current or a surface such as a
cardiac wall is subjected to frequency shift due to the
Doppler effect, depending on a speed component of the
moving object in the ultrasonic wave transmission direction.
[0029] The present embodiment is applicable to a case in
which the subject P is two-dimensionally scanned by the
ultrasound probe 2 as a one-dimensional ultrasound probe in
which the piezoelectric transducer elements are disposed in
a line, and a case in which the subject P is three-dimension-
ally scanned by the ultrasound probe 2 in which the piezo-
electric transducer elements of the one-dimensional ultra-
sound probe are mechanically swung or by the ultrasound
probe 2 as a two-dimensional ultrasound probe in which the
piezoelectric transducer elements are two-dimensionally
disposed 1in lattice.
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[0030] In the ultrasound probe 2, the position sensor 61 is
mounted on the probe body to acquire position information.
The ultrasound probe 2 is moved with the probe body held
by the mechanical mechanism 7 while an ultrasonic-wave
transmission-reception surface is pointed to the subject.
Details of these components will be described later.

[0031] The display 3 displays a graphical user interface
(GUI) through which an operator of the ultrasound diagnos-
tic apparatus 1 inputs various setting requests by using the
input interface 4, and displays an ultrasound image or the
like generated in the apparatus main body 5. The display 3
also displays various messages and display information to
notify the operator of the processing status of the apparatus
main body 5 and a processing result. In addition, the display
3 may include a speaker to output voice.

[0032] The input interface 4 is achieved by, for example,
a track ball, a switch button, a mouse, a keyboard, a touch
pad on which an input operation can be performed through
touching on an operation surface, a touch monitor that
integrates a display screen and a touch pad, non-contact
input circuitry using an optical sensor, or voice input cir-
cuitry, which are used to perform setting of a predetermined
position (for example, an interest region) and the like. The
input interface 4 is connected with processing circuitry 55 to
be described later to convert an input operation received
from the operator into an electric signal and output the
electric signal to the processing circuitry 55. In the present
specification, the input interface 4 does not always need to
include a physical operation member such as a mouse or a
keyboard. Examples of the input interface include an electric
signal processing circuit configured to receive an electric
signal corresponding to an input operation from an external
input instrument provided separately from the device and
output the electric signal to the processing circuitry 55.

[0033] The position sensor 61 and the transmitter 62 are
devices for acquiring position information of the ultrasound
probe 2. For example, the position sensor 61 is a magnetic
sensor attached to the ultrasound probe 2. For example, the
transmitter 62 is a device disposed at an optional position
and configured to form an outward magnetic field centered
at the transmitter 62.

[0034] The position sensor 61 detects the three-dimen-
sional magnetic field formed by the transmitter 62. Then, the
position sensor 61 calculates, based on information of the
detected magnetic field, the position (coordinates) and the
direction (angle) of the position sensor 61 in a space having
an origin at the transmitter 62, and transmits the calculated
position and direction to the processing circuitry 55 to be
described later. The three-dimensional position information
(position and direction) of the position sensor 61 transmitted
to the processing circuitry 55 is converted as appropriate
into the position information of the ultrasound probe 2 (for
example, information of the central position of the ultra-
sonic-wave transmission-reception surface of the ultrasound
probe 2) or position information of the range of scanning by
the ultrasound probe 2 and is used.

[0035] The present embodiment is also applicable to a
case in which the position information of the ultrasound
probe 2 is acquired by a system other than the above-
described position detection system. For example, the pres-
ent embodiment is applicable to a case in which the position
information of the ultrasound probe 2 is acquired by using
a gyro sensor, an acceleration sensor, or the like.
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[0036] The mechanical mechanism 7 includes a holding
unit 71 configured to hold the probe body of the ultrasound
probe 2, and a mechanism unit 72 configured to move the
ultrasound probe 2 to a desired position on the body surface
of the subject. Specifically, the mechanical mechanism 7
moves the ultrasound probe 2 held by the holding unit 71 to
a desired position through motion of the mechanism unit 72.
For example, the mechanical mechanism 7 moves the ultra-
sound probe 2 in accordance with control of the apparatus
main body 5. The following describes an exemplary
mechanical mechanism with reference to FIG. 2. The
mechanical mechanism 7 illustrated in FIG. 2 is merely
exemplary, and the embodiment is not limited thereto.
[0037] FIG. 2 is an exterior diagram illustrating an exem-
plary mechanical mechanism 7 according to the first
embodiment. As illustrated in FIG. 2, the mechanical
mechanism 7 includes the holding unit 71 including a first
holding unit 711, a second holding unit 712, a third holding
unit 713, and a fourth holding unit 714, and includes the
mechanism unit 72 including a first mechanism unit 721, a
second mechanism unit 722, and a third mechanism unit
723. The holding unit 71 is a cast metal made of, for
example, aluminum, and includes a junction part for joining
holding units, an engagement part to be engaged with the
mechanism unit 72, and a probe holder holding the ultra-
sound probe 2. The mechanism nit 72 includes a drive unit
such as a motor or an actuator, and an engagement part for
engagement with a holding unit.

[0038] For example, the first holding unit 711 has, in the
longitudinal direction, one end joined with a base part (not
illustrated) supporting the entire mechanical mechanism 7,
and the other end joined with the second holding unit 712.
Accordingly, the first holding unit 711 supports all members
directly or indirectly held by the second holding unit 712.
The second holding unit 712 has, in the longitudinal direc-
tion, one end joined with the first holding unit 711, and
engaged with the first mechanism unit 721 so that the first
mechanism unit 721 is slidable in the longitudinal direction.
For example, the second holding unit 712 includes a rail
extending in the longitudinal direction and engaged with the
first mechanism unit 721, and slidably holds the first mecha-
nism unit 721 on the rail.

[0039] When the second holding unit 712 is joined with
the first holding unit 711 so that the longitudinal direction of
the second holding unit 712 is horizontal as illustrated in
FIG. 2, the first mechanism unit 721 slides in the horizontal
direction illustrated with Arrow al. The first mechanism unit
721 is held by the second holding unit 712 through engage-
ment and moves in the longitudinal direction of the second
holding unit 712 by the drive power of the drive unit such
as a motor or an actuator. For example, the first mechanism
unit 721 is engaged with the rail of the second holding unit
712 and slides on the rail by the drive power of the drive unit
based on control of the apparatus main body 5. The first
mechanism unit 721 is joined with the second mechanism
unit 722.

[0040] The second mechanism unit 722 is held by the
second holding unit 712 while being joined with the first
mechanism unit 721. The second mechanism unit 722 holds
the third holding unit 713 while being engaged with the third
holding unit 713 so that the third holding unit 713 is slidable.
In other words, the second mechanism unit 722 moves in the
longitudinal direction of the second holding unit 712 and
slides the third holding unit 713 along with gilding of the
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first mechanism unit 721. The second mechanism unit 722
slides the third holding unit 713 in a direction orthogonal to
the moving direction of the first mechanism unit 721. For
example, the second mechanism unit 722 slides the third
holding unit 713 in the vertical direction illustrated with
Arrow a2 by the drive power of the drive unit based on
control of the apparatus main body 5.

[0041] The third holding unit 713 has, in the longitudinal
direction, one end engaged with the second mechanism unit
722 and slides on the second mechanism unit 722. For
example, the third holding unit 713 includes, in the longi-
tudinal direction, a rail to be engaged with the second
mechanism unit 722, and slides on the second mechanism
unit 722 in the vertical direction illustrated with Arrow a2.
The third holding unit 713 has the other end engaged with
the third mechanism unit 723. The third holding unit 713
holds the third mechanism unit 723 so that the third mecha-
nism unit 723 rotates about the longitudinal direction of the
second holding unit 712. For example, the third holding unit
713 holds the third mechanism unit 723 so that the third
mechanism unit 723 is rotatable in the direction illustrated
with Arrow a3.

[0042] The third mechanism unit 723 is held by the third
holding unit 713 while being engaged with the third holding
unit 713. The third mechanism unit 723 is joined with the
fourth holding unit 714. For example, the third mechanism
unit 723 rotates in the direction illustrated with Arrow a3 by
the drive power of the drive unit based on control of the
apparatus main body 5 while holding the fourth holding unit
714 (without changing the orientation of the fourth holding
unit 714). Accordingly, the third mechanism unit 723 can
change the angle of the ultrasound probe 2 held by the fourth
holding unit 714.

[0043] The fourth holding unit 714 is joined with the third
mechanism unit 723 and holds the ultrasound probe 2. For
example, as illustrated in FIG. 2, the fourth holding unit 714
holds the ultrasound probe 2 so that the plane direction of the
ultrasonic-wave transmission-reception surface of the ultra-
sound probe is orthogonal to the longitudinal direction of the
third holding unit 713.

[0044] As described above, the mechanical mechanism 7
can move the ultrasound probe 2 held by the fourth holding
unit 714 in the directions illustrated with Arrow al, Arrow
a2, and Arrow a3 through movement by the first mechanism
unit 721, movement by the second mechanism unit 722, and
movement by the third mechanism unit 723. In other words,
the mechanical mechanism 7 can move the ultrasound probe
2 in the horizontal direction and the vertical direction and
change the angle of the ultrasound probe The mechanical
mechanism 7 illustrated in FIG. 2 is an exemplary mechani-
cal mechanism, and the mechanical mechanism is not lim-
ited to that illustrated in FIG. 2. For example, the mechanical
mechanism 7 may include a mechanism unit configured to
move the ultrasound probe 2 in a direction orthogonal to
Arrow al and orthogonal to Arrow a2.

[0045] Returning to FIG. 1, the apparatus main body 5
includes the transmission-reception circuitry 51, B mode
processing circuitry 52, Doppler processing circuitry 53, a
memory 54, and the processing circuitry 55. In the ultra-
sound diagnostic apparatus 1 illustrated in FIG. 1, each
processing function is stored in the form of computer-
executable program in the memory 54. The transmission-
reception circuitry 51, the B mode processing circuitry 52,
the Doppler processing circuitry 53, and the processing
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circuitry 55 are each a processor configured to achieve a
function corresponding to a computer program by reading
and executing the computer program from the memory 54.
In other words, each circuitry having read a computer
program has a function corresponding to the read computer
program.

[0046] The transmission-reception circuitry 51 includes a
pulse generator, a transmission delay circuitry, a pulser, and
the like, and supplies the drive signal to the ultrasound probe
2. The pulse generator repeatedly generates a rate pulse for
forming transmission ultrasonic wave at a predetermined
rate frequency. The transmission delay circuitry provides, to
each rate pulse generated by the pulse generator, a delay
time for each piezoelectric transducer element necessary for
converging, into a beam form, an ultrasonic wave generated
from the ultrasound probe 2 and for determining transmis-
sion directionality. The pulser applies the drive signal (drive
pulse) to the ultrasound probe 2 at a timing based on the rate
pulse. Specifically, the transmission delay circuitry option-
ally adjusts the transmission direction of ultrasonic wave
transmitted from a piezoelectric transducer element surface
by changing the delay time provided to each rate pulse.

[0047] The transmission-reception circuitry 51 has a func-
tion of instantaneously changing transmission frequency,
transmission drive voltage, and the like to execute a prede-
termined scanning sequence based on an instruction from
the processing circuitry 55 to be described later. In particu-
lar, change of the transmission drive voltage is achieved by
a linear-amplifier oscillation circuitry capable of instanta-
neously switching the voltage, or a mechanism capable of
electrically switching a plurality of power source units.

[0048] The transmission-reception circuitry 51 also
includes a pre-amplifier, an analog/digital (A/D) converter,
a reception delay circuitry, an adder, and the like, and
generates reflected wave data by performing various kinds
of processing on a reflected wave signal received by the
ultrasound probe 2. The pre-amplifier amplifies the reflected
wave signal for each channel. The A/D converter performs
A/D conversion of the amplified reflected wave signal. The
reception delay circuitry provides a delay time necessary for
determining reception directionality. The adder generates
reflected wave data by performing addition processing of the
reflected wave signal processed by the reception delay
circuitry. Addition processing by the adder enhances a
reflection component from a direction in accordance with
the reception directionality of the reflected wave signal, and
forms a comprehensive beam of ultrasonic wave transmis-
sion and reception with the reception directionality and the
transmission directionality.

[0049] The B mode processing circuitry 52 receives the
reflected wave data from the transmission-reception cir-
cuitry 51, performs logarithmic amplification, envelope
detection processing, and the like on the data, and generates
data (B mode data) in which signal intensity is represented
in brightness as luminance.

[0050] The Doppler processing circuitry 53 performs fre-
quency analysis of speed information in the reflected wave
data received from the transmission-reception circuitry 51,
extracts blood current, tissue, and a contrast-dye echo com-
ponent based on the Doppler effect, and generates data
(Doppler data) obtained by extracting moving object infor-
mation such as speed, dispersion, and power at a number of
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points. A moving object in the present embodiment is fluid
such as blood flowing in a blood vessel or lymph flowing in
a lymph vessel.

[0051] The B mode processing circuitry 52 and the Dop-
pler processing circuitry 53 can process both two-dimen-
sional reflected wave data and three-dimensional reflected
wave data. Specifically, the B mode processing circuitry 52
generates two-dimensional B mode data from two-dimen-
sional reflected wave data, and generates three-dimensional
B mode data from three-dimensional reflected wave data.
The Doppler processing circuitry 53 generates two-dimen-
sional Doppler data from two-dimensional reflected wave
data, and generates three-dimensional Doppler data from
three-dimensional reflected wave data. The three-dimen-
sional B mode data is data in which a luminance value in
accordance with reflection intensity from a reflection source
positioned at each of a plurality of points (sample points) set
on each scanning line in the three-dimensional scanning
range is allocated to the point. The three-dimensional Dop-
pler data is data in which a luminance value in accordance
with the value of blood current information (speed, disper-
sion, and power) is allocated to each of a plurality of points
(sample points) set on each scanning line in the three-
dimensional scanning range.

[0052] The memory 54 stores display image data gener-
ated by the processing circuitry 55. The memory 54 may also
store data generated by the B mode processing circuitry 52
and the Doppler processing circuitry 53. The memory 54
also stores control programs for performing ultrasonic wave
transmission and reception, image processing, and display
processing, and various kinds of data such as diagnosis
information (for example, a patient ID and doctor com-
ments), diagnosis protocols, and various body marks. The
memory 54 also stores a scanning path generated by the
processing circuitry 55. Details of the scanning path will be
described later.

[0053] The processing circuitry 55 controls the entire
processing at the ultrasound diagnostic apparatus 1. Specifi-
cally, the processing circuitry 55 performs various kinds of
processing by reading computer programs corresponding to
a control function 551, an image generation function 552, an
acquisition function 553, a mechanism control function 554,
an alignment function 555, and a generation function 556,
which are illustrated in FIG. 1, from the memory 54 and
executing the computer programs. The generation function
556 is an exemplary generation unit.

[0054] For example, the processing circuitry 55 controls
processing at the transmission-reception circuitry 51, the B
mode processing circuitry 52, and the Doppler processing
circuitry 53 based on various setting requests input by the
operator through the input interface 4, and various kinds of
control programs and various kinds of data read from the
memory 54. The processing circuitry 55 controls the display
to display display ultrasound image data stored in the
memory 54. The processing circuitry 55 controls the display
3 to display a processing result. For example, the processing
circuitry 55 controls the entire device by reading and execut-
ing the computer program corresponding to the control
function 551, and controls the above-described processing.
[0055] The image generation function 552 generates ultra-
sound image data from data generated by the B mode
processing circuitry 52 and the Doppler processing circuitry
53. Specifically, the image generation function 552 gener-
ates, from two-dimensional B mode data generated by the B
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mode processing circuitry 52, B mode image data in which
the intensity of reflected wave is represented in luminance.
The B mode image data is data in which the shape of tissue
in a region in which ultrasound scanning is performed is
visualized. The image generation function 552 also gener-
ates Doppler image data representing moving object infor-
mation from two-dimensional Doppler data generated by the
Doppler processing circuitry 53. The Doppler image data is
speed image data, dispersion image data, power image data,
or combination of these image data. The Doppler image data
represents fluid information related to fluid flowing in the
region in which ultrasound scanning is performed.

[0056] The image generation function 552 typically gen-
erates display ultrasound image data by converting (scan-
ning conversion) a scanning line signal string of ultrasound
scanning into a scanning line signal string in a video format
such as the video format of television. Specifically, the
image generation function 552 generates display ultrasound
image data by performing coordinate transform in accor-
dance with the form of ultrasound scanning performed by
the ultrasound probe 2. Examples of various kinds of image
processing performed by the image generation function 552
other than the scanning conversion include image processing
(smoothing processing) of regenerating an image of an
averaged luminance value by using a plurality of image
frames after the scanning conversion, and image processing
(edge enhancement processing) using a differential filter in
an image. In addition, the image generation function 552
synthesizes the ultrasound image data with character infor-
mation of various kinds of parameters, scales, body marks,
and the like.

[0057] In other words, the B mode data and the Doppler
data are the ultrasound image data before the scanning
conversion processing, and data generated by the image
generation function 552 is the display ultrasound image data
after the scanning conversion processing. The B mode data
and the Doppler data are also called raw data.

[0058] In addition, the image generation function 552
generates three-dimensional B mode image data by perform-
ing coordinate transform of the three-dimensional B mode
data generated by the B mode processing circuitry 52. The
image generation function 552 also generates three-dimen-
sional Doppler image data by performing coordinate trans-
form of the three-dimensional Doppler data generated by the
Doppler processing circuitry 53. The three-dimensional B
mode data and the three-dimensional Doppler data are
volume data before the scanning conversion processing. In
other words, the image generation function 552 generates
“the three-dimensional B mode image data and the three-
dimensional Doppler image data” as “volume data that is
three-dimensional ultrasound image data”.

[0059] In addition, the image generation function 552 may
perform rendering processing on the volume data to generate
various two-dimensional image data for displaying the vol-
ume data on the display 3. The acquisition function 553
acquires probe position information indicating the position
and direction of the ultrasound probe 2. The mechanism
control function 554 controls the mechanical mechanism 7.
The alignment function 555 performs positioning between
the coordinate system of the probe position information and
the coordinate system of the mechanical mechanism 7. The
generation function 556 generates a scanning path. Details
of processing performed by the acquisition function 553, the
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mechanism control function 554, the alignment function
555, and the generation function 556 will be described later.
[0060] The entire configuration of the ultrasound diagnos-
tic apparatus 1 according to the first embodiment has been
described above. With this configuration, the ultrasound
diagnostic apparatus 1 according to the first embodiment
allow easy generation of a scanning path indicating the
movement locus of the ultrasound probe. Specifically, the
ultrasound diagnostic apparatus 1 according to the first
embodiment allows easy generation of a scanning path when
the subject is scanned by the mechanical mechanism 7 by
performing provisional scanning on the subject and acquir-
ing the distance between the body surface of the subject and
the ultrasound probe 2 from a result of the provisional
scanning.

[0061] As described above, a recently disclosed technol-
ogy in ultrasound diagnosis performs scanning while an
ultrasound probe is moved by a robot. For example, in a
known technology, position information of the body surface
of a subject is acquired from a picture obtained by capturing
the subject with a camera, and a scanning path when the
ultrasound probe is moved by a robot is generated by using
the acquired position information. However, in this technol-
ogy, since the picture is two-dimensional information, a
significantly large number of pictures obtained through
image capturing in various kinds of directions are needed to
generate a three-dimensional scanning path, and a complex
algorithm is used to acquire position information from the
pictures. In the ultrasound diagnostic apparatus 1 according
to the first embodiment, the mechanical mechanism 7 holds
and moves an ultrasound probe while the ultrasonic-wave
transmission-reception surface of the ultrasound probe is
pointed to a subject. Then, the generation function 556
generates, based on information of the positional relation
between the ultrasound probe moved by the mechanical
mechanism 7 and the subject, the scanning path of the
ultrasound probe 2 when ultrasound scanning is executed on
the subject, thereby allowing easy generation of the scan-
ning path.

[0062] The following describes details of the ultrasound
diagnostic apparatus 1 according to the first embodiment.
The acquisition function 553 temporally acquires the probe
position information of the ultrasound probe 2 based on a
signal from the position sensor 61 mounted on the ultra-
sound probe 2. In other words, the acquisition function 553
temporally acquires the position information (coordinate
information) of the position sensor 61. The acquisition
fanction 553 can convert the signal received from the
position sensor 61 into the coordinates of an optional
position on the ultrasound probe 2 based on information of
a position at which the position sensor 61 is mounted on the
ultrasound probe 2 (information of the positional relation
between the ultrasound probe 2 and the position sensor 61).
For example, the acquisition function 553 can convert the
position information (coordinate information) of the posi-
tion sensor 61 into information (coordinate information) of
the central position of the ultrasonic-wave transmission-
reception surface of the ultrasound probe 2 based on the
information of the positional relation between the ultrasound
probe 2 and the position sensor 61.

[0063] Forexample, when a magnetic sensor is used as the
position sensor 61, the acquisition function 553 acquires
position information (position and orientation) temporally
acquired by the position sensor 61 in a three-dimensional
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magnetic field (coordinate system of the probe position
information) formed by the transmitter 62. Then, the acqui-
sition function 553 transmits the acquired position informa-
tion at each time to the alignment function 555. The acqui-
sition function 553 also transmits the acquired position
information at each time to the generation function 556. For
example, the acquisition function 553 acquires the position
information at each time acquired by the position sensor 61
mounted on the ultrasound probe 2 held by the fourth
holding unit 714, and transmits the acquired position infor-
mation to the alignment function and the generation function
556.

[0064] The mechanism control function 554 controls
movement of the mechanism unit 72 of the mechanical
mechanism 7 by transmitting a control signal to the drive
unit included in the mechanism unit 72. For example, the
mechanism control function 554 controls the drive unit of
the first mechanism unit 721 by transmitting a control signal
to the first mechanism unit 721, thereby controlling sliding
of the first mechanism unit 721 in the direction illustrated
with Arrow al. For example, the mechanism control func-
tion 554 controls the drive unit of the second mechanism
unit 722 by transmitting a control signal to the second
mechanism unit 722, thereby controlling sliding of the third
holding unit 713 in the direction illustrated with Arrow a2.
For example, the mechanism control function 554 controls
the drive unit of the third mechanism unit 723 by transmit-
ting a control signal to the third mechanism unit 723, thereby
controlling rotation of the third mechanism unit 723 in the
direction illustrated with Arrow a3.

[0065] Then, the mechanism control function 554 trans-
mits control information at each time to the alignment
function 555. Specifically, the mechanism control function
554 transmits information of the position of each mechanism
unit in the coordinate system of the mechanical mechanism
7 at each time to the alignment function 555. The mechanism
control function 554 also transmits the control information
at each time to the generation function 556. In addition, the
mechanism control function 554 controls the mechanical
mechanism 7 based on the scanning path generated by the
generation function 556, which will be described later.
[0066] The alignment function 555 performs positioning
between the coordinate system of the probe position infor-
mation and the coordinate system of the mechanical mecha-
nism 7. Specifically, the alignment function 555 synchro-
nizes, based on time information, the position information at
each time received from the acquisition function 553 and the
control information at each time received from the mecha-
nism control function 554. For example, the alignment
function 555 associates the position information (three-
dimensional coordinate information) of the position sensor
61 mounted on the ultrasound probe 2 held by the fourth
holding unit 714 at “time t1” with the control information of
the mechanical mechanism 7 (three-dimensional coordinate
information of an optional part of the mechanical mecha-
nism 7) at “time t1”. The three-dimensional coordinate
information of an optional part of the mechanical mecha-
nism 7 is, for example, the position of the fourth holding unit
714 holding the ultrasound probe 2, and is expressed in the
drive amounts of the first mechanism unit 721, the second
mechanism unit 722, and the third mechanism unit 723.
[0067] Specifically, the alignment function 555 associates
the position information of the position sensor 61 with
information of the drive amounts of the first mechanism unit.
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721, the second mechanism unit 722, and the third mecha-
nism unit 723 at “time t1”. Accordingly, the alignment
function 555 can associate the position information of the
position sensor 61 with the drive state of each mechanism
unit. Then, the alignment function 555 transmits the asso-
ciated information to the generation function 556.

[0068] The generation function 556 generates, based on
information of the positional relation between the ultrasound
probe 2 to be moved by the mechanical mechanism 7 and the
subject, a scanning path indicating the locus of movement of
the ultrasound probe 2 when ultrasound scanning is executed
on the subject. Specifically, the generation function 556
generates the scanning path based on the positional relation
between the body surface of a scanning target site of the
subject and the ultrasound probe 2, which is acquired by
placing the scanning target site at a predetermined position
and operating the mechanical mechanism 7 once for the
placed scanning target site. For example, the generation
function 556 acquires the distance between the body surface
of the subject and the ultrasonic-wave transmission-recep-
tion surface of the ultrasound probe 2 based on reflected
wave data collected as the ultrasound probe 2 is moved
relative to the subject in a non-contact manner by the
mechanical mechanism 7, and generates the scanning path
based on the acquired distance.

[0069] In the ultrasound diagnostic apparatus 1 according
to the first embodiment, reflected wave data of a scanning
target site is collected as the mechanical mechanism 7 moves
the ultrasound probe relative to the subject in a non-contact
manner. In the first embodiment, water is used as an acoustic
medium so that ultrasonic wave can be transmitted and
received while the ultrasound probe 2 does not contact the
body surface of the subject. FIG. 3 is a diagram for describ-
ing an exemplary placement table 8 for a scanning target site
according to the first embodiment. FIG. 3 illustrates an
exemplary placement table when the scanning target site
ranges from a forearm to the hand.

[0070] Forexample, as illustrated in FIG. 3, the placement
table 8 includes a water tank 81 and an armrest 82, the water
tank 81 being filled with water. The armrest 82 includes an
elbow rest part and a slope part gradually tilted downward
from the elbow rest part. As illustrated in FIG. 3, the water
tank 81 of the placement table 8 is filled with water so that,
when an arm is placed on the armrest 82, a part ranging from
the forearm to the hand is placed in the water. Then, the
mechanical mechanism 7 is disposed so that the ultrasound
probe 2 is movable relative to the arm placed on the
placement table 8 in the direction illustrated with the arrow
in FIG. 3. For example, the mechanical mechanism 7 is
disposed so that the longitudinal direction of the second
holding unit 712 illustrated in FIG. 2 is parallel to the
longitudinal direction of the forearm placed on the place-
ment table 8 and the scanning target site is scanned by an
ultrasonic wave transmitted from the ultrasound probe 2
held by the fourth holding unit 714.

[0071] Then, when the scanning target site is to be
scanned, the ultrasound probe 2 is placed in the water in the
water tank 81 and transmits and receives an ultrasonic wave
without contacting the body surface of the scanning target
site. For example, the third holding unit 713 is slid in the
vertical direction by drive of the second mechanism unit 722
so that the ultrasound probe 2 is placed in the water in the
water tank 81 and the ultrasound probe 2 does not contact
the b surface.
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[0072] The placement able 8 may be provided with a
concave portion or a convex portion at the armrest 82 to
stabilize the placement state of the scanning target site.
Specifically, the armrest 82 may be provided with a concave
portion or a convex portion for fixing the scanning target site
so that, when the subject places the scanning target site on
the placement table 8, the scanning target site is constantly
placed substantially at an identical position on the placement
table 8.

[0073] FIGS. 4A and 4B are each a diagram illustrating an
exemplary armrest 82 according to the first embodiment. For
example, as illustrated in FIG. 4A, the armrest 82 includes
a concave portion 821 on which the part from the elbow to
the forearm is placed from the elbow rest part to the slope
part, and a convex portion 822 that supports the hand. When
the armrest 82 is used, for example, the subject can con-
stantly place the arm substantially at an identical position by
placing the part from the elbow to the forearm on the
concave portion 821 and by lightly grasping the convex
portion 822.

[0074] Alternatively, for example, as illustrated in FIG.
4B, the armrest 82 may include a concave portion 823 on
which the part from the elbow to the hand is placed from the
elbow rest part to the slope part. The concave portion 823
includes a concave portion in a hand shape, and for example,
the subject can constantly place the arm substantially at an
identical position by placing the part from the elbow to the
hand in the concave portion 823.

[0075] In the first embodiment, scanning is executed in a
non-contact manner by the mechanical mechanism 7 while
an arm is placed on the placement table 8 thus configured.
In the first embodiment, first, the provisional scanning is
executed to acquire the positional relation between the
scanning target site placed on the placement table 8 and the
ultrasound probe. For example, after the scanning target site
(from the forearm to the hand) is placed on the placement
table 8 and the mechanical mechanism 7 holding the ultra-
sound probe 2 is disposed, the acquisition function 553
acquires the position information of the position sensor 61
after the disposition and transmits the acquired position
information to the alignment function 555. In addition, the
mechanism control function 554 transmits the current drive
amount of each mechanism unit of the mechanical mecha-
nism 7 to the alignment function 555. The alignment func-
tion 555 performs positioning between the coordinate sys-
tem of the probe position information and the coordinate
system of the mechanical mechanism 7 by associating the
position information of the position sensor 61 with infor-
mation of the drive amounts. Then, the alignment function
555 transmits information of the positioning to the genera-
tion function 556.

[0076] After the above-described positioning ends, the
mechanism control function 554 controls the mechanism
unit 72 of the mechanical mechanism 7 so that the ultra-
sound probe 2 is disposed in the water tank 81 of the
placement table 8 (the ultrasound probe 2 is disposed at a
position where the provisional scanning is started). In this
state, the acquisition function 553 acquires the position
information temporally acquired by the position sensor 61
while the mechanical mechanism 7 is driven, and transmits
the acquired position information to the generation function
556. Accordingly, the generation function 556 can con-
stantly acquire the current position information of the posi-
tion sensor 61. In addition, the mechanism control function
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554 transmits the drive amount of each mechanism unit to
the generation function 556 at each drive of the mechanical
mechanism 7. Accordingly, the generation function 556 can
constantly acquire the drive state of the mechanical mecha-
nism 7.

[0077] At the position where the provisional scanning is
started, the ultrasound probe 2 is in the water in the water
tank 81 and the ultrasound probe 2 does not contact the body
surface. For example, at the position where the provisional
scanning is started, the ultrasound probe 2 is in the water on
the elbow rest side of the armrest 82 and the ultrasound
probe 2 does not contact the body surface. The disposition
of the ultrasound probe 2 at the position may be executed,
for example, when the mechanism control function 554 is
controlled in accordance with an operation by the operator
through the input interface 4, or may be executed by the
mechanism control function 554 so that the disposition is
made at a position set in advance by taking into account the
size of the placement table 8 and the like.

[0078] Then, when the ultrasound probe 2 is disposed at
the position where the provisional scanning is started, the
control function 551 and the mechanism control function
554 perform control to execute the provisional scanning. For
example, the mechanism control function 554 performs
control to drive only the drive unit of the first mechanism
unit 721, thereby controlling the ultrasound probe 2 to slide
in the horizontal direction without changing the position of
the ultrasound probe 2 in the vertical direction. Specifically,
the mechanism control function 554 slides the ultrasound
probe 2 in the direction from the forearm to the hand. The
mechanism control function 554 transmits, to the generation
function 556, the drive amount of the drive unit of the first
mechanism unit 721 at each time during the drive.

[0079] The control function 551 controls the transmission-
reception circuitry 51 to repeatedly transmit ultrasonic wave
from the ultrasound probe 2 and repeatedly receive reflected
wave during the sliding of the ultrasound probe 2 by the
mechanical mechanism 7. Then, the image generation func-
tion 552 generates ultrasound image data at each time based
on reflected wave data temporally generated by the trans-
mission-reception circuitry 51. In addition, the image gen-
eration function 552 transmits the generated ultrasound
image data at each time to the generation function 556. The
acquisition function 553 may acquire the position informa-
tion of the position sensor 61 at each time during the
provisional scanning and transmit the acquired position
information to the generation function 556.

[0080] The generation function 556 calculates the distance
between the body surface of the scanning target site and the
ultrasonic-wave transmission-reception surface of the ultra-
sound probe 2 by using the positioning information (infor-
mation associating the probe position information and the
drive amount information) received from the alignment
function 555, the drive amount information at each time
received from the mechanism control function 554 (or the
position information at each time acquired from the acqui-
sition function 553), and the ultrasound image data at each
time received from the image generation function 552 Then,
the generation function 556 generates a scanning path based
on the calculated distance.

[0081] For example, the generation function 556 calcu-
lates the central position of the ultrasonic-wave transmis-
sion-reception surface of the ultrasound probe 2 in the
coordinate system of the mechanical mechanism 7 from the
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drive amount information at each time received from the
mechanism control function 554 and the positioning infor-
mation. For example, the generation function 556 calculates
the coordinates of the position sensor 61 in the coordinate
system of the mechanical mechanism 7 from the drive
amount information and the positioning information of the
mechanical mechanism 7. Then, the generation function 556
converts the calculated coordinates of the position sensor 61
into the central coordinates of the ultrasonic-wave transmis-
sion-reception surface based on information of the attach-
ment position of the position sensor 61 to the ultrasound
probe 2. The generation function 556 calculates the central
coordinates of the ultrasonic-wave transmission-reception
surface in the coordinate system of the mechanical mecha-
nism 7 at each time by performing the above-described
processing on the drive amount information at each time.

[0082] The above-described coordinate conversion pro-
cessing is omitted when the position information of the
position sensor 61 is converted into the central position
information of the ultrasonic-wave transmission-reception
surface of the ultrasound probe 2 by the acquisition function
553, and the drive amount information of the mechanical
mechanism 7 and the central position information of the
ultrasonic-wave transmission-reception surface of the ultra-
sound probe 2 are associated with each other by the align-
ment function 555. In the above-described example, the
central coordinates of the ultrasonic-wave transmission-
reception surface in the coordinate system of the mechanical
mechanism 7 at each time is calculated from the drive
amount information of the mechanical mechanism 7 at each
time by using the positioning information. However, the
embodiment is not limited thereto. The drive amount infor-
mation of the mechanical mechanism 7 at each time may be
calculated from the coordinate information of the position
sensor 61 (or the central coordinate information of the
ultrasonic-wave transmission-reception surface after con-
version) by using the positioning information.

[0083] Having calculated the central coordinates of the
ultrasonic-wave transmission-reception surface time in the
coordinate system of the mechanical mechanism 7 at each
time as described above, the generation function 556 calcu-
lates the distance between the transmission-reception sur-
face and the body surface in the coordinate system of the
mechanical mechanism 7 at each time during the provisional
scanning by using the ultrasound image data at each time.
FIG. 5 is a diagram for describing exemplary processing by
the generation function 556 according to the first embodi-
ment. FIG. 5 illustrates a cross-sectional view of ultrasound
image data collected by the provisional scanning performed
while the ultrasound probe 2 is slid in the direction from the
forearm to the hand by drive of the first mechanism unit 721.
In other words, FIG. 5 illustrates an image obtained by
connecting a plurality of pieces of ultrasound image data
collected by the ultrasound probe 2 being slid.

[0084] For example, the generation function 556 calcu-
lates the distance between the transmission-reception sut-
face and the body surface from the central coordinates of the
ultrasonic-wave transmission-reception surface at each time
and the position of the body surface in the ultrasound image
data collected at each time. For example, the generation
function 556 extracts, based on time, the ultrasound image
data corresponding to the central coordinates of the ultra-
sonic-wave transmission-reception surface at Position P1 in
FIG. 5, and detects the body surface from the extracted
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ultrasound image data. The detection of the body surface in
the ultrasound image data is executed by an existing optional
method.

[0085] Then, the generation function 556 calculates the
distance between the detected body surface and the ultra-
sonic-wave transmission-reception surface. Specifically, the
generation function 556 calculates the distance between the
body surface at Position P1 and the ultrasonic-wave trans-
mission-reception surface. Similarly, the generation function
556 calculates the distance between the body surface at each
position such as Position P2 and the ultrasonic-wave trans-
mission-reception surface. In this manner, the generation
function 556 calculates, for each position of the ultrasound
probe 2 in the coordinate system of the mechanical mecha-
nism 7, the distance between the body surface and the
ultrasonic-wave transmission-reception surface during the
provisional scanning.

[0086] In addition, the generation function 556 generates
a scanning path based on the calculated distance. For
example, the generation function 556 generates a scanning
path, the distance of which from the body surface is equal to
a predetermined distance. FIG. 6 is a diagram illustrating
exemplary generation of a scanning path by the generation
function 556 according to the first embodiment. For
example, as illustrated in FIG. 6, the generation function 556
generates Scanning Path a5 on which the transmission-
reception surface of the ultrasound probe 2 slides at a
position separated from the body surface by “Distance ad”.

[0087] In such a case, the generation function 556 calcu-
lates, for each position of the ultrasound probe 2, the
coordinates of the position separated from the body surface
by “Distance a4” based on the distance between the body
surface and the ultrasonic-wave transmission-reception sur-
face at the position of the ultrasound probe 2 in the coor-
dinate system of the mechanical mechanism 7. Then, the
generation function 556 connects the calculated coordinates
to generate Scanning Path a5. In addition, the generation
function 5 stores the generated Scanning Path a5 in the
memory 54.

[0088] The above-described scanning path may be gener-
ated based on two-dimensionally collected ultrasound image
data, or may be generated based on three-dimensionally
collected ultrasound image data. Specifically, as described
above, the generation function 556 can use two-dimensional
ultrasound image data as illustrated in FIG. 5 calculate the
distance between the body surface and the ultrasonic-wave
transmission-reception surface for each position of the ultra-
sound probe 2 in the coordinate system of the mechanical
mechanism 7, but may use ultrasound image data three-
dimensionally collected in the provisional scanning to three-
dimensionally extract the body surface and calculate the
distance between each position on the body surface and the
transmission-reception surface.

[0089] Insuch acase, for example, the generation function
556 calculates the distance between each position on the
body surface and the transmission-reception surface for each
position of the ultrasound probe 2 in the provisional scan-
ning. Accordingly, the generation function 556 can acquire
information such as irregularities and tilts of the body
surface. Specifically, the generation function 556 can
acquire stereoscopic information of the body surface (planer
information of the body surface) and use the stereoscopic
information to generate a scanning path.
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[0090] When having acquired the stereoscopic informa-
tion of the body surface, the generation function 556 can
generate a scanning path while taking into account the angle
of the ultrasound probe 2 in addition to the distance from the
body surface. FIGS. 7A to 7C are each a diagram for
describing the angle of the scanning path according to the
first embodiment. FIGS. 7A to 7C illustrate sections
orthogonal to the longitudinal direction of the scanning
target site (forearm).

[0091] When ultrasound image data is three-dimension-
ally collected, the generation function 556 can detect, for
example, the body surface illustrated with an upper curved
line of the section illustrated in FIG. 7A, FIG. 7A illustrates
only the section, but in reality, information of the body
surface in the depth direction in FIG. 7A is detected as well
when the ultrasound image data is three-dimensionally col-
lected as the ultrasound probe 2 is sliding in the longitudinal
direction of the forearm. In other words, the generation
function 556 can detect a curved surface of the body surface
on the ultrasound probe 2 side.

[0092] Having detected the curved surface of the body
surface in this manner, the generation function 556 calcu-
lates the distance between each position on the body surface
and the transmission-reception surface of the ultrasound
probe When generating a scanning path while taking the
angle of the ultrasound probe 2 into account, for example,
the generation function 556 detects a position, the distance
from which to the ultrasound probe 2 is shortest for each
predetermined section on the body surface as illustrated in
FIG. 7A, and sets the scanning path so that the distance to
the detected position is equal to “Distance a4”. Then, the
generation function 556 sets the angle of the ultrasound
probe 2 to be orthogonal to Tangent Line L1 at the position,
the distance from which to the ultrasound probe 2 is shortest
on the body surface.

[0093] The generation function 556 executes the above-
described processing for each predetermined section in the
longitudinal direction of the scanning target site (the forearm
to the hand), thereby generating a scanning path from the
forearm to the hand in the longitudinal direction while
taking the angle of the ultrasound probe 2 into account. In
other words, the generation function 556 generates a scan-
ning path through which the ultrasound probe 2 vertically
moves and the angle thereof changes as the ultrasound probe
2 slides from the forearm to the hand in the longitudinal
direction.

[0094] The generation function 556 can also generate a
scanning path on which ultrasonic wave is transmitted and
received to and from the scanning target site at a predeter-
mined angle. In such a case, for example, the generation
function 556 detects a position, the distance from which to
the ultrasound probe 2 is shortest at the scanning target site,
and generates a scanning path on which scanning is executed
in a direction at the predetermined angle relative to the
detected position. For example, as illustrated in FIG. 7B, the
generation function 556 determines the angle of the ultra-
sound probe so that ultrasonic wave is transmitted and
received in a direction orthogonal to Tangent Line [.2 at a
predetermined angle relative to the forearm. Then, the
generation function 556 calculates coordinates, the distances
from which to the body surface are equal to “Distance ad”
in the longitudinal direction at the determined angle. Then,
the generation function 556 connects the calculated coordi-
nates to generate a scanning path.
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[0095] The angle of the ultrasound probe 2 is set for each
scanning target site and each examination content and stored
in the memory 54 in advance. The generation function 556
reads this information from the memory 54 when setting the
angle of the ultrasound probe 2.

[0096] The generation function 556 can also generate a
scanning path on which ultrasonic wave is transmitted and
received while the angle of the ultrasound probe 2 is
changed along a curved face of the scanning target site. In
such a case, for example, the generation function 556
calculates an angle perpendicular to a tangent line on a
curved line indicating the body surface at a predetermined
section of the scanning target site, and generates a scanning
path on which ultrasonic wave is transmitted and received in
a direction at the calculated angle. For example, as illus-
trated in FIG. 7C, the generation function 556 sets a tangent
line on the body surface from Tangent Line L2 to Tangent
Line L3 on a curved line indicating the forearm, and
calculates coordinates, the distances from which to the
transmission-reception surface of the ultrasound probe 2 are
equal to “Distance a4” for each set tangent line along the
curved line. Then, the generation function 556 connects the
calculated coordinates to generate a scanning path.

[0097] In the above-described embodiment, a scanning
path is generated by the single provisional scanning. How-
ever, the embodiment is not limited thereto. A plurality of
times of the provisional scanning may be performed, and a
plurality of scanning paths may be generated based on the
plurality of times of the provisional scanning. For example,
when scanning path is generated for each finger in finger
rheumatism diagnosis, the provisional scanning is some-
times performed a plurality of times in the ultrasound probe
2 having a transducer element width of “15 em” approxi-
mately.

[0098] In such a case, the mechanical mechanism 7
includes a mechanism unit configured to move the ultra-
sound probe 2 in a direction orthogonal to Arrow al and
Arrow a2 illustrated in FIG. 2. The control function 551 and
the mechanism control function 554 execute a plurality of
times of the provisional scanning of the hand as the scanning
target site. For example, the control function 551 and the
mechanism control function 554 control the mechanical
mechanism 7 to provisionally scan a region on the thumb
side of the hand from the start position of the provisional
scanning. Then, when the provisional scanning is executed
up to the fingertip, the control function 551 and the mecha-
nism control function 554 return the ultrasound probe 2 to
the start position of the provisional scanning, and drive, in
the direction orthogonal to Arrow al and Arrow a2, the
mechanism unit configured to move the ultrasound probe 2,
thereby moving the ultrasound probe 2 to the little finger
side to execute the provisional scanning again.

[0099] Accordingly, the ultrasound diagnostic apparatus 1
executes the provisional scanning of the five fingers.
Whether the scanning is executed up to the fingertip is
determined based on, for example, the ultrasound image
data. For example, the mechanism control function 554
determines that the scanning is executed up to the fingertip
when information indicating the body surface is lost in
ultrasound image data generated by the image generation
function 552.

[0100] When the provisional scanning of the five fingers is
executed as described above, the generation function 556
generates a canning path for each finger. Specifically, the
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generation function 556 identifies each finger included in the
ultrasound image data based on the ultrasound image data at
each time collected by the provisional scanning and infor-
mation of the drive amount of the mechanical mechanism at
each time, and generates a scanning path for each identified
finger. The generation function 556 may generate scanning
paths of the same type for all fingers or may generate a
scanning path of a type selected for each finger. For
example, the generation function 556 generates scanning
paths of the type illustrated in FIG. 7B for all fingers.
Alternatively, the generation function 556 selects any of the
types in FIGS. 7A to 7C for each finger and generates a
scanning path of the selected type.

[0101] As described above, the generation function 556
can generate scanning paths of various kinds of types based
on the provisional scanning. The generation function 556
stores each scanning path generated in this manner in the
memory 54. The generation function 556 sets a moving
speed when the ultrasound probe 2 is moved along the
scanning path, generates mechanical mechanism control
information associated with the set moving speed, and stores
the generated mechanical mechanism control information in
the memory 54. The moving speed may be optionally set,
and may be set in advance or specified by the operator.
[0102] The control function 551 and the mechanism con-
trol function 554 read a scanning path stored in the memory
54, and execute scanning based on the read scanning path.
Specifically, the control function 551 and the mechanism
control function 554 read the mechanical mechanism control
information and control the ultrasound probe 2 to perform
scanning while moving on the scanning path at a moving
speed set in the mechanical mechanism control information.
[0103] For example, in a case of Scanning Path a5 illus-
trated in FIG. 6, the mechanism control function 554 con-
trols drive of the first mechanism unit 721 and drive of the
second mechanism unit 722 so that the transmission-recep-
tion surface of the ultrasound probe 2 passes through coor-
dinates on Scanning Path a5. Specifically, the mechanism
control function 554 controls drive of the first mechanism
unit 721 to control slide in the direction of Arrow al, and
controls drive of the second mechanism unit 722 to control
slide of the third holding unit 713 in the direction of Arrow
a2.

[0104] For example, in cases of scanning paths of the
types illustrated in FIGS. 7A to 7C, the mechanism control
function 554 controls drive of the first mechanism unit 721
and the second mechanism unit 722 to control slide in the
direction of Arrow al and slide in the direction of Arrow a2,
and controls drive of the third mechanism unit 723 to control
rotation of the fourth holding unit 714. When a plurality of
scanning paths are stored as in a case of finger rheumatism,
the mechanism control function 554 further controls, in the
direction orthogonal to Arrow al and Arrow a2, the mecha-
nism unit configured to move the ultrasound probe 2.
[0105] While the mechanism unit 72 is controlled by the
mechanism control function 554, the control function 551
controls transmission and reception of ultrasonic wave to
collect ultrasound image data corresponding to a scanning
path.

[0106] In the above-described embodiment, a scanning
path, the distance from which to the body surface is equal to
a predetermined distance is generated. However, the dis-
tance from the body surface may be determined based on the
focal point of the ultrasound probe 2. Specifically, the
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generation function 556 calculates a distance by which the
ultrasound probe 2 is to be separated from the body surface
of the subject based on the focal point of the ultrasound
probe 2, and generates a scanning path on which the
ultrasound probe 2 is moved while being separated by the
calculated distance.

[0107] Insuch a case, the generation function 556 acquires
the position of the focal point of the ultrasound probe
currently used. Then, the generation function 556 sets the
distance between the body surface and the transmission-
reception surface so that the acquired position of the focal
point coincides with a desired position in the body cavity.
For example, when the focal point is positioned at “10 cm”
from the transmission-reception surface of the ultrasound
probe and the position of the focal point is set to be at “2 cm”
inside the body surface, the generation function 556 sets the
distance between the body surface and the transmission-
reception surface to be “8 cm” and generates a scanning
path.

[0108] The following describes processing by the ultra-
sound diagnostic apparatus 1 according to the first embodi-
ment with reference to FIG. 8. FIG. 8 is a flowchart for
describing the procedure of the processing by the ultrasound
diagnostic apparatus 1 according to the first embodiment.
FIG. 8 illustrates the procedure of the processing when the
provisional scanning is executed a plurality of times. Step
S101 illustrated in FIG. 8 is executed when the processing
circuitry 55 reads a computer program corresponding to the
alignment function 555 from the memory 54. Steps S102 to
S105 and S109 are executed when the processing circuitry
55 reads computer programs corresponding to the control
function 551 and the mechanism control function 554 from
the memory 54. Step S106 is executed when the processing
circuitry 55 reads a computer program corresponding to the
acquisition function 553 from the memory 54. Steps S107
and S108 are executed when the processing circuitry 55
reads a computer program corresponding to the generation
function 556 from the memory 54.

[0109] In the ultrasound diagnostic apparatus 1 according
the first embodiment, the processing circuitry 55 associates
the position information of the ultrasound probe 2 and the
position information (drive amount information) of the
mechanical mechanism 7 (step S101). Then, the processing
circuitry 55 executes the provisional scanning while trans-
lating the ultrasound probe 2 by the mechanical mechanism
7 so that the ultrasound probe 2 does not contact the subject
(step S102), and determines whether image information is
obtained (step S103).

[0110] When the image information is obtained (positive
determination at step S103), the processing circuitry 55
continues the processing at step S102. When the image
information is not obtained (negative determination at step
S103), the processing circuitry 55 determines whether all
provisional scans have ended (step S104). When not all
provisional scans have ended (negative determination at step
S104), the processing circuitry 55 moves the ultrasound
probe to the start position (step S105), and executes the
processing at step S102.

[0111] When all provisional scans have ended (positive
determination at step S104), the processing circuitry 55
acquires position information of the body surface of the
subject based on ultrasound images collected by the provi-
sional scanning (step S106), and generates a scanning path
separated from the body surface by a predetermined distance
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based on position information of the body surface and
position information of the mechanical mechanism 7 (step
S107).

[0112] In addition, tree processing circuitry 55 generates,
based on the moving speed of the ultrasound probe 2,
mechanical mechanism control information in which move-
ment information is added to the scanning path (step S108).
Thereafter, the processing circuitry 55 scans the subject by
controlling the mechanical mechanism 7 based on the
mechanical mechanism control information (step S109).

[0113] As described above, according the first embodi-
ment, the ultrasound probe 2 transmits and receives ultra-
sonic waves. The mechanical mechanism 7 holds and moves
the ultrasound probe 2 while the ultrasonic-wave transmis-
sion-reception surface of the ultrasound probe 2 is pointed to
the subject. The generation function 556 generates, based on
information of the positional relation between the ultrasound
probe 2 moved by the mechanical mechanism 7 and the
subject, a scanning path on which the ultrasound probe is
moved when ultrasound scanning is executed on the subject.
Thus, the ultrasound diagnostic apparatus 1 according to the
first embodiment can generate the scanning path by using
the positional relation between the subject and the ultra-
sound probe, thereby allowing easy generation of the scan-
ning path.

[0114] According to the first embodiment, the generation
function 556 acquires the distance between the body surface
of the subject and the ultrasonic-wave transmission-recep-
tion surface of the ultrasound probe based on reflected wave
data collected as the ultrasound probe is moved relative to
the subject in a non-contact manner by the mechanical
mechanism 7, and generates a scanning path based on the
acquired distance. Thus, the ultrasound diagnostic apparatus
1 according to the first embodiment can easily acquire the
positional relation between the subject and the ultrasound
probe 2, thereby allowing easy generation of the scanning
path.

[0115] According to the first embodiment, the generation
function 556 calculates a distance by which the ultrasound
probe 2 is to be separated from the body surface of the
subject based on the focal point of the ultrasound probe 2,
and generates a scanning path on which the ultrasound probe
is moved while being separated by the calculated distance.
Thus, the ultrasound diagnostic apparatus 1 according to the
first embodiment can automatically acquire ultrasound
image data with the focal point being set to a desired
position, thereby allowing easy generation of an easily
observable image.

[0116] According to the first embodiment, the generation
function 556 additionally generates, based on information of
the three-dimensional positional relation between the ultra-
sound probe 2 moved by the mechanical mechanism 7 and
the subject, the angle information of the ultrasound probe 2
when ultrasound scanning is executed on the subject. Thus,
the ultrasound diagnostic apparatus 1 according to the first
embodiment can acquire ultrasound image data from various
angles in accordance with conditions, thereby allowing more
stable ultrasound diagnosis.

[0117] According to the first embodiment, the mechanical
mechanism 7 executes ultrasound scanning on the subject by
moving the ultrasound probe 2 based on a scanning path
generated by the generation function 556. Thus, the ultra-
sound diagnostic apparatus 1 according to the first embodi-
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ment can stably provide easily observable ultrasound image
data when operated by any operator.

Second Embodiment

[0118] In the first embodiment, the distance between the
ultrasound probe 2 and the body surface is calculated from
ultrasound image data collected by the provisional scanning.
The following description of a second embodiment is made
on a case in which the distance between the ultrasound probe
2 and the body surface is calculated by using a video
obtained through image capturing of the states of the subject
and the ultrasound probe 2 (or the mechanical mechanism 7)
with a camera. FIG. 9 is a block diagram illustrating an
exemplary configuration of an ultrasound diagnostic appa-
ratus la according to the second embodiment. The ultra-
sound diagnostic apparatus la according to the second
embodiment is different from the first embodiment in that a
camera 9 is connected and the generation function 556
performs different processing. The following description
will be made mainly on this difference.

[0119] In the ultrasound diagnostic apparatus 1a according
to the second embodiment, the camera 9 collects a video
illustrating the positional relation between the subject and
the ultrasound probe 2 (or the mechanical mechanism 7),
and transmits the collected video to the generation function
556. For example, the camera 9 is disposed in a room in
which ultrasound diagnosis is performed, and is connected
with the ultrasound diagnostic apparatus 1a. Then, under
control of the generation function 556, the camera 9 collects
a video of scanning of the subject by the mechanical
mechanism 7 and transmits the video to the ultrasound
diagnostic apparatus 1a.

[0120] The video collected by the camera 9 is collected in
a direction orthogonal to a section in ultrasound image data.
For example, the camera 9 collects a video illustrating the
positional relation between the subject and the ultrasound
probe 2 (or the mechanical mechanism 7) in the direction
illustrated in FIG. 3. In scanning of the subject by the
mechanical mechanism 7 when the camera 9 collects a
video, ultrasonic wave does not need to be actually trans-
mitted and received. When the positional relation between
the subject and the ultrasound probe 2 (or the mechanical
mechanism 7) is three-dimensionally collected, the cameras
9 are installed at a plurality of positions to collect a plurality
of videos.

[0121] The generation function 556 according to the sec-
ond embodiment acquires the distance between the body
surface of the subject and the ultrasonic-wave transmission-
reception surface of the ultrasound probe 2 based on an
image obtained by capturing a state in which the ultrasound
probe 2 is moved relative to the subject in a non-contact
manner by the mechanical mechanism 7, and generates a
scanning path based on the acquired distance. Specifically,
the generation function 556 calculates the distance between
the ultrasound probe 2 and the body surface at each position
in the mechanical mechanism 7 based on a video acquired
from the camera 9, and generates a scanning path based on
the calculated distance.

[0122] For example, the generation function 556 calcu-
lates, from the video, the distance between the body surface
and the transmission-reception surface of the ultrasound
probe 2 for each time. Then, the generation function 556
calculates, based on the calculated distance, the coordinates
of a position separated from the body surface by a prede-
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termined distance for each position of the ultrasound probe
2. Then, the generation function 556 connects the calculated
coordinates to generate a scanning path.

[0123] When the ultrasound probe 2 is included in the
video received from the camera 9, the generation function
556 calculates the distance between the subject and the
transmission-reception surface of the ultrasound probe 2
directly from the video. When the ultrasound probe 2 is not
included in the video but only the mechanical mechanism 7
is included, the generation function 556 calculates the dis-
tance between the subject and the transmission-reception
surface of the ultrasound probe 2 from the video based on
the positional relation of the ultrasound probe 2 relative to
the mechanical mechanism 7. In other words, the generation
function 556 calculates the position of the transmission-
reception surface of the ultrasound probe 2 held by the
mechanical mechanism 7 from the structure of the mechani-
cal mechanism 7.

[0124] The following describes processing by the ultra-
sound diagnostic apparatus la according to the second
embodiment with reference to FIG. 10. FIG. 10 is a flow-
chart for describing the procedure of the processing by the
ultrasound diagnostic apparatus 1a according to the second
embodiment. Step S201 illustrated in FIG. 10 is executed
when the processing circuitry 55 reads a computer program
corresponding to the alignment function 555 from the
memory 54. Steps S202 and S203 are executed when the
processing circuitry 55 reads computer programs corre-
sponding to the mechanism control function 554 and the
generation function 556 from the memory 54. Step S204
executed when the processing circuitry 55 reads a computer
program corresponding to the acquisition function 553 from
the memory 54. Steps S205 and S206 are executed when the
processing circuitry 55 reads a computer program corre-
sponding to the generation function 556 from the memory
54. Step S207 is executed when the processing circuitry 55
reads computer programs corresponding to the control func-
tion 551 and the mechanism control function 554 from the
memory 54.

[0125] In the ultrasound diagnostic apparatus la accord-
ing to the second embodiment, the processing circuitry 55
associates the position information of the ultrasound probe
2 and the position information (drive amount information) of
the mechanical mechanism 7 (step S201). Then, the pro-
cessing circuitry 55 performs image capturing by the camera
9 while translating the ultrasound probe 2 by the mechanical
mechanism 7 so that the ultrasound probe 2 does not contact
the subject (step S202), and determines whether the trans-
lation has ended (step S203).

[0126] When the translation has not ended (negative deter-
mination at step S203), the processing circuitry 55 continues
the processing at step S202. When the translation has ended
(positive determination at step S203), the processing cir-
cuitry 55 acquires position information of the body surface
of the subject based on a camera image collected by camera
image capturing (step S264), and calculates the distance
between the ultrasound probe 2 and the body surface.

[0127] Then, the processing circuitry 55 generates a scan-
ning path separated from the body surface by a predeter-
mined distance based on the distance between the ultrasound
probe and the body surface and position information of the
mechanical mechanism 7 (drive amount information) (step
S205).
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[0128] In addition, the processing circuitry 55 generates,
based the moving speed of the ultrasound probe 2, mechani-
cal mechanism control information in which movement
information is added to the scanning path (step S206).
[0129] Thereafter, the processing circuitry 55 scans the
subject by controlling the mechanical mechanism 7 based on
the mechanical mechanism control information (step S207).
[0130] As described above, according to the second
embodiment, the generation function 556 acquires the dis-
tance between the body surface of the subject and the
ultrasonic-wave transmission-reception surface of the ultra-
sound probe based on an image obtained by capturing a state
in which the ultrasound probe 2 is moved relative to the
subject in a non-contact manner by the mechanical mecha-
nism 7, and generates a scanning path based on the acquired
distance. Thus, the ultrasound diagnostic apparatus 1la
according to the second embodiment can easily acquire the
positional relation between the subject and the ultrasound
probe 2, thereby allowing easy generation of the scanning
path.

Third Embodiment

[0131] In the first embodiment, the distance between the
ultrasound probe 2 and the body surface is calculated from
ultrasound image data collected by the provisional scanning.
The following description of a third embodiment is made on
a case in which the distance between the subject and the
ultrasound probe 2 (or the mechanical mechanism 7) is
measured by a distance sensor. FIG. 11 is a block diagram
illustrating an exemplary configuration of the ultrasound
diagnostic apparatus 1 according to the third embodiment.
The ultrasound diagnostic apparatus 1 according to the third
embodiment is different from the first embodiment in that a
distance sensor 10 is connected and the generation function
556 performs different processing. The following descrip-
tion will be made mainly on this difference.

[0132] Inan ultrasound diagnostic apparatus 15 according
to the third embodiment, the distance sensor 10 measures the
distance between the subject and the ultrasound probe 2 or
the mechanical mechanism 7), and transmits the measured
distance to the generation function 556. For example, the
distance sensor 10 is a laser distance measurement device
mounted at a predetermined position on the ultrasound probe
2 or at a predetermined position on the mechanical mecha-
nism 7 and connected with the ultrasound diagnostic appa-
ratus 15. Under control of the generation function 556, the
distance censor 10 measures the distance to the body surface
of the subject each time the subject is scanned by the
mechanical mechanism 7, and transmits the result of the
measurement to the ultrasound diagnostic apparatus 1&.
Ultrasonic wave does not need to be actually transmitted and
received in the scanning of the subject by the mechanical
mechanism 7 when the distance sensor measures the dis-
tance.

[0133] The generation function 556 according to the third
embodiment acquires the distance between the body surface
of the subject and the ultrasonic-wave transmission-recep-
tion surface of the ultrasound probe 2 based on the distance
information acquired by the distance sensor 10 while the
ultrasound probe 2 is moved relative to the subject in a
non-contact manner by the mechanical mechanism 7, and
generates a scanning path based on the acquired distance.

[0134] For example, the generation function 556 calcu-
lates the coordinates of a position separated from the body
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surface by a predetermined distance for each position of the
ultrasound probe 2 based on the distance at each time. Then,
the generation function 556 connects the calculated coordi-
nates to generate a scanning path.

[0135] The generation function 556 calculates the distance
between the subject and the transmission-reception surface
of the ultrasound probe 2 from the distance information
acquired by the distance sensor 10 based on the positional
relation (information of a position at which the distance
sensor 10 is attached) of the distance sensor 10 with the
mechanical mechanism 7 or the ultrasound probe 2. When
the positional relation between the subject and the ultra-
sound probe 2 (or the mechanical mechanism 7) is three-
dimensionally collected, the distance sensors 10 are
mounted at a plurality of positions to acquire a plurality of
pieces of distance information.

[0136] The following describes processing by the ultra-
sound diagnostic apparatus 15 according to the third
embodiment with reference to FIG. 12. FIG. 12 is a flow-
chart for describing the procedure of the processing by the
ultrasound diagnostic apparatus 15 according to the third
embodiment. Step S301 illustrated in FIG. 12 is executed
when the processing circuitry 55 reads a computer program
corresponding to the alignment function 555 from the
memory 54. Steps S302 and S303 are executed when the
processing circuitry 55 reads computer programs corre-
sponding to the mechanism control function 554 and the
generation function 556 from the memory 54. Steps S304 to
S306 are executed when the processing circuitry 55 reads a
computer program corresponding to the generation function
556 from the memory 54. Step S307 is executed when the
processing circuitry 55 reads computer programs corre-
sponding to the control function 551 and the mechanism
control function 554 from the memory 54.

[0137] In the ultrasound diagnostic apparatus 15 accord-
ing to the third embodiment, the processing circuitry 55
associates the position information of the ultrasound probe
2 and the position information (drive amount information) of
the mechanical mechanism 7 (step S301). Then, the pro-
cessing circuitry 55 measures the distance to the body
surface of the subject by the distance sensor 10 while
translating the ultrasound probe 2 by the mechanical mecha-
nism 7 so that the ultrasound probe 2 does not contact the
subject (step S302), and determines whether the translation
has ended (step S303).

[0138] When the translation has not ended (negative deter-
mination at step S303), the processing circuitry 55 continues
the processing at step S302. When the translation has ended
(positive determination at step S303), the processing cir-
cuitry 55 acquires position information of the body surface
of the subject based on the distance information measured
by the distance sensor 10 (step S304), and calculates the
distance between the ultrasound probe 2 and the body
surface.

[0139] Then, the processing circuitry 55 generates a scan-
ning path separated from the body surface by a predeter-
mined distance based on the distance between the ultrasound
probe and the body surface and position information of the
mechanical mechanists 7 (drive amount information) (step
S305).

[0140] In addition, the processing circuitry 55 generates,
based on the moving speed of the ultrasound probe 2, the
mechanical mechanism control information in which move-
ment information is added to the scanning path (step S306).
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Thereafter, the processing circuitry 55 scans the subject by
controlling the mechanical mechanism 7 based on the
mechanical mechanism control information (step S307).
[0141] As described above, according to the third embodi-
ment, the generation function 556 acquires the distance
between the body surface of the subject and the ultrasonic-
wave transmission-reception surface of the ultrasound probe
2 based on the distance information acquired by the distance
sensor 10 while the ultrasound probe 2 is moved relative to
the subject in a non-contact manner by the mechanical
mechanism 7, and generates a scanning path based on the
acquired distance. Thus, the ultrasound diagnostic apparatus
15 according to the third embodiment can easily acquire the
positional relation between the subject and the ultrasound
probe 2, thereby allowing easy generation of the scanning
path.

Fourth Embodiment

[0142] In the first to third embodiments, scanning is
executed relative to the subject in a non-contact manner. The
following description of a fourth embodiment is made on a
case in which scanning is executed in contact with the
subject to generate a scanning path. FIG. 13 is a block
diagram illustrating an exemplary configuration of an ultra-
sound diagnostic apparatus 1lc¢ according to the fourth
embodiment. The ultrasound diagnostic apparatus is accord-
ing to the fourth embodiment is different from the first
embodiment in that a pressure sensor 11 is connected and the
generation function 556 performs different processing. The
following description will be made mainly on this differ-
ence.

[0143] Inthe ultrasound diagnostic apparatus 1¢ according
to the fourth embodiment, the pressure sensor 11 measures
pressure applied between the subject and the transmission-
reception surface of the ultrasound probe 2, and transmits
the measured pressure to the generation function 556. For
example, the pressure sensor 11 is disposed at a predeter-
mined position on the transmission-reception surface of the
ultrasound probe 2 and connected with the ultrasound diag-
nostic apparatus 1c. Then, under control of the generation
function 556, the pressure sensor 11 continuously measures
pressure while the subject is scanned by the mechanical
mechanism 7, and transmits the result of the measurement to
the generation function 556. When movement by the
mechanical mechanism 7 is performed while the ultrasound
probe 2 is in contact with the subject, for example, thickly
applied gel or a resin plate having a low-acoustic attenuation
characteristic is used as an acoustic medium.

[0144] The generation function 556 according to the
fourth embodiment generates a scanning path based on
pressure applied between the subject and the ultrasound
probe while the ultrasound probe 2 is moved relative to the
subject in a contact manner by the mechanical mechanism 7.
For example, the generation function 556 generates, as a
scanning path, a locus when the ultrasound probe 2 is moved
so that the pressure acquired by the pressure sensor 11 has
a predetermined value.

[0145] Specifically, the generation function 556 compares
the value of the pressure acquired at each time with a
predetermined value, calculates coordinates converted from
the coordinates of the transmission-reception surface of the
ultrasound probe 2 at each time based on a result of the
comparison, and connects the calculated coordinates to
generate a scanning path. For example, when the pressure
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value at time t1 is higher than a predetermined value, the
generation function 556 acquires coordinates to which the
coordinates of the transmission-reception surface of the
ultrasound probe 2 at time ti are moved in the direction
departing from the body surface. The generation function
556 determines the moving amount of the coordinates based
on information associating a pressure value and a moving
amount and stored in the memory 54 in advance. When the
value measured by the pressure sensor 11 is equal to the
predetermined value, the current coordinates of the trans-
mission-reception surface of the ultrasound probe 2 are
included in a scanning path. The generation function 556
generates a scanning path by executing the above-described
processing for each time when the pressure is measured, and
stores the generated scanning path in the memory 54. For
example, the scanning path stored in the memory 54 is
managed for each subject, and read and used when the
subject is subjected to ultrasound scanning next time.
[0146] When the positional relation between the subject
and the ultrasound probe 2 is three-dimensionally collected,
the pressure sensors 11 are mounted at a plurality of posi-
tions to acquire a plurality of pieces of pressure information.
For example, when a scanning path to which angle infor-
mation is added is to be generated, the generation function
556 sets, as predetermined values to the pressure sensors 11
disposed at a plurality of positions, values of the pressure
sensors when the ultrasound probe 2 has a desired angle.
Then, the generation function 556 executes the above-
described processing while comparing the result of mea-
surement by the pressure sensor 11 at each position with the
predetermined value set to the pressure sensor, thereby
generating a scanning path to which angle information is
added.

[0147] Position control can be performed in real time
while the ultrasound probe 2 is moved by the mechanical
mechanism 7 by transmitting the coordinates (coordinates
after conversion based on the pressure value) calculated by
the generation function 556 to the mechanism control func-
tion 554. Specifically, the control function 551 executes
ultrasound scanning while the mechanism control function
554 controls the transmission-reception surface of the ultra-
sound probe to move to the coordinates received from the
generation function 556.

[0148] In the above-described embodiment, the pressure
sensor 11 is used to detect the contact state of the ultrasound
probe 2 relative to the subject. However, the embodiment is
not limited thereto, and an elasticity value acquired by
elastography may be used in place of the pressure sensor 11.
In such a case, the generation function 556 generates, as a
scanning path, a locus when the ultrasound probe 2 is moved
so that the elasticity value acquired by elastography is equal
to a predetermined value.

[0149] In the above-described embodiment, control is
performed so that the pressure or the elasticity value is equal
to a predetermined value. However, the embodiment is not
limited thereto, and for example, control may be performed
so that the pressure or the elasticity value is in a predeter-
mined range or equal to or lower than a predetermined
threshold.

[0150] The following describe processing by the ultra-
sound diagnostic apparatus 1lc¢ according to the fourth
embodiment with reference to FIG. 14. FIG. 14 is a flow-
chart for describing the procedure of the processing by the
ultrasound diagnostic apparatus 1¢ according to the fourth
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embodiment. In the case of FIG. 14, control is performed so
that pressure does not exceed a threshold. Step S401 illus-
trated in FIG. 14 is executed when the processing circuitry
55 reads a computer program corresponding to the align-
ment function 555 from the memory 54. Steps S402 to S404
are executed when the processing circuitry 55 reads com-
puter programs corresponding to the mechanism control
function 554 and the generation function 556 from the
memory 54. Step S405 is executed when the processing
circuitry 55 reads a computer program corresponding to the
mechanism control function 554 from the memory 54. Step
S406 is executed when the processing circuitry 55 reads a
computer program corresponding to the generation function
556 from the memory 54.

[0151] Inthe ultrasound diagnostic apparatus 1¢ according
to the fourth embodiment, the processing circuitry 55 asso-
ciates the position information of the ultrasound probe 2 and
the position information (drive amount information) of the
mechanical mechanism 7 (step S401). Then, the processing
circuitry 55 causes the ultrasound probe 2 to contact the
subject and executes scanning while the ultrasound probe is
moved by the mechanical mechanism 7, measures the pres-
sure applied between the body surface of the subject and the
ultrasound probe 2 at each position by the pressure sensor 11
(step S402), and determines whether the movement has
ended (step S403).

[0152] When the movement has not ended (negative deter-
mination at step S403), the processing circuitry 55 deter-
mines whether the pressure has exceeded the threshold (step
S404). When the pressure has exceeded the threshold (posi-
tive determination at step S404), the processing circuitry 55
controls the mechanical mechanism 7 so that the pressure
becomes lower than the threshold (step S405). When the
pressure has not exceeded the threshold (negative determi-
nation at step S404), the processing circuitry 55 continues
the processing at step S402.

[0153] When the movement has ended at step S403 (posi-
tive determination at step S403), the processing circuitry 55
stores the locus of the movement as a scanning path (step
S406).

[0154] As described above, according to the fourth
embodiment, the generation function 556 generates a scan-
ning path based on the pressure applied between the subject
and the ultrasound probe 2 while the ultrasound probe 2 is
moved relative to the subject in a contact manner by the
mechanical mechanism 7. Thus, the ultrasound diagnostic
apparatus 1¢ according to the fourth embodiment can gen-
erate a scanning path simultaneously with automatic execu-
tion of scanning by the mechanical mechanism 7, thereby
performing fast ultrasound diagnosis and allowing easy
generation of a scanning path used in the subsequent scan-
ning.

Fifth Embodiment

[0155] In the first to fourth embodiments, the positional
relation between the body surface of the subject and the
transmission-reception surface of the ultrasound probe 2 is
acquired by using a single means (for example, reflected
wave data acquired by provisional scanning or an image
captured by a camera), and a scanning path is generated
based on the acquired positional relation. In a fifth embodi-
ment, a plurality of pieces of information of the positional
relation between the body surface of the subject and the
transmission-reception surface of the ultrasound probe 2 are
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acquired by using a plurality of means, and a scanning path
is generated based on the acquired pieces of information of
the positional relation.

[0156] An ultrasound diagnostic apparatus according to
the fifth embodiment has a configuration in accordance with
each means configured to acquire information of the posi-
tional relation between the body surface of the subject and
the transmission-reception surface of the ultrasound probe 2.
For example, the ultrasound diagnostic apparatus having the
configuration illustrated in FIG. 9 executes each processing
described in the first and second embodiments when infor-
mation of the positional relation between the body surface
and the transmission-reception surface of the ultrasound
probe 2 is acquired by using reflected wave data acquired by
provisional scanning and an image captured by a camera.
Specifically, the ultrasound diagnostic apparatus according
to the fifth embodiment includes a component of the ultra-
sound diagnostic apparatus described in the first to fourth
embodiments, which is necessary for acquiring information
of the positional relation between the body surface of the
subject and the transmission-reception surface of the ultra-
sound probe 2, and executes the corresponding processing.
[0157] The following exemplarily describes processing by
the ultrasound diagnostic apparatus when information of the
positional relation (distance information) between the body
surface and the transmission-reception surface of the ultra-
sound probe 2 is acquired by using reflected wave data
acquired by provisional scanning and an image captured by
a camera. The following description is merely exemplary,
and combination of means for acquiring information of the
positional relation between the body surface and the trans-
mission-reception surface of the ultrasound probe 2 is
optional. Although the following exemplarily describes a
case in which two kinds of means are used as the means for
acquiring information of the positional relation between the
body surface and the transmission-reception surface of the
ultrasound probe 2, the ultrasound diagnostic apparatus may
use three or more kinds of means.

[0158] For example, when information of the positional
relation between the body surface and the transmission-
reception surface of the ultrasound probe 2 is acquired by
using reflected wave data acquired by provisional scanning
and an image captured by a camera, the ultrasound diag-
nostic apparatus executes each processing described in the
first embodiment to execute the provisional scanning,
acquires the reflected wave data, and acquires the distance
between the body surface and the transmission-reception
surface of the ultrasound probe 2 based on the acquired
reflected wave data. In addition, the ultrasound diagnostic
apparatus executes each processing described in the second
embodiment to capture an image by the camera and acquires
the distance between the body surface and the transmission-
reception surface of the ultrasound probe 2 based on the
captured image. The acquisition of the reflected wave data
and the image capturing by the camera may be performed
simultaneously or may be performed separately.

[0159] As described above, when information of the posi-
tional relation (distance) between the body surface and the
transmission-reception surface of the ultrasound probe 2 has
been acquired by each means, the generation function 556
according to the fifth embodiment generates a scanning path
based on the distance acquired by each means. The genera-
tion function 556 executes scanning path generation in
accordance with an operation by the operator and scanning
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path generation based on comparison between the distance
acquired by each means and a threshold. The following
sequentially describes the scanning path generation in accor-
dance with an operation by the operator, and the scanning
path generation based on comparison between the distance
acquired by each means and the threshold.

[0160] For example, when a scanning path is to be gen-
erated in accordance with an operation by the operator, first,
the control function 551 controls the display 3 to display the
processing result. Specifically, the control function 551
controls the display 3 to display information related to the
distance acquired by each means. For example, the genera-
tion function 556 generates a scanning path in accordance
with the distance based on the reflected wave data, and a
scanning path in accordance with the distance based on the
image. The control function 551 controls the display 3 to
display the scanning path generated by the generation func-
tion 556.

[0161] FIG. 15 is a diagram illustrating exemplary scan-
ning path display according to the fifth embodiment. For
example, as illustrated in FIG. 15, the control function 551
controls the display 3 to display Scanning Path a5 in
accordance with the distance based on the reflected wave
data, and Scanning Path a6 in accordance with the distance
based on the image.

[0162] The operator refers to the scanning paths displayed
on the display 3, and determines a scanning path used to
actually move the ultrasound probe 2. For example, the
operator operates the input interface 4 to select Scanning
Path a5 or Scanning Path a6, thereby determining one of the
scanning paths as the scanning path to be used to actually
move the ultrasound probe 2.

[0163] The control function 551 may compare the distance
at each position with a threshold for each scanning path, and
change the display form of the scanning path based on the
result of the comparison. For example, the control function
551 displays, in an enhanced manner, a position at which the
distance between the body surface and the transmission-
reception surface of the ultrasound probe 2 exceeds the
threshold on Scanning Path a5 and Scanning Path a6 illus-
trated in FIG. 15. The threshold is used to determine whether
the distance acquired by each means is appropriate as the
distance between the body surface and the transmission-
reception surface of the ultrasound probe 2, and is set in
advance. Accordingly, the operator can determine, at glance,
whether each scanning path displayed on the display 3 is
appropriate.

[0164] For example, when no position is enhanced on a
scanning path displayed on the display 3, the operator can
determine that the scanning path is appropriate in the entire
range, and can determine the displayed scanning path as the
scanning path to be used to actually move the ultrasound
probe 2. For example, when no enhancement is displayed on
Scanning Path a5 or Scanning Path a6 illustrated in FIG. 15,
the operator can select any of the scanning paths as the
scanning path to be used to actually move the ultrasound
probe 2.

[0165] When a position is displayed in an enhanced man-
ner on a scanning path displayed on the display 3, the
operator can determine that the position displayed in an
enhancement manner on the scanning path is not appropri-
ate, and can determine a scanning path based on the deter-
mination result. For example, when no position is displayed
in an enhanced manner on Scanning Path a5 but a position
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is displayed in an enhanced manner on Scanning Path a6, the
operator can select Scanning Path a5 as the scanning path
used to actually move the ultrasound probe 2.

[0166] For example, when no position is displayed in an
enhanced manner on Scanning Path a5 but a position is
displayed in an enhanced manner on Scanning Path a6, the
operator can partially correct Scanning Path a6 by replacing
the distance at the position displayed in an enhanced manner
on Scanning Path a6 with the value of the distance at an
identical position on Scanning Path a5, and can select
Scanning Path a6 as the scanning path to be used to actually
move the ultrasound probe 2.

[0167] The operator performs the above-described scan-
ning path selection by operating the input interface. The
generation function 556 generates, in accordance with the
operation by the operator, the scanning path to be used to
actually move the ultrasound probe 2 from pieces of distance
information acquired by a plurality of means.

[0168] Subsequently, when a scanning path is to be gen-
erated based on comparison between the distance acquired
by each means and a threshold, the generation function 556
compares the distance at each position acquired by each
means with the threshold, and determines a scanning path in
accordance with the result of the comparison. For example,
the generation function 556 compares the distance at each
position based on the reflected wave data with the threshold,
and extracts a position at which the threshold is exceeded.
Similarly, the generation function 556 compares the distance
at each position based on the image with the threshold, and
extracts a position at which the threshold is exceeded.
[0169] When no position at which the threshold is
exceeded is extracted in any extraction result, the generation
function 556 generates a scanning path based on one of the
distances as the scanning path used to actually move the
ultrasound probe 2. The generation function 556 may select
distance information used for the scanning path generation
based on a priority set in advance.

[0170] Alternatively, for example, when no position at
which the threshold is exceeded is extracted in any extrac-
tion result, the generation function 556 may calculate an
average value of the distances acquired by the means at each
position, and generate a scanning path by using the calcu-
lated average value at each position.

[0171] When a position at which the threshold is exceeded
is extracted, the generation function 556 performs control
not to use, for scanning path generation, the value of the
distance at which the threshold is exceeded. For example,
when a position at which the threshold is exceeded is
extracted in only one of the extraction results, the generation
function 556 can generate a scanning path by using the
distance information when no position at which the thresh-
old is exceeded is extracted. For example, when a position
at which the threshold is exceeded is extracted in the result
of comparison of the distance at each position based on the
reflected wave data with the threshold but no position at
which the threshold is exceeded is extracted in the result of
comparison of the distance at each position based on the
image with the threshold, the generation function 556 gen-
erates a scanning path by using the distance at each position
based on the image.

[0172] When a position at which the threshold is exceeded
is extracted, the generation function 556 can partially correct
the distance by replacing the value of the distance at the
position at which the threshold is exceeded in one of the
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extraction results with the value of the distance at an
identical position at which the threshold is not exceeded in
the other extraction result, and can generate a scanning path
based on the corrected distance. For example, when a
position at which the threshold is exceeded is extracted in
the result of comparison of the distance at each position
based on the reflected wave data with the threshold but no
position at which the threshold is exceeded is extracted in
the result of comparison of the distance at each position
based on the image with the threshold, the generation
function 556 replaces the value of the distance based on the
reflected wave data at the position at which the threshold is
exceeded with the value of the distance based on the image
at an identical position. Then, the generation function 556
generates a scanning path based on the distance based on the
reflected wave data, which is partially replaced with the
distance based on the image.

[0173] When a position at which the threshold is exceeded
is extracted, the generation function 556 can correct the
distance information by executing linear interpolation by
using values at positions adjacent to the position at which the
threshold is exceeded, and can generate a scanning path by
using the corrected distance. For example, when a position
at which the threshold is exceeded is extracted in the result
of comparison of the distance at each position based on the
reflected wave data with the threshold and a position at
which the threshold is exceeded is extracted in the result of
comparison of the distance at each position based on the
image with the threshold, the generation function 556 first
determines that the distance based on the reflected wave data
is used to generate a scanning path.

[0174] Then, the generation function 556 corrects the
value of the distance based on the reflected wave data at the
position at which the threshold is exceeded through linear
interpolation using values at adjacent positions where the
threshold is not exceeded, and generates a scanning path by
using the corrected distance.

[0175] The above-described example is merely exem-
plary. Specifically, the generation function 556 may generate
a scanning path by combining the above-described processes
as appropriate.

[0176] The following describes processing by the ultra-
sound diagnostic apparatus according to the fifth embodi-
ment with reference to FIG. 16. FIG. 16 is a flowchart for
describing the procedure of the processing by the ultrasound
diagnostic apparatus according to the fifth embodiment. Step
S501 illustrated in FIG. 16 is executed when the processing
circuitry 55 reads a computer program corresponding to the
alignment function 555 from the memory 54. Steps S502 to
S505 and S509 are executed when the processing circuitry
55 reads computer programs corresponding to the control
function 551 and the mechanism control function 554 from
the memory 54. Steps S506, S507, and S509 to S511 are
executed when the processing circuitry 55 reads a computer
program corresponding to the generation function 556 from
the memory 54.

[0177] In the ultrasound diagnostic apparatus according to
the fifth embodiment, the processing circuitry 55 associates
the position information of the ultrasound probe 2 and the
position information (drive amount information) of the
mechanical mechanism 7 (step S501). Then, the processing
circuitry 55 acquires pieces of position information of the
body surface of the subject by a plurality of means while the
ultrasound probe 2 is moved by the mechanical mechanism
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7 step S502), and determines whether an automatic genera-
tion mode is activated (step S503).

[0178] When the automatic generation mode is not acti-
vated (when an operation by the operator is to be received)
(negative determination at step S503), the processing cir-
cuitry 55 generates and displays a scanning path based on
each of the pieces of position information acquired by the
plurality of means (step S504). Then, the processing cir-
cuitry 55 determines whether an operation has been received
(step S505). When an operation has been received (positive
determination at step S505), the processing circuitry 55
generates a scanning path separated from the body surface
by a predetermined distance for each position in accordance
with the operation (step S506). The processing circuitry 55
waits until an operation is received (negative determination
at step S505).

[0179] Subsequently, the processing circuitry 55 gener-
ates, based on the moving speed of the ultrasound probe 2,
the mechanical mechanism control information in which
movement information is added to the scanning path (step
S507). Thereafter, the processing circuitry 55 scans the
subject by controlling the mechanical mechanism 7 based on
the mechanical mechanism control information (step S508).
[0180] When it is determined at step S503 that the auto-
matic generation mode is activated (positive determination
at step S503), the processing circuitry 55 determines
whether the value of each of the pieces of position infor-
mation acquired by the plurality of means exceeds a thresh-
old (step S509). When the value exceeds the threshold
(positive determination at step S509), the processing cir-
cuitry 55 generates, for a position at which the threshold is
exceeded, a scanning path based on position information
acquired through linear interpolation or the position infor-
mation acquired by a means for which the threshold is not
exceeded (step S510).

[0181] When the value does not exceed the threshold
(negative determination at step S509), the processing cir-
cuitry 55 generates a scanning path based on the position
information acquired by a means for which predetermined
priority is high (step S511). After step S510 or S511, the
processing circuitry 55 proceeds to processing at step S507
and executes the processing.

[0182] As described above, according to the fifth embodi-
ment, the processing circuitry 55 controls display 3 to
display a scanning path. Thus, the ultrasound diagnostic
apparatus according to the fifth embodiment allows scanning
path selection by the operator.

[0183] According to the fifth embodiment, the input inter-
face 4 receives an operation on the scanning path displayed
on the display 3. The processing circuitry 55 determines a
scanning path on which the ultrasound probe 4 is moved in
accordance with the operation received by the input intet-
face 4. Thus, the ultrasound diagnostic apparatus according
to the fifth embodiment allows scanning path edition by the
operator.

[0184] According to the fifth embodiment, the processing
circuitry 55 generates a scanning path by selecting any one
of the distance based on the image and the distance based on
the reflected wave data for each position to which the
ultrasound probe 2 is moved relative to the subject. In
addition, according to the fifth embodiment, the processing
circuitry 55 generates a scanning path by selecting any one
of the distance measured by the distance sensor and the
distance based on the reflected wave data for each position
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to which the ultrasound probe is moved relative to the
subject. Thus, the ultrasound diagnostic apparatus according
to the fifth embodiment allows scanning path generation at
higher accuracy.

Sixth Embodiment

[0185] The first to fifth embodiments are described above,
but various different kinds of forms other than the first to
fifth embodiments described above are possible.

[0186] In the first to third embodiments described above,
a scanning path separated from the body surface of the
subject by a predetermined distance is generated. However,
the embodiments are not limited thereto. For example, a
scanning path on which the distance from the body surface
is in a predetermined range may be generated. For example,
a scanning path on which the distance from the body surface
is “6 cm to 8 cm” may be generated.

[0187] In the above-described embodiments, the ultra-
sound probe 2 is connected with the apparatus main body 5
through a cable. However, the embodiments are not limited
thereto. For example, ultrasonic wave transmission and
reception by the ultrasound probe may be controlled in a
wireless manner. In such a case, for example, the transmis-
sion-reception circuitry is built in the probe body of the
ultrasound probe, and ultrasonic wave transmission and
reception by the ultrasound probe are controlled from
another apparatus in a wireless manner. The ultrasound
diagnostic apparatus according to the present embodiment
may include only such a wireless ultrasound probe.

[0188] In the above-described embodiments, the ultra-
sound diagnostic apparatus 1 executes various kinds of
processing. However, the embodiment is not limited thereto.
Part or all of the processing of scanning path generation
executed by the ultrasound diagnostic apparatus 1 in the
above description may be executed by the ultrasound scan-
ning support apparatus. The ultrasound scanning support
apparatus according to the present application may be
achieved by a computer or the like or may be achieved by
the mechanical mechanism 7. For example, when the ultra-
sound scanning support apparatus is achieved by the
mechanical mechanism 7, part or all of the processing of
scanning path generation executed by the ultrasound diag-
nostic apparatus 1 in the above description is executed by the
mechanical mechanism 7 as the ultrasound scanning support
apparatus.

[0189] The term “processor” used in the above description
means, for example, a central processing unit (CPU), a
graphics processing unit (CPU), or a circuit such as an
application specific integrated circuit (ASIC) or a program-
mable logic device (for example, a simple programmable
logic device (SPLD), a complex programmable logic device
(CPLD), or a field programmable gate array (FPGA)). The
processor achieves a function by reading and executing a
computer program stored in a storage circuit. Instead of
being stored in the storage circuit, the computer program
may be directly incorporated in a circuit of the processor. In
this case, the processor achieves the function by reading and
executing the computer program incorporated in the circuit.
Each processor according to the present embodiment is not
limited to a configuration as a single circuit for the processor
but may be configured as one processor obtained by com-
bining a plurality of independent circuits to achieve the
function thereof.
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[0190] Each illustrated component of each device in the
above-described embodiments is functionally conceptual
and does not necessarily need to be physically configured as
illustrated. Specifically, specific forms of distribution and
integration of the devices are not limited to those illustrated,
but all or part thereof may be functionally or physically
distributed or integrated in optional units in accordance with
various loads, use status, and the like. Moreover, all or
optional part of the processing function performed by each
device may be achieved by a CPU and a computer program
analyzed and executed by the CPU or may be achieved as
wired logic hardware.
[0191] Each processing method in the above-described
embodiments may be achieved by executing a processing
program prepared in advance through a computer such as a
personal computer or a work station. The processing pro-
gram may be distributed through a network such as the
Internet. In addition, the processing program may be
recorded in a computer-readable non-transitory recording
medium such as a hard disk, a flexible disk (FD), a CD-
ROM, an MO, a DVD, or a Flash memory such as a USB
memory or an SD card memory, and may be read from the
non-transitory recording medium and executed by a com-
puter.
[0192] As described above, according to the embodi-
ments, it is possible to easily generate a scanning path.
[0193] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.
What is claimed is:
1. An ultrasound automatic scanning system comprising:
an ultrasound probe configured to transmit and receive
ultrasonic wave;
amechanical mechanism configured to hold and move the
ultrasound probe while an ultrasonic-wave transmis-
sion-reception surface of the ultrasound probe is
pointed to a subject; and
processing circuitry configured to
acquire a distance between a body surface of the subject
and the ultrasonic-wave transmission-reception surface
of the ultrasound probe based on reflected wave data
collected while the ultrasound probe is moved by the
mechanical mechanism, and
generate, based on information the distance, locus infor-
mation of movement of the ultrasound probe when
ultrasound scanning is executed on the subject,
wherein the mechanical mechanism is configured to
execute ultrasound scanning on the subject by moving
the ultrasound probe based on the locus information
generated by the processing circuitry.
2. The ultrasound automatic scanning system according to
claim 1, wherein the processing circuitry is configured to
acquire the distance between the body surface of the
subject and the ultrasonic-wave transmission-reception
surface of the ultrasound probe based on an image
obtained by capturing a state in which the ultrasound
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probe is moved relative to the subject in a non-contact
manner by the mechanical mechanism, and

generate the locus information based on the acquired

distance and the distance based on the reflected wave
data.
3. The ultrasound automatic scanning system according to
claim 1, wherein the processing circuitry is configured to
acquire the distance between the body surface of the
subject and the ultrasonic-wave transmission-reception
surface of the ultrasound probe based on distance
information acquired by a distance meter while the
ultrasound probe is moved relative to the subject in a
non-contact manner by the mechanical mechanism, and

generate the locus information based on the acquired
distance and the distance based on the reflected wave
data.
4. The ultrasound automatic scanning system according to
claim 1, wherein the processing circuitry is configured to
calculate a distance by which the ultrasound probe is to be
separated from the body surface of the subject based on
a focal point of the ultrasound probe, and

generate the locus information based on the calculated
distance and the distance based on the reflected wave
data.

5. The ultrasound automatic scanning system according to
claim 1, wherein the processing circuitry is further config-
ured to generate the locus information based on pressure
applied between the subject and the ultrasound probe while
the ultrasound probe is moved relative to the subject in a
contact manner by the mechanical mechanism.

6. The ultrasound automatic scanning system according to
claim 1, wherein the processing circuitry is further config-
ured to generate, based on information of a three-dimen-
sional positional relation between the ultrasound probe
moved by the mechanical mechanism and the subject, angle
information of the ultrasound probe when ultrasound scan-
ning is executed on the subject.

7. The ultrasound automatic scanning system according to
claim 1, wherein ultrasound scanning is executed on the
subject while an acoustic medium fills between the ultra-
sound probe and the subject and the ultrasound probe is not
in contact with the body surface of the subject.

8. The ultrasound automatic scanning system according to
claim 1, wherein the processing circuitry is configured to
cause a display to display the locus information.

9. The ultrasound automatic scanning system according
claim 8, further comprising an input interface configured to
receive an operation on the locus information displayed on
the display unit, wherein the processing circuitry is config-
ured to determine, in accordance with the operation received
by the input interface, locus information based on which the
ultrasound probe is moved.

10. The ulirasound automatic scanning system according
to claim 2, wherein the processing circuitry is configured to
generate the locus information by selecting any one of the
distance based on the image and the distance based on the
reflected wave data at each position to which the ultrasound
probe is moved relative to the subject.

11. The ultrasound automatic scanning system according
to claim 3, wherein the processing circuitry is configured to
generate the locus information by selecting any one of the
distance measured by the distance meter and the distance
based on the reflected wave data at each position to which
the ultrasound probe is moved relative to the subject.
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12. An ultrasound diagnostic apparatus comprising:

an ultrasound probe configured to transmit and receive
ultrasonic wave; and

processing circuitry configured to

acquire a distance between a body surface of a subject and
an ultrasonic-wave transmission-reception surface of
the ultrasound probe based on reflected wave data
collected while the ultrasound probe is moved by a
mechanical mechanism configured to hold and move
the ultrasound probe while an ultrasonic-wave trans-
mission-reception surface of the ultrasound probe is
pointed to the subject, and

generate, based on information of the distance, locus
information of movement of the ultrasound probe when
ultrasound scanning is executed on the subject,

wherein the mechanical mechanism is configured to
execute ultrasound scanning on the subject by moving
the ultrasound probe based on the locus information
generated by the processing circuitry.
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13. An ultrasound scanning support apparatus comprising
a processing circuitry configured to

acquire a distance between a body surface of a subject and
an ultrasonic-wave transmission-reception surface of
an ultrasound probe configured to transmit and receive
ultrasonic wave based on reflected wave data collected
while the ultrasound probe is moved by a mechanical
mechanism configured to hold and move the ultrasound
probe while the ultrasonic-wave transmission-recep-
tion surface of the ultrasound probe is pointed to the
subject, and

generate, based on information of the distance, locus
information of movement of the ultrasound probe when
ultrasound scanning is executed on the subject.

14. The ultrasound scanning support apparatus according
to claim 13, further comprising the mechanical mechanism.
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