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7) ABSTRACT

According to one embodiment, an ultrasonic diagnostic
apparatus includes processing circuitry. The processing cit-
cuitry acquires first echo data in a first mode, and acquires
second echo data in a second mode. The processing circuitry
sequentially generates a first image including a B-mode
image based on the first echo data in the first mode, and
sequentially generates a second image not including a
B-mode image based on the second echo data in the second
mode. The processing circuitry sequentially generates a
third image from pre-acquired volume data. The processing
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ULTRASONIC DIAGNOSTIC APPARATUS
AND NON-TRANSITORY COMPUTER
READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Applications No.
2017-189150, filed Sep. 28, 2017; and No. 2018-179989,
filed Sep. 26, 2018; the entire contents of both of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus and a non-transitory com-
puter readable medium.

BACKGROUND

[0003] Ultrasonic  diagnostic  apparatuses generally
acquire B-mode images in which the echo intensity from the
imaging target is expressed by brightness. Usually, the
ultrasonic diagnostic apparatuses acquire B-mode images
under the condition where an imaging mode (B-mode) to
acquire B-mode images is selected.

[0004] The ultrasonic diagnostic apparatuses possess
imaging modes for acquiring images other than B-mode
images, such as Doppler images representing movement of
blood or tissues, or tissue property images representing
tissue properties. There are cases where the ultrasonic diag-
nostic apparatuses acquire B-mode images as reference
images to recognize an acquisition position of echo data
within a subject’s body even if an imaging mode other than
the B-mode is executed. However, in the case where an
object which moves at a high speed is imaged, or where it
requires a long time to acquire a frame image, B-mode
images may not be acquired to ensure the quality of images
other than B-mode images. By not acquiring B-mode
images, the updating of B-mode images is performed less
often, and an operator may have difficulty in recognizing the
acquisition position of echo data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates an example configuration of an
ultrasonic diagnostic apparatus according to the first
embodiment.

[0006] FIG. 2 is a flowchart illustrating the operation in
control circuitry shown in FIG. 1 when generating Doppler
spectrum image data.

[0007] FIG. 3 is a flowchart illustrating the operation in
the control circuitry shown in FIG. 1, for generating fusion
image data and displaying a fusion image.

[0008] FIG. 4 is an example of a fusion image displayed
on a display according to the first embodiment.

[0009] FIG. 5 illustrates an example configuration of an
ultrasonic diagnostic apparatus according to the second
embodiment.

[0010] FIG. 6 is a flowchart illustrating the operation in
control circuitry shown in FIG. § when generating Doppler
spectrum image data.

[0011] FIG. 7 is a flowchart illustrating the operation in the
control circuitry shown in FIG. 5, for generating fusion
image data and displaying a fusion image.
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[0012] FIG. 8 is an example of a fusion image displayed
on the display according to the second embodiment.
[0013] FIG. 9 is an example of a fusion image displayed
on a display according to another embodiment.

[0014] FIG. 10 is an example of a fusion image displayed
on a display according to another embodiment.

[0015] FIG. 11 is an example of a fusion image displayed
on the display according to another embodiment.

[0016] FIG. 12 is an example of a fusion image displayed
on a display according to another embodiment.

[0017] FIG. 13 is an example of a fusion image displayed
on a display according to another embodiment.

[0018] FIG. 14 is an example of a fusion image displayed
on the display according to another embodiment.

DETAILED DESCRIPTION

[0019] In general, according to one embodiment, an ultra-
sonic diagnostic apparatus includes processing circuitry. The
processing circuitry receives a switching instruction to
switch imaging modes from a first imaging mode to a second
imaging mode. The processing circuitry acquires first echo
data by an ultrasonic probe executing an ultrasonic scan of
a first scanning type in the first imaging mode, and acquires
second echo data by the ultrasonic probe executing an
ultrasonic scan of a second scanning type in the second
imaging mode. The processing circuitry sequentially gener-
ates a first image including a B-mode image based on the
first echo data in the first imaging mode, and sequentially
generates a second image not including a B-mode image
based on the second echo data in the second imaging mode.
The processing circuitry sequentially generates a third image
from pre-acquired volume data, based on positional infor-
mation acquired by a position sensor provided in the ultra-
sonic probe. The processing circuitry directs a display to
sequentially display the first image and the third image in the
first imaging mode, and to sequentially display the second
image and the third image in the second imaging mode.
[0020] Hereinafter, the embodiments of the ultrasonic
diagnostic apparatus and the control program will be
explained in detail with reference to the accompanying
drawings.

First Embodiment

[0021] As shown in FIG. 1, an ultrasonic diagnostic appa-
ratus 1 includes an apparatus body 10, an ultrasonic probe
70, a display 50, and an input device 60. The apparatus body
10 is connected to an external device 40 via a network 500.
The apparatus body 10 is also connected to a position sensor
system 30, the display 50, and the input device 60.

[0022] The position sensor system 30 is a system for
acquiring three-dimensional positional information of the
ultrasonic probe 70 and an ultrasonic image. The position
sensor system 30 includes a position sensor 31 and a position
detection device 32.

[0023] The position sensor system 30 acquires three-
dimensional positional information of the ultrasonic probe
70 by using a magnetic sensor, an infrared sensor, or a target
for an infrared camera, etc. attached to the ultrasonic probe
70 as the position sensor 31. The position sensor system 30
may acquire the three-dimensional positional information of
the ultrasonic probe 70 by a gyro sensor (angular velocity
sensor) installed in the ultrasonic probe 70. The position
sensor system 30 may acquire the three-dimensional posi-
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tional information of the ultrasonic probe 70 by imaging the
ultrasonic probe 70 by a camera and performing image
recognition processing to the image of the ultrasonic probe
70. The position sensor system 30 may detect a three-
dimensional position of a robot arm that holds the ultrasonic
probe 70 and may acquire the position of the robot arm as
the three-dimensional positional information of the ultra-
sonic probe 70.

[0024] Hereinafter, the case where the position sensor
system 30 acquires positional information of the ultrasonic
probe 70 using the magnetic sensor will be explained as an
example. Specifically, the position sensor system 30 further
includes a magnetic generator (not shown) having, for
example, a magnetic generating coil. The magnetic genera-
tor forms a magnetic field oriented outward from the mag-
netic generator itself. A magnetic space in which location
accuracy is assured is defined in the formed magnetic field.
The magnetic generator may be arranged so that a living
body to be examined is placed within the magnetic space in
which location accuracy is assured. The position sensor 31
attached to the ultrasonic probe 70 detects the strength and
the gradient of a three-dimensional magnetic field formed by
the magnetic generator. By this detection, the position sensor
31 can acquire a position and an orientation of the ultrasonic
probe 70. The position sensor 31 outputs the detected
strength and gradient of the magnetic field to the position
detection device 32.

[0025] The position detection device 32 calculates, for
example, a position of the ultrasonic probe 70 in the three-
dimensional space in which a predetermined position is set
to an origin, based on the strength and gradient of the
magnetic field detected by the position sensor 31. The
predetermined position is assumed to be, for example, a
position where the magnetic generator is placed. The posi-
tion of the ultrasonic probe is defined by a position on a
scanning plane (X, y, z) and an rotation angle (6x, 0y, 0z).
The position detection device 32 transmits positional infor-
mation regarding a calculated position (X, y, z, 6x, 8y, 6z) to
the apparatus body 10. By associating the acquired posi-
tional information with ultrasonic image data acquired by
ultrasonic waves transmitted and received relative to the
ultrasonic probe 70 by time synchronization, etc., the posi-
tional information is added to the ultrasonic image data.
[0026] The ultrasonic probe 70 includes a plurality of
piezoelectric transducers, a matching layer provided to the
piezoelectric transducers, and a backing material that pre-
vents propagation of ultrasonic waves to the rear side of the
piezoelectric transducers, etc. The ultrasonic probe 70 is
detachably connected to the apparatus body 10. The plurality
of piezoelectric transducers generate ultrasonic waves based
on a driving signal supplied from ultrasonic transmission
circuitry 11 provided in the apparatus body 10. The ultra-
sonic probe 70 may be provided with a button used for offset
processing or in case of a freeze, etc. described later. The
state of a “freeze” indicates a state where an ultrasonic
image is not acquired, for example.

[0027] If the ultrasonic probe 70 transmits ultrasonic
waves to a subject P, the transmitted ultrasonic waves are
sequentially reflected by the boundary showing discontinu-
ity of the acoustic impedance of living tissues of the subject
P. The reflected ultrasonic waves by the living tissues are
received by the plurality of piezoelectric transducers of the
ultrasonic probe 70 as reflected wave signals (echo signals).
The amplitude of the received reflected wave signals
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depends on the difference in the acoustic impedance at the
boundary showing discontinuity of the acoustic impedance
that affects the reflection of ultrasonic waves. If transmitted
ultrasonic pulses are reflected in a bloodstream or on the
surface of the cardiac wall, the frequency of the reflected
wave signals is shifted depending on velocity components in
the direction of transmitting ultrasonic waves in a moving
object due to the Doppler effect. The ultrasonic probe 70
receives the reflected wave signals from the subject P, and
converts the reflected wave signals into electrical signals.
The ultrasonic probe 70 is a 1D array probe in which
piezoelectric transducers are arranged in a predetermined
direction, a 2D array probe in which piezoelectric transduc-
ers are arranged in a two-dimensional matrix form, or a
mechanical 4D probe in which piezoelectric transducers are
mechanically swept in a direction orthogonal to the direction
of transducer arrangement to realize a ultrasonic scan, etc.

[0028] The apparatus body 10 generates an ultrasonic
image, based on reflected wave signals received by the
ultrasonic probe 70. The apparatus body 10 includes the
ultrasonic transmission circuitry 11, ultrasonic receive cir-
cuitry 12, B-mode processing circuitry 13, Doppler-mode
processing circuitry 14, image generation circuitry 15, inter-
nal storage circuitry 17, a first memory 18-1 (first cine
memory), a second memory 18-2 (second cine memory), an
image database 19, an input interface 20, a communication
interface 21, and control circuitry 22.

[0029] The ultrasonic transmission circuitry 11 is a pro-
cessor that supplies a driving signal to the ultrasonic probe
70. The ultrasonic transmission circuitry 11 is implemented,
for example, by trigger generation circuitry, delay circuitry,
pulser circuitry, etc. The trigger generation circuitry repeat-
edly generates rate pulses for forming transmission ultra-
sonic waves at a predetermined rate frequency under control
of the control circuitry 22. The delay circuitry converges
ultrasonic waves generated from the ultrasonic probe 70 as
a beam, and applies, to each rate pulse generated by the
trigger generation circuitry, a transmission delay time for
each ultrasonic transducer required for determining a trans-
mission directivity. The pulser circuitry supplies driving
signals (a driving pulse) to the ultrasonic probe 70 at a
timing based on the rate pulse under control of the control
circuitry 22. By changing the delay time to be applied to
each rate pulse from the delay circuitry, the transmission
direction from the ultrasonic transducer surface can be
discretionarily adjusted.

[0030] The ultrasonic receive circuitry 12 is a processor
that executes various types of processing on reflected wave
signals received by the ultrasonic probe 70 to generate a
receive signal. The ultrasonic receive circuitry 12 is imple-
mented, for example, by amplification circuitry, an analog-
to-digital (A/D) converter, receive delay circuitry, and an
adder, etc. The amplification circuitry executes a gain cor-
rection processing for each channel by amplifying reflected
wave signals. The A/D converter converts the gain-corrected
reflected wave signals into digital signals. The receive delay
circuitry delays input of the digital signals to the adder by a
delay time required for determining a receive directivity.
The adder adds a plurality of digital signals in which the
delay time has been applied. After the addition processing of
the adder, receive signals are generated in which a reflected
component from the direction corresponding to the receive
directivity is emphasized.
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[0031] The B-mode processing circuitry 13 is a processor
that generates B-mode data, based on the receive signals
received from the ultrasonic receive circuitry 12. The
B-mode processing circuitry 13 executes an envelope detec-
tion process and a logarithmic amplification process, etc. on
the receive signals received from the ultrasonic receive
circuitry 12, and generates data (B-mode data) in which the
signal intensity is expressed by the brightness intensity. The
generated B-mode data is stored in a non-illustrated. RAW
data memory as B-mode RAW data on a two-dimensional
ultrasonic scanning line.

[0032] The Doppler-mode processing circuitry 14 is a
processor that generates Doppler spectrum image data and
Doppler data, based on the receive signals received from the
ultrasonic receive circuitry 12. The Doppler-mode process-
ing circuitry 14 extracts a blood flow signal from the receive
signal, generates a Doppler spectrum image data corre-
sponding to a Doppler spectrum image representing a Dop-
pler waveform from the extracted blood flow signal, and
generates data (Doppler data) in which information, such as
an average speed, dispersion, power, etc. is extracted from
the blood flow signal with respect to multiple points. The
Doppler waveform is, for example, a waveform in which the
blood flow speed within a predetermined range as an obser-
vation target is plotted over time. Namely, the Doppler
waveform represents a time-series change of the blood flow
speed. The generated Doppler data is stored in the non-
illustrated RAW data memory as Doppler RAW data on a
two-dimensional ultrasonic scanning line.

[0033] The image generation circuitry 15 is a processor
that is capable of generating various types of ultrasonic
image data, based on data generated by the B-mode pro-
cessing circuitry 13 and the Doppler-mode processing cit-
cuitry 14.

[0034] The image generation circuitry 15 generates
B-mode image data based on B-mode RAW data stored in
the RAW data memory. The B-mode image data contains a
pixel value (brightness value) that reflects properties of an
ultrasonic probe such as convergence of sound waves, or
sound-field properties of an ultrasonic beam (for example,
transmit/receive beam). In the B-mode image data, for
example, the vicinity of a focus portion of ultrasonic waves
in a region to be scanned exhibits relatively higher bright-
ness than that of a non-focus portion. The B-mode image
based on the B-mode image data represents a form of a
structure in the subject P, for example. The image generation
circuitry 15 generates B-mode image data in frame units, in
accordance with a predetermined frame rate.

[0035] The image generation circuitry 15 generates Dop-
pler image data related to an average speed image, a
dispersion image, a power image, etc., based on Doppler
RAW data stored in the RAW data memory. The image
generation circuitry 15 generates Doppler image data in
frame units, in accordance with a predetermined frame rate.
[0036] In addition, the image generation circuitry 15 per-
forms, to B-mode data stored in the RAW data memory,
RAW-voxel conversion which includes an interpolation pro-
cess taking spatial positional information into consideration
to generate B-mode volume data representing form infor-
mation. The B-mode volume data consists of voxels in a
predetermined range. A predetermined pixel value (voxel
value) is allocated to each voxel of the B-mode volume data,
in accordance with the signal strength of reflected wave
signals.
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[0037] The image generation circuitry 15 performs, to
Doppler data stored in the RAW data memory, RAW-voxel
conversion which includes an interpolation process taking
spatial positional information into consideration to generate
blood flow volume data indicating blood flow information.
The blood flow volume data consists of voxels in a prede-
termined range. A predetermined pixel value is allocated to
each voxel of the blood flow volume data, in accordance
with the direction of blood flow and the blood flow speed.

[0038] The image generation circuitry 15 performs, for
example, on various types of volume data, a rendering
process to generate rendering image data. The image gen-
eration circuitry 15 performs, on various types of volume
data, an MPR (Multi-Planar Reconstruction) process. to
generate MPR image data corresponding to a predetermined
cross sectional image (MPR image) in the volume data. The
image generation circuitry 15 performs, on the generated
various types of volume data, a curved MPR process, to
generate curved cross sectional image data corresponding to
a predetermined curved cross sectional image in the volume
data.

[0039] The image generation circuitry 15 executes various
types of processes, such as dynamic range, brightness,
contrast and y curve corrections, and RGB conversion, etc.,
to the generated various ultrasonic image data. The image
generation circuitry 15 generates ultrasonic image data to be
displayed corresponding to an ultrasonic image to be dis-
played on the display 50, based on a predetermined resolu-
tion and display frame rate. The display frame rate is, for
example, the number of display frames of an ultrasonic
image generated by the image generation circuitry 15 for
one second. The display frame rate is basically the same as
an acoustic frame rate defined by a scanning cycle of the
ultrasonic probe 70 relative to the subject P. The display
frame rate may be set to be a fixed value such as 30 frames
per second, for example.

[0040] The image generation circuitry 15 may generate a
GUI (Graphical User Interface) through which an operator
(for example, a surgeon) inputs various types of instructions
via the input interface 20, and may direct the display 50 to
display the GUI. The display 50 may adopt, for example, a
CRT display, a liquid crystal display, an organic EL display,
an LED display, a plasma display, or any other display
known in this technical field. The display 50 has, for
example, a function of a notification unit.

[0041] The internal storage circuitry 17 includes, for
example, a storage medium which is readable by a proces-
sor, such as a magnetic or optical storage medium, or a
semiconductor memory, etc. The internal storage circuitry
17 stores a control program for implementing ultrasonic
transmission/reception, a control program for executing
image processing, a control program for executing display
processing, etc. The internal storage circuitry 17 stores
control programs for implementing various types of func-
tions according to the present embodiment. In addition, the
internal storage circuitry 17 stores diagnosis information
(e.g., patient ID, doctor’s findings, etc.), a diagnosis proto-
col, a body mark generation program, and data sets such as
aconversion table. In the conversion table, color data for use
in imaging is associated with each diagnosis region. The
internal storage circuitry 17 may store anatomical illustra-
tions, for example, an atlas relating to the structures of
internal organs in the living body.
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[0042] The internal storage circuitry 17 stores various
types of ultrasonic image data, volume data, and rendering
image data generated by the image generation circuitry 15,
in response to an operation input via the input interface 20.
The internal storage circuitry 17 may store various types of
ultrasonic image data, volume data, and rendering image
data generated by the image generation circuitry 15, along
with an operation order and an operation time, in response
to an operation input via the input interface 20. The internal
storage circuitry 17 can transfer the stored data to an external
device via the communication interface 21.

[0043] The first memory 18-1 includes, for example, a
storage medium which is readable by a processor, such as a
magnetic or optical storage medium, or a semiconductor
memory. The first memory 18-1 stores display image data
corresponding to an image (display image) to be displayed
on the display 50. In the case where the data amount to be
stored in the first memory 18-1 exceeds the storage capacity
of the first memory 18-1, data is deleted from the oldest data
and new data is stored instead.

[0044] For example, the first memory 18-1 stores image
data corresponding to a plurality of frames immediately
before a freeze operation input through the input interface
20. The freeze operation is to halt acquisition of ultrasonic
images. The image data stored in the first memory 18-1 is
used for successive display (cine-display), for example. The
image data may include ultrasonic image data acquired by
an ultrasonic scan, and medical image data acquired by other
modalities, such as CT image data, MRI image data, X-ray
image data, and nuclear medicine image data, etc.

[0045] The second memory 18-2 includes, for example, a
storage medium, etc. which is readable by a processor, such
as a magnetic or optical storage medium, or a semiconductor
memory. The second memory 18-2 stores part of the display
image data. Specifically, the image data stored in the second
memory 18-2 is part of image data (for example, MPR
image data described later) of the display image data stored,
for example, in the first memory 18-1. The image data stored
in the second memory 18-2 is used for successive display
(cine-display), for example.

[0046] The image database 19 stores image data trans-
ferred from the external device 40. For example, the image
database 19 acquires from the external device 40 past image
data related to a particular patient acquired by the past
diagnosis and stores the acquired image data. The past image
data includes ultrasonic image data, CT (Computed Tomog-
raphy) image data, MR (Magnetic Resonance) image data,
PET (Positron Emission Tomography)-CT image data, PET-
MR image data, and X-ray image data. For example, the past
image data is stored as volume data and rendering image
data.

[0047] The image database 19 may store a desired image
data by reading image data stored in a storage medium such
as an MO, a CD-R and a DVD.

[0048] The input interface 20 receives various types of
instructions from an operator through the input device 60.
The input device 60 is, for example, a mouse, a keyboard, a
panel switch, a slider switch, a dial switch, a trackball, a
rotary encoder, an operation panel, and a touch command
screen (TCS), etc. In addition, the input device 60 includes
a switch group 61 to switch various types of imaging modes
including an ultrasonic wave transmission/reception
method, and a receive signal processing method, etc. The
switch group 61 may be not only a mechanical device such
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as a dial switch and/or a trackball, etc., but may also be
either an operation panel image displayed on the TCS, or an
operation panel image displayed on a second console in the
external device 40, etc.

[0049] The input interface 20 is connected to the control
circuitry 22, for example, via a bus. The input interface 20
converts an operation instruction input by the operator into
electric signals, and outputs the electric signals to the control
circuitry 22. In the present embodiments, the input interface
20 is not limited to be connected to physical operation
components such as a mouse, a keyboard, etc. The input
interface 20 may include processing circuitry of electric
signals which receives as radio signals from the ultrasonic
diagnostic apparatus 1, electric signals corresponding to an
operation instruction input from an external input device
independently provided, and outputs the electric signals to
the control circuitry 22.

[0050] The communication interface 21 is, for example,
wirelessly connected to the position sensor system 30, and
receives positional information transmitted from the posi-
tion detection device 32. The communication interface 21 is
connected to the external device 40 through the network
500, etc., and performs data communication with the exter-
nal device 40. The external device 40 is, for example, a
database of a PACS (Picture Archiving and Communication
System) which is a system for managing various types of
medical image data, a database of an electronic medical
record system for managing electronic medical records
which includes medical images, etc. In addition, the external
device 40 may, for example, be any medical image diag-
nostic apparatus other than the ultrasonic diagnostic appa-
ratus 1 according to the present embodiment, such as an
X-ray CT apparatus, an MRI (Magnetic Resonance Imag-
ing) apparatus, a nuclear medical diagnostic apparatus, an
X-ray diagnostic apparatus, etc. The communication with
the external device 40 is performed by using any standards,
for example, the DICOM standards.

[0051] The control circuitry 22 is a processor acting as a
nerve center of the ultrasonic diagnostic apparatus 1, for
example. The control circuitry 22 executes a control pro-
gram stored in the internal storage circuitry 17 to activate a
fanction corresponding to the program. Specifically, the
control circuitry 22 has a volume data processing function
221, a display control function 223, and a system control
function 225.

[0052] The volume data processing function 221 is a
function of generating a cross sectional image data for a
cross sectional image corresponding to a scanned cross
section of an ultrasonic scan from the volume data, based on
the positional information of the ultrasonic probe 70. If the
volume data processing function 221 is executed, the control
circuitry 22 acquires positional information of the ultrasonic
probe 70 provided by the position sensor system 30. The
control circuitry 22 calculates the scanned cross section of
the ultrasonic probe 70 from the acquired positional infor-
mation. The control circuitry 22 performs MPR processing
to the volume data stored, for example, in the image data-
base 19, based on the calculated scanned cross section, and
generates MPR image data. The coordinate system for the
positional information supplied from the position sensor
system 30 and the coordinate system for the volume data
stored in the image database 19 are aligned by a predeter-
mined registration method, in advance.
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[0053] The display control function 223 is a function of
displaying on the display 50 an image based on various types
of image data. If the display control function 223 is
executed, the control circuitry 22 displays on the display 50,
for example, an ultrasonic image based on various types of
ultrasonic image data generated by the ultrasonic scan, and
an MPR image based on MPR image data generated by the
volume data processing function 221. Specifically, the con-
trol circuitry 22 generates fusion image data based on
various types of ultrasonic image data generated by the
ultrasonic scan, and MPR image data generated by the
volume data processing function 221. A fusion image based
on the fusion image data includes an ultrasonic image as a
live image acquired in real time by the ultrasonic scan, and
an MPR image corresponding to the scanned cross section of
the ultrasonic scan. The control circuitry 22 stores the
generated fusion image data in the first memory 18-1. The
display image and the fusion image (or the display image
data and the fusion image data) may be replaced with each
other.

[0054] The control circuitry 22 generates MPR image data
based on the fusion image data stored in the first memory
18-1. The control circuitry 22 stores the generated MPR
image data in the second memory 18-2.

[0055] The control circuitry 22 may superimpose infor-
mation related to the ultrasonic image onto the MPR image
via the display control function 223, in accordance with
various types of imaging modes. Information related to the
ultrasonic image may be, for example, a line (or a dotted
line) indicating the direction to which ultrasonic waves are
emitted, a cursor indicating the direction and a focus of
Doppler measurement, a cursor indicating the direction and
a gate of Doppler measurement, a line (or a dotted line)
indicating the direction of Doppler measurement, a circular
marker related to a focus in a CW mode scan, a sample
marker indicating a sampling position in a PW mode scan,
and an ROI (Region Of Interest) marker, etc.

[0056] The system control function 225 is a function of
controlling basic operations, such as the input and output,
relative to the ultrasonic diagnostic apparatus 1. If the
system control function 225 is executed, the control circuitry
22 receives an initiation instruction to initiate various types
of imaging modes, via the input interface 20. The various
types of imaging modes include, for example, a B-mode, a
color Doppler mode, a CW (Continuous Wave) mode, a PW
(Pulsed Wave) mode, an M (Motion) mode, and an SWE
(Shear Wave Elastography) mode, etc.

[0057] The B-mode is an imaging mode in which B-mode
image data is generated by a B-mode scan. The color
Doppler mode is an imaging mode in which color Doppler
image data in which blood flow information acquired using
a pulse waveform, for example, is assigned a color by a color
Doppler mode scan. The color Doppler mode scan includes
a B-mode scan. In the color Doppler mode, both of B-mode
image data and color Doppler image data are generated, for
example. The color Doppler image based on the color
Doppler image data is superimposed on the B-mode image
based on the B-mode image data.

[0058] The CW mode is an imaging mode in which a
Doppler spectrum image data on a scanning line is generated
by a CW mode scan (CW type scan) in which, while
continuous waves are transmitted, reflected waves are
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received. In the CW mode, since it is necessary to continu-
ously apply the continuous wave to a target, the B-mode
scan cannot be performed.

[0059] The PW mode is an imaging mode in which a
Doppler spectrum image data related to a particular mea-
surement target position is generated by a PW mode scan
(PW type scan) in which pulse waves are transmitted to a
scanning line, and reflected waves are received. In the PW
mode, the ultrasonic probe generally executes a PW mode
scan to a scanning line, but can execute a PW mode scan to
a plurality of scanning lines. In this case, the ultrasonic
probe sequentially transmits pulse waves to the plurality of
scanning lines, and receives reflected waves. In the PW
mode, there may be a case where only Doppler spectrum
image data is updated to observe a blood flow with a high
image quality. In this case, the B-mode scan cannot be
performed.

[0060] The M-mode is an imaging mode in which
M-mode image data, in which brightness images on a line
generated from echo data of a targeted scanning line are
time-sequentially arranged, is generated by an M-mode
scan. In the M-mode, there may be a case where the B-mode
scan cannot be performed due to characteristics of the scan.

[0061] The SWE mode is an imaging mode which utilizes
the property that the propagation speed of shear waves
depends on the hardness of tissues in a scanning region. In
the SWE mode, push pulses are transmitted to a subject to
generate shear waves by transforming part of tissues. The
state where the generated shear waves propagate in the
tissues is observed by tracking pulses transmitted subse-
quently to the push pulses, and SWE image data (image data
indicating the speed of shear waves or image data indicating
the hardness calculated by the speed of the shear waves) is
generated. In the SWE mode, since it takes a relatively long
time to generate a frame of SWE image data, there may be
a case where the B-mode scan cannot be performed.

[0062] The B-mode, and the color Doppler mode are
examples of a first imaging mode recited in the claims. The
CW mode, PW mode, M-mode, and SWE mode are
examples of a second imaging mode recited in the claims.
The B-mode scan, and the color Doppler mode scan are
examples of an ultrasonic scan of a first scanning type
recited in the claims. The CW mode scan, PW mode scan,
M-mode scan, and SWE mode scan are examples of an
ultrasonic scan of a second scanning type recited in the
claims.

[0063] The control circuitry 22 receives a switching
instruction to switch imaging modes, via the input interface
20. For example, the control circuitry 22 receives a switch-
ing instruction to switch imaging modes from the color
Doppler mode or the B-mode to the CW mode, via the input
interface 20. The control circuitry 22 receives a switching
instruction to switch imaging modes, for example, from the
color Doppler mode or the B-mode to the PW mode, via the
input interface 20. The control circuitry 22 receives a
switching instruction to switch imaging modes, for example,
from the color Doppler mode or the B-mode to the M-mode,
via the input interface 20. The control circuitry 22 receives
a switching instruction to switch imaging modes, for
example, from the B-mode to the SWE mode, via the input
interface 20. In the switching instruction, the modes before
and after switching may be switched. For example, the
control circuitry 22 receives a switching instruction to
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switch imaging modes from the CW mode to the color
Doppler mode or the B-mode.

[0064] The volume data processing function 221, the
display control function 223, and the system control func-
tion 225 may be installed as a control program, or may be
installed as hardware circuits specific to respective functions
in the control circuitry 22 or in the apparatus body 10 in a
manner that the control circuitry 22 can refer to the hardware
circuits.

[0065] Next, the operation of the ultrasonic diagnostic
apparatus 1 according to the first embodiment will be
explained with reference to the flowcharts shown in FIGS.
2 and 3. FIG. 2 is a flowchart illustrating the operation in
control circuitry shown in FIG. 1, when generating Doppler
spectrum image data. The operation of the flowchart is
implemented by the system control function 225. FIG. 3 is
a flowchart illustrating the operation in the control circuitry
shown in FIG. 1, for generating fusion image data and
displaying a fusion image. The operation of the flowchart is
implemented by the volume data processing function 221
and the display control function 223. It is assumed that the
coordinate system that defines the position of the ultrasonic
probe 70 and the coordinate system that defines a cross
sectional position of the pre-acquired volume data are
aligned in advance.

[0066] First, the flow that the ultrasonic diagnostic appa-
ratus 1 according to the first embodiment performs a CW
mode scan will be explained with reference to FIG. 2. In the
following description, it is assumed that a CW mode scan is
performed after a color Doppler mode scan has been per-
formed. It may be possible that a PW mode scan or an
M-mode scan, etc. is performed after a color Doppler mode
scan has been performed. It may be possible that a B-mode
scan is performed instead of a color Doppler mode scan, and
thereafter a PW mode scan or an M-mode scan, etc. is
performed.

[0067] The control circuitry 22 executes the system con-
trol function 225, and receives an initiation instruction to
initiate the color Doppler mode scan, via the input interface
20 (step SA1). In this case, the ultrasonic probe 70 is brought
into contact with the subject P to be directed to a measure-
ment target position.

[0068] Upon receiving the initiation instruction to initiate
the color Doppler mode scan, the control circuitry 22
controls the ultrasonic transmission circuitry 11, the ultra-
sonic receive circuitry 12, the B-mode processing circuitry
13, and the image generation circuitry 15, to perform the
color Doppler mode scan (start SA2). Via this processing,
the B-mode image data corresponding to a B-mode image in
the vicinity of the measurement target position, and the color
Doppler image data corresponding to a color Doppler image
are generated. The control circuitry 22 combines the gener-
ated B-mode image data and color Doppler image data, and
generates combined image data. A combined image based on
the combined image data is, for example, an image in which
a color Doppler image is superimposed onto a B-mode
image. The control circuitry 22 directs the display 50 to
display the combined image based on the combined image
data as a live image. In this case, the operator confirms
whether or not the measurement target position is reliably
included within the scanning range of the ultrasonic waves,
for example, based on the B-mode image. The control
circuitry 22 may perform a B-mode scan instead of the color
Doppler mode scan. In this case, the control circuitry 22 may
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generate B-mode image data, and may display a B-mode
image based on the B-mode image data on the display 50 as
a live image.

[0069] After displaying the B-mode image and the color
Doppler image on the display 50, the control circuitry 22
receives a setting of a position on the B-mode image where
amarker (cursor) that identifies a focus in the CW mode scan
is placed (step SA3). If the position of the marker that
identifies a focus is determined, the operator inputs an
initiation instruction to initiate the CW mode via the input
interface 20. The operator may align the B-mode image with
the position of the fixed marker.

[0070] The control circuitry 22 receives an initiation
instruction to initiate the CW mode (step SA4).

[0071] Upon receiving the initiation instruction to initiate
the CW mode, the control circuitry 22 stops the color
Doppler mode scan, and thereafter controls the ultrasonic
transmission circuitry 11, the ultrasonic receive circuitry 12,
the Doppler-mode processing circuitry 14, and the image
generation circuitry 15, to perform the CW mode scan (step
SAS). Via this processing, Doppler spectrum image data on
a scanning line that includes the position of the marker
identifying the set focus is acquired.

[0072] Next, the flow that the ultrasonic diagnostic appa-
ratus 1 according to the first embodiment generates fusion
image data, and displays a fusion image based on the
generated fusion image data on the display 50 will be
explained with reference to FIG. 3. In the following descrip-
tion, it is assumed that the generation of fusion image data
shown in FIG. 3 is performed in parallel with the ultrasonic
scan shown in FIG. 2. Specifically, while performing the
processing from step SA1 to step SA3 shown in FIG. 2, the
processing from step SB2 to step SB8 is performed in
parallel. In addition, while performing the processing from
step SA4 to step SAS shown in FIG. 2, the processing from
and step SB2 to step SB5 and the processing from step SB9
to SB11 shown in FIG. 3 are performed in parallel.

[0073] The volume data pre-stored in the image database
19 is assumed to be three-dimensional CT image data. The
volume data may be ultrasonic image data acquired in the
past, or MR image data, PET-CT image data, PET-MR
image data, or X-ray image data, etc. acquired by other
modalities.

[0074] The control circuitry 22 executes the volume data
processing function 221, and receives a display instruction
to display a fusion image, via the input interface 20 (step
SB1). Upon receiving the display instruction to display a
fusion image, the control circuitry 22 acquires the positional
information of the ultrasonic probe 70 provided from the
position sensor system 30 (step SB2).

[0075] The control circuitry 22 calculates the scanned
cross section of the ultrasonic probe 70 from the acquired
positional information (step SB3). The control circuitry 22
performs MPR processing, for example, to the pre-acquired
volume data stored in the image database 19, based on the
calculated scanned cross section, and generates MPR image
data (Step SB4).

[0076] The control circuitry 22 determines whether or not
the imaging mode is the CW mode (step SB5). If it is
determined that the imaging mode is not the CW mode (step
SB5: No), namely, in the case where the imaging mode is a
color Doppler mode, the control circuitry 22 executes the
display control function 223 (step SB6).
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[0077] By executing the display control function 223, the
control circuitry 22 generates fusion image data (first fusion
image data) based on the B-mode image data acquired by the
color Doppler mode scan, and MPR image data correspond-
ing to the MPR image indicating the scanned cross section
of the B-mode image based on the B-mode image data (i.e.,
the scanned cross section calculated in step SB3). A first
fusion image based on the first fusion image data includes at
least a B-mode image, and an MPR image corresponding to
the B-mode image.

[0078] The control circuitry 22 stores the generated first
fusion image data in the first memory 18-1 (Step SB7). The
control circuitry 22 directs the display 50 to display the first
fusion image based on the generated first fusion image data
(step SBS).

[0079] The control circuitry 22 determines whether or not
the ultrasonic scan had ended (step SB12). If it is determined
that the ultrasonic scan has not ended (step SB12: No), the
control circuitry 22 executes the processing from step SB2
to step SBS5 again. If the imaging mode is not switched to the
CW mode (step SB5: No), the control circuitry 22 executes
the processing from step SB6é to step SB8 again. As
described above, in the color Doppler mode, the control
circuitry 22 repeats the processing from step SB2 to step
SB8, and continues updating the first fusion image displayed
on the display 50. The operation of “to continue updating”
may be replaced with “to sequentially generate images”.

[0080] The case where an initiation instruction to initiate
the CW mode is input through the input interface 20, via a
predetermined operation performed to the switch group 61
included in the input device 60, and the imaging mode is
switched from the color Doppler mode to the CW mode, will
be explained.

[0081] Instep SB5 shown in FIG. 3, if the control circuitry
22 determines that the imaging mode is the CW mode (step
SB5: Yes), the control circuitry 22 executes the display
control function 223.

[0082] By executing the display control function 223, the
control circuitry 22 generates fusion image data (second
fusion image data) based on the Doppler spectrum image
data acquired by the CW mode scan, and MPR image data
corresponding to the MPR image indicating the scanned
cross section indicated by the positional information of the
ultrasonic probe 70 when acquiring the Doppler spectrum
image data (i.e., the scanned cross section calculated in step
SB3) (Step SB9). A second fusion image based on the
second fusion image data includes at least a Doppler spec-
trum image, and an MPR image corresponding to the
Doppler spectrum image. If the imaging mode is switched
from the color Doppler mode or the B-mode to the M-mode,
the second fusion image includes at least an M-mode image
based on the M-mode image data generated by the M-mode
scan, and an MPR image corresponding to the M-mode
image.

[0083] The control circuitry 22 stores the generated sec-
ond fusion image data in the first memory 18-1 (Step SB10).
The control circuitry 22 stores the MPR image data used for
the second fusion image data in the second memory 18-2.
Specifically, the control circuitry 22, for example, extracts
the MPR image data from the second fusion image data, and
stores the extracted MPR image data in the second memory
18-2.
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[0084] The control circuitry 22 displays the second fusion
image based on the generated second fusion image data on
the display 50 (step SB11).

[0085] The control circuitry 22 determines whether or not
the ultrasonic scan has ended (step SB12). If it is determined
that the ultrasonic scan has not ended (step SB12: No), the
control circuitry 22 executes the processing from step SB2
to step SB5 and the processing from step SB9 to step SB11
again. As described above, in the CW mode, the control
circuitry 22 repeats the processing from step SB2 to step
SB5 and the processing from step SB9 to step SB11, and
continues updating the second fusion image displayed on the
display 50.

[0086] If it is determined that the ultrasonic scan has
ended (step SB12: Yes), the control circuitry 22 ends updat-
ing of the second fusion image (or the first fusion image).
[0087] FIG. 4 is an example of a fusion image (display
image) displayed on the display 50 according to the first
embodiment. The display image of FIG. 4 corresponds, for
example, to an image while the CW mode scan is performed
after the color Doppler mode scan has been performed. The
display image of FIG. 4 is divided into, for example, an
image region R1, an image region R2, and an image region
R3. The display image may be divided into four or more
image regions. The images displayed in the image regions
may be mutually replaced. This is applicable in the subse-
quent embodiments.

[0088] In the image region R1 of FIG. 4, an MPR image
based on the MPR image data generated in step SB4 as
shown in. FIG. 3 is displayed. The operator views the MPR
image and can recognize the acquisition position of the echo
data when the B-mode image is not acquired.

[0089] A scanning range 100 and a cursor 101 are super-
imposed on the MPR image. The scanning range 100
indicates a rendering range of the B-mode image based on
the position of the ultrasonic probe 70. The cursor 101
indicates the direction and the focus of the Doppler mea-
surement in the CW mode scan. Specifically, the cursor 101
is indicated by a line 102 indicating the direction of the
Doppler measurement and a circular marker 103 positioned
on the line 102. The center of the circular marker 103
indicates, for example, the focus in the CW mode scan. The
position of the cursor 101 is calculated based on the posi-
tional information of the ultrasonic probe 70 acquired during
the CW mode scan.

[0090] A B-mode image 200 is displayed in the image
region R2 of FIG. 4. A color Doppler image 201 and a cursor
202 are superimposed on the B-mode image 200. The cursor
202 is similar to the cursor 101. The B-mode image 200
corresponds to a B-mode image based on the B-mode image
data acquired immediately before the color Doppler mode
scan is stopped.

[0091] A Doppler spectrum image 300 and an ECG (Elec-
tro Cardio Graph) waveform 301 are displayed in the image
region R3 of FIG. 4. The Doppler spectrum image 300 is
acquired, for example, by the CW mode scan. The ECG
waveform is generated based on ECG waveform data
acquired synchronized with the Doppler spectrum image
300 in the time axis. The ECG waveform data is acquired,
for example, by a non-illustrated electrocardiograph pro-
vided in the ultrasonic diagnostic apparatus 1. The electro-
cardiograph is, for example, a measurement device that
detects electric signals synchronized with a heartbeat that
are emitted from the electrodes attached to the subject P on
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which the CW mode scan is performed. The ECG waveform
is an example of a biological waveform obtained by graph-
ing biological information, and may be replaced with a
waveform based on other biological signals of the subject P
having periodicity, for example, a respiration waveform, etc.
In addition, it may be possible that in response to an
operation of designating a time phase on the ECG wave-
form, an MPR image corresponding to the designated time
phase is read from the second memory 18-2.

[0092] The MPR image data stored in the second memory
18-2 is referred to when the Doppler spectrum image is
independently confirmed in the time sequence at the time of
setting of an image quality change, and after the CW mode
scan has ended. For example, it may be possible that in
response to an operation of designating a time phase on the
Doppler spectrum image, an MPR image corresponding to
the designated time phase is read from the second memory
18-2. In the case where the imaging mode is switched from
the color Doppler mode or the B-mode to the M-mode, it
may be possible that in response to an operation of desig-
nating a time phase on the M-mode image based on the
M-mode image data generated by the M-mode scan, an MPR
image corresponding to the designated time phase is read
from the second memory 18-2.

[0093] As described above, according to the first embodi-
ment, the control circuitry 22 receives a switching instruc-
tion to switch imaging modes from the color Doppler mode
to the

[0094] CW mode, via the input interface 20. The control
circuitry 22 controls the ultrasonic transmission circuitry 11,
the ultrasonic receive circuitry 12, and the B-mode process-
ing circuitry 13 to generate a receive signal by the color
Doppler mode scan in the color Doppler mode. The control
circuitry 22 controls the ultrasonic transmission circuitry 11,
and the ultrasonic receive circuitry 12 to generate a receive
signal by the CW mode scan in the CW mode. The control
circuitry 22 sequentially generates B-mode image data based
on receive signals generated in the color Doppler mode. In
addition, the control circuitry 22 sequentially generates
Doppler spectrum image data based on the generated receive
signals in the CW mode. The control circuitry 22 executes
the volume data processing function 221, and sequentially
generates MPR image data from the volume data (for
example, CT image data) pre-stored in the image database
19, based on the positional information of the ultrasonic
probe 70 provided from the position sensor system 30. The
control circuitry 22 sequentially displays the first fusion
images that include a B-mode image and an MPR image
corresponding to the B-mode image on the display 50 in the
color Doppler mode. The control circuitry 22 sequentially
displays the second fusion images that include a Doppler
spectrum image and an MPR image corresponding to the
Doppler spectrum image on the display 50 in the CW mode.
[0095] Via this processing. the operator can view the
sequentially updated MPR image even in the case where the
B-mode scan cannot be performed during the CW mode
scan, for example. The MPR image is an image morpho-
logically indicating tissues, similar to the B-mode image.
Accordingly, it is possible to recognize the position of the
ultrasonic probe 70 based on the morphological structure
included in the displayed MPR image.

[0096] Thus, it is possible to assist recognition of the
acquisition position of the echo data when the B-mode
image is not acquired.
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Second Embodiment

[0097] Inthe first embodiment, the control circuitry 22 can
recognize the acquisition position of the echo data, for
example, when the B-mode image is not acquired, by
continuously displaying the MPR image corresponding to
the position of the ultrasonic probe 70 in real time. In the
second embodiment, the case where the positional shift of
the ultrasonic probe 70 after switching the modes is notified,
in addition to continuously displaying the MPR image
corresponding to the position of the ultrasonic probe 70 in
real time, will be described.

[0098] As shown in FIG. 5, the ultrasonic diagnostic
apparatus 1A includes an apparatus body 10A, the ultrasonic
probe 70, the position sensor system 30, the display 50, and
the input device 60. The apparatus body 10A is connected to
the external device 40 via the network 500. The apparatus
body 10A is also connected to a position sensor system 30,
the display 50, and the input device 60.

[0099] The apparatus body 10A generates an ultrasonic
image, based on reflected wave signals received by the
ultrasonic probe 70. The apparatus body 10A includes the
ultrasonic transmission circuitry 11, the ultrasonic receive
circuitry 12, the B-mode processing circuitry 13, the Dop-
pler-mode processing circuitry 14, the image generation
circuitry 15, the internal storage circuitry 17, the first
memory 18-1 (first cine memory), the second memory 18-2
(second cine memory), the image database 19, the input
interface 20, the communication interface 21, and control
circuitry 22A.

[0100] The control circuitry 22A is a processor acting as a
nerve center of the ultrasonic diagnostic apparatus 1A, for
example. The control circuitry 22A executes a control pro-
gram stored in the internal storage circuitry 17 to activate a
function corresponding to the program. Specifically, the
control circuitry 22A has the volume data processing func-
tion 221, a display control function 223A, the system control
function 225, and a positional shift detection function 227.
[0101] The positional shift detection function 227 is a
function of detecting the positional shift of the ultrasonic
probe 70 based on the positional information when switch-
ing the modes, acquired by the position sensor 31 provided
in the ultrasonic probe 70, and the positional information
after switching the mode. The positional shift is a focal shift
of ultrasonic waves transmitted from the ultrasonic probe
70, caused by the positional shift of the ultrasonic probe 70,
for example, after switching the modes. The focal position
of the ultrasonic waves is a central position of a sample gate
set before performing the PW mode scan, for example. The
sample gate is a marker to designate a position where the
Doppler spectrum image is measured.

[0102] Specifically, if the positional shift detection func-
tion 227 is executed, the control circuitry 22A acquires a
focal position of ultrasonic waves set before the PW mode
scan 1s performed, for example. The control circuitry 22A
calculates the focal position of the ultrasonic waves based on
the positional information of the ultrasonic probe 70,
acquired during the PW mode scan. The control circuitry
22A calculates a difference between the focal position of
ultrasonic waves immediately before the B-mode scan is
ended and the calculated focal position of ultrasonic waves,
for example, a distance in the FEuclidean space. Via this
process, the positional shift is detected.

[0103] The display control function 223 A includes a func-
tion of notifying the positional shift of the ultrasonic probe
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70 from the position at the time when the B-mode scan ends
in the PW mode scan, in addition to the function of the
display control function 223 according to the first embodi-
ment. By executing the display control function 223A, the
control circuitry 22A generates guide image data indicating
the degree of positional shift, based on the positional shift
detected by the positional shift detection function 227, for
example. A guide image based on the guide image data
includes, for example, the distance in the Euclidean space
calculated by the positional shift detection function 227. In
addition, the control circuitry 22A generates fusion image
data (third fusion image data) based on the Doppler spec-
trum image data generated during the PW mode scan, the
MPR image data generated by the volume data processing
function 221, and the generated guide image data.

[0104] A third fusion image based on the third fusion
image data includes a Doppler spectrum image acquired in
real time by the PW mode scan, an MPR image correspond-
ing to the scanned cross section at the time of acquiring the
Doppler spectrum image, and the guide image. The control
circuitry 22A stores the generated third fusion image data in
the first memory 18-1. The control circuitry 22A also stores
the MPR image data and the guide image data used for
generation of the third fusion image data in the second
memory 18-2. Information of the guide image data may be
superimposed onto the MPR image data stored in the second
memory 18-2.

[0105] Next, the operation of the ultrasonic diagnostic
apparatus 1A according to the second embodiment will be
explained with reference to the flowcharts shown in FIGS.
6 and 7. FIG. 6 is a flowchart illustrating the operation in
control circuitry shown in FIG. 5, for generating Doppler
spectrum image data. The operation of the flowchart is
implemented by the system control function 225. FIG. 7 is
a flowchart illustrating the operation in the control circuitry
shown in FIG. 5, for generating fusion image data and
displaying a fusion image. The operation of the flowchart is
implemented by the volume data processing function 221,
the display control function 223A, and the positional shift
detection function 227.

[0106] First, the flow of a PW mode scan that the ultra-
sonic diagnostic apparatus 1A according to the second
embodiment performs will be explained with reference to
FIG. 6. In the following description, it is assumed that a PW
mode scan is performed after a color Doppler mode scan has
been performed. In this case, it is assumed that the number
of the measurement target positions of the PW mode scan is
one. It may be possible that a CW mode scan or an M-mode
scan, etc. is performed after the color Doppler mode scan has
been performed. It may also be possible that a B-mode scan
is performed instead of a color Doppler mode scan, and
thereafter a CW mode scan or an M-mode scan, etc. is
performed.

[0107] Since the processing in steps SC1 and SC2 is the
same as the processing in steps SA1 and SA2 of FIG. 2, the
explanations thereof will be omitted.

[0108] After displaying the B-mode image and the color
Doppler image on the display 50, the control circuitry 22A
receives a setting of a position on the B-mode image where
amarker (cursor) that is referred to as a sample gate is placed
(step SC3). If the position of the sample gate is determined,
the operator inputs an initiation instruction to initiate the PW
mode via the input interface 20.
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[0109] The control circuitry 22A receives an initiation
instruction to initiate the PW mode (step SC4). Upon
receiving the initiation instruction to initiate the PW mode,
the control circuitry 22A stops the color Doppler mode scan,
and thereafter controls the ultrasonic transmission circuitry
11, the ultrasonic receive circuitry 12, the Doppler-mode
processing circuitry 14, and the image generation circuitry
15, to perform the PW mode scan (step SC5). Via this
processing, Doppler spectrum image data at the position of
the set sample gate is acquired.

[0110] Next, the flow in which the ultrasonic diagnostic
apparatus 1A according to the second embodiment generates
fusion image data, and displays a fusion image based on the
generated fusion image data on the display 50 will be
explained with reference to FIG. 7. In the following descrip-
tion, it is assumed that the generation of fusion image data
shown in FIG. 7 is performed in parallel with the ultrasonic
scan shown in FIG. 6. Specifically, while performing the
processing from step SC1 to step SC3 shown in FIG. 6, the
processing from step SD2 to step SD8 shown in FIG. 7 is
performed in parallel. In addition, while performing the
processing from step SC4 to step SCS shown in FIG. 6, the
processing from and step SD2 to step SD5, and the process-
ing from step SD9 to SD13 shown in FIG. 7 are performed
in parallel.

[0111] Since the processing from steps SD1 to SD4 is the
same as the processing from in steps SB1 and SB4 of FIG.
3, the explanations thereof will be omitted.

[0112] The control circuitry 22A determines whether or
not the imaging mode is the PW mode (step SD5). If it is
determined that the imaging mode is not the PW mode (step
SD5: No), namely, in the case where the imaging mode is a
color Doppler mode, the control circuitry 22A executes the
display control function 223A (step SD6).

[0113] Since the processing from steps SD7 and SDS§
shown in FIG. 7 is the same as the processing from in steps
SB7 and SBS8 of FIG. 3, the explanations thereof will be
omitted.

[0114] The case where an initiation instruction to initiate
the PW mode is input through the input interface 20, and the
imaging mode is switched from the color Doppler mode to
the PW mode will be explained.

[0115] Instep SD5 shown in FIG. 7, if the control circuitry
22A determines that the imaging mode is the PW mode (step
SDS: Yes), the control circuitry 22A executes the positional
shift detection function 227 (step SD9).

[0116] Specifically, if the positional shift detection func-
tion 227 is executed, the control circuitry 22A acquires a
focal position of ultrasonic waves set before the PW mode
scan is performed. The control circuitry 22A calculates the
focal position of the ultrasonic waves based on the positional
information of the ultrasonic probe 70, acquired during the
PW mode scan. The control circuitry 22A calculates a
difference between the focal position of ultrasonic waves
immediately before the color Doppler mode scan is stopped
and the calculated focal position of ultrasonic waves, for
example, a distance in the Euclidean space (Step SD9). Via
this process, the positional shift is detected.

[0117] If the positional shift is detected, the control cir-
cuitry 22A executes the display control function 223 A, and
generates guide image data based on the calculated distance
in the Euclidean space (step SD10).

[0118] The control circuitry 22A generates third fusion
image data based on the Doppler spectrum image data
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generated during the PW mode scan, the MPR image data
generated in step SD4 shown in FIG. 7, and the generated
guide image data (step SD11). A third fusion image based on
the third fusion image data includes at least a Doppler
spectrum image, an MPR image corresponding to the Dop-
pler spectrum image, and a guide image based on the guide
image data generated in step SD10.

[0119] The control circuitry 22A stores the generated third
fusion image data in the first memory 18-1 (Step SD12). The
control circuitry 22A stores the MPR image data and the
guide image data used for generation of the third fusion
image data in the second memory 18-2. Specifically, the
control circuitry 22A extracts the MPR image data on which
the guide image data is superimposed from the third fusion
image data, and stores the extracted MPR image data in the
second memory 18-2.

[0120] The control circuitry 22A displays the third fusion
image based on the generated third fusion image data on the
display 50 (step SD13).

[0121] The control circuitry 22A determines whether or
not the ultrasonic scan has ended (step SD14). If it is
determined that the ultrasonic scan has not ended (step
SD14: No), the control circuitry 22A executes the process-
ing from step SD2 to step SD5 and the processing from step
SD9 to step SD13 again. As described above, in the PW
mode, the control circuitry 22A repeats the processing from
step SD2 to step SD5 and repeats the processing from step
SD9 to step SD11, and continues updating the third fusion
image displayed on the display 50.

[0122] If it is determined that the ultrasonic scan has
ended (step SD14: Yes), the control circuitry 22 ends updat-
ing of the third fusion image (or the first fusion image).
[0123] FIG. 8 is an example of a fusion image (display
image) displayed on the display 50 according to the second
embodiment. The display image of FIG. 8 corresponds, for
example, to an image while the PW mode scan is performed
after the color Doppler mode scan has been performed. The
display image of FIG. 8 is divided into, for example, an
image region R1, an image region R2, and an image region
R3.

[0124] In the image region R1 of FIG. 8, an MPR image
based on the MPR image data generated in step SD4 as
shown in FIG. 7 is displayed. The operator views the MPR
image and can recognize the acquisition position of the echo
data when the B-mode image is not acquired.

[0125] A scanning range 100 and a cursor 104 (Doppler
cursor) are superimposed on the MPR image. The cursor 104
indicates the direction and the gate of the pulse Doppler
measurement in the PW mode scan. Specifically, the cursor
104 is indicated by a line 105 indicating the direction of the
pulse Doppler measurement and a gate 106 represented by
a pair of short lines (double lines) and indicating a mea-
surement target position. The position of the cursor 104 is
calculated based on the positional information of the ultra-
sonic probe 70 acquired during the PW mode scan.

[0126] In addition, text “Distance: 3.5 mm” is superim-
posed onto the MPR image, for example. The text “Distance:
3.5 mm” is displayed to notify the operator who is viewing
the display 50 of the occurrence of a positional shift of the
ultrasonic probe 70. The value “3.5 mm” indicates the
distance in the Euclidean space calculated by the control
circuitry 22A in step SD9 shown in FIG. 7. The value “3.5
mm” indicates, for example, the distance from the center O
of the gate 106. The text “Distance: 3.5 mm” and the gate
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106 shown in FIG. 8 are assigned a predetermined display
color in accordance with the calculated distance in the
[0127] Euclidean space. The display color may be yellow,
for example. The operator can recognize the degree of the
positional shift based on the display color.

[0128] The control circuitry 22A may display a first
sample gate set before the PW mode scan is initiated and a
second sample gate based on the position calculated based
on the positional information of the ultrasonic probe 70
acquired during the PW mode scan in parallel. In this case,
the control circuitry 22A assigns a predetermined display
color to the first sample gate, for example. The control
circuitry 22A assigns to the second sample gate a display
color different from that assigned to the first sample gate, in
accordance with the calculated distance in the Euclidean
space.

[0129] A B-mode image 200 is displayed in the image
region R2 of FIG. 8. A color Doppler image 201 and a cursor
203 are superimposed on the B-mode image 200. The cursor
203 is similar to the cursor 104. The B-mode image 200
corresponds, for example, to a B-mode image based on the
B-mode image data acquired immediately before the color
Doppler mode scan is stopped.

[0130] A Doppler spectrum image 300 and an ECG wave-
form 301 are displayed in the image region R3 of FIG. 8.
The Doppler spectrum image 300 is acquired, for example,
by the PW mode scan.

[0131] As described above, according to the second
embodiment, the control circuitry 22A receives a switching
instruction to switch imaging modes from the color Doppler
mode to the PW mode, via the input interface 20. The control
circuitry 22A controls the ultrasonic transmission circuitry
11 and the ultrasonic receive circuitry 12 to generate a
receive signal by the color Doppler mode scan in the color
Doppler mode. The control circuitry 22A controls the ultra-
sonic transmission circuitry 11 and the ultrasonic receive
circuitry 12 to generate a receive signal by the PW mode
scan in the PW mode. The control circuitry 22 A sequentially
generates B-mode image data based on B-mode data gen-
erated in the color Doppler mode. The control circuitry 22A
sequentially generates Doppler spectrum image data based
on the generated Doppler data in the PW mode. During the
PW mode scan, the control circuitry 22A executes the
positional shift detection function 227, and detects the
positional shift of the ultrasonic probe 70 based on the
positional information of the ultrasonic probe 70 immedi-
ately before the color Doppler mode scan is stopped and the
positional information of the ultrasonic probe 70 during PW
mode scan. The control circuitry 22A executes the display
control function 223A, and displays on the display 50 the
detected positional shift as a distance in the Euclidean space.
[0132] Via this processing, the operator can clearly rec-
ognize the occurrence of the positional shift of the ultrasonic
probe 70 when the B-mode image is not acquired.

Other Embodiments

[0133] In the first embodiment, the control circuitry 22
stores the MPR image data generated during the CW mode
scan in the second memory 18-2; however, the embodiments
are not limited thereto. For example, upon receiving an
initiation instruction to initiate the CW mode, the control
circuitry 22 may generate MPR image data based on the first
fusion image data stored in the first memory 18-1 during the
color Doppler mode scan, and may store the MPR image
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data in the second memory 18-2. Via this processing, the
MPR image data generated before switching the imaging
modes can be referred to when the operator desires to view
only an MPR image.

[0134] In the second embodiment, the control circuitry
22A generates MPR image data based on the positional
information of the ultrasonic probe 70, but the embodiments
are not limited thereto. The control circuitry 22A, for
example, may notify the positional shift only by the guide
image, without generating MPR image data. Specifically, the
control circuitry 22A, for example, displays the text “Dis-
tance: 3.5 mm” and a sample gate 211 superimposed onto
the B-mode image 200 displayed in the image region R2 as
shown in FIG. 9. FIG. 9 is an example of a fusion image
displayed on the display 50 according to another embodi-
ment. In this case, the control circuitry 22A does not display
anything in the image region R1, as shown in FIG. 9.
Accordingly, it is possible to decrease the load due to
generation of MPR image data.

[0135] In the second embodiment, the control circuitry
22A displays the distance in the Euclidean space as text with
respect to the positional shift; however, the embodiments are
not limited thereto. The control circuitry 22A may, for
example, display a plan-view image which indicates the
shift amount in the depth direction in the image region R2,
as shown in FIG. 10. FIG. 10 is an example of a fusion
image displayed on the display 50 according to another
embodiment. As shown in FIG. 10, the control circuitry
22A, for example, displays a circle 212 which is a group of
points away from the center O of the sample gate 211 by a
predefined distance “d”. The operator can recognize, for
example, the positional shift by the predetermined distance
d from the center O in the depth direction (Z-direction), as
shown in FIG. 10.

[0136] In the second embodiment, the control circuitry
22A, for example, transmits pulse waves to a scanning line,
and receives the reflected waves to generate the Doppler
spectrum image data in the PW mode scan; however, the
embodiments are not limited thereto. For example, the
control circuitry 22A may sequentially transmit pulse waves
to a plurality of scanning lines, and receives the reflected
waves to generate the Doppler spectrum image data in the
PW mode scan. For example, the control circuitry 22A
alternately transmits pulse waves to a first measurement
target position and a second measurement target position
placed in the different scanning lines, and receives the
reflected waves. Via this processing, the control circuitry
22A can generate the Doppler spectrum image data at the
two measurement target positions, and can simultaneously
display Doppler spectrum images based on the Doppler
spectrum image data generated for the two measurement
target positions.

[0137] By the way, the control circuitry 22, for example,
performs MPR processing to volume data corresponding to
one time phase, and generates MPR image data, in step S34
of FIG. 3. However, the embodiments are not limited
thereto. The control circuitry 22, for example, may perform
MPR processing to the volume data corresponding to each
of multiple time phases, and may generate MPR image data.
In this case, the control circuitry 22 switches volume data
based on which the MPR image data is generated, synchro-
nized with the biological waveform. Specifically, the control
circuitry 22 generates MPR image data synchronized with
the cardiac time phases during the PW mode scan, based not
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only on the positional information of the ultrasonic probe 70,
but also on, for example, ECG waveform data acquired
synchronized with the volume data acquisition, and ECG
waveform data acquired in parallel with the PW mode scan,
and switches the display of MPR images.

[0138] In the aforementioned embodiments, the control
circuitry 22, for example, displays an MPR image based on
the CT image data on the display 50, as shown in FIG. 4;
however, the embodiments are not limited thereto. The
control circuitry 22, for example, may display a plurality of
MPR images generated respectively from multiple items of
volume data acquired by different modalities on the display
50.

[0139] In the aforementioned embodiments, a receive sig-
nal generated by the ultrasonic receive circuitry 12 via the
B-mode scan and the color Doppler mode scan is an example
of first echo data recited in the claims. A receive signal
generated by the ultrasonic receive circuitry 12 via the CW
mode scan, the PW mode scan, the M-mode scan, and PWE
mode scan is an example of second echo data recited in the
claims. A B-mode image. and a combined image in which a
B-mode image and a color Doppler image are combined are
an example of a first image recited in the claims. A Doppler
spectrum image, an M-mode image, and an elastic image
based on elastic image data are an example of a second
image recited in the claims. An MPR image is an example
of a third image recited in the claims.

Display Examples

[0140] FIG. 11 is an example of a fusion image (display
image) displayed on a display according to another embodi-
ment. The display image of FIG. 11 corresponds to an image
while the CW mode scan is performed after the B-mode scan
has been performed. The display image of FIG. 11 is divided
into, for example, an image region R1, an image region R2,
and an image region R3. The display image of FIG. 11 is
different from the display image of FIG. 4 in that a circular
marker is not displayed.

[0141] A B-mode image 200 is displayed in the image
region R2. A cursor 204 is superimposed on the B-mode
image 200. The cursor 204 indicates the direction to which
ultrasonic waves are emitted in the CW mode. A combined
image in which a color Doppler image is combined with the
B-mode image may be displayed in the image region R2.
[0142] An MPR image is displayed in the image region
R1. Ascanning range 100 and a cursor 107 are superimposed
on the MPR image. The cursor 107 is similar to the cursor
204. The position of the cursor 107 is calculated, for
example, based on the positional information of the ultra-
sonic probe 70 acquired during the CW mode scan.

[0143] A Doppler spectrum image 300 and an ECG wave-
form 301 are displayed in the image region R3. The Doppler
spectrum image 300 is acquired, for example, by the CW
mode scan.

[0144] In sum, the display image of FIG. 11 includes a
fusion image in which at least an MPR image and a B-mode
image are simultaneously displayed, and a fusion image in
which at least an MPR image and a Doppler spectrum image
are simultaneously displayed. A cursor 107 is constantly
displayed on the MPR image. Since the cursor 107 is
constantly displayed on the MPR image, an operator can
constantly recognize the acquisition position of the echo
data.
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[0145] FIG. 12 is an example of a fusion image (display
image) displayed on a display according to another embodi-
ment. The display image of FIG. 12 corresponds, for
example, to an image while the M-mode scan is performed
after the B-mode scan has been performed. The display
image of FIG. 12 is divided into, for example, an image
region R1, an image region R2 and an image region R3.
[0146] A B-mode image 200 is displayed in the image
region R2. A cursor 205 is superimposed on the B-mode
image 200. The cursor 205 indicates the direction to which
ultrasonic waves are emitted in the M-mode.

[0147] An MPR image is displayed in the image region
R1. Ascanning range 100 and a cursor 108 are superimposed
on the

[0148] MPR image. The cursor 108 is similar to the cursor
205. The position of the cursor 108 is calculated based on the
positional information of the ultrasonic probe 70 acquired
during the M-mode scan.

[0149] An M-mode image 310 is displayed in the image
region R3. The M-mode image 310 is acquired, for example,
by the M-mode scan.

[0150] In sum, the display image of FIG. 12 includes a
fusion image in which at least an MPR image and a B-mode
image are simultaneously displayed, and a fusion image in
which at least an MPR image and an M-image are simul-
taneously displayed. A cursor 108 is constantly displayed on
the MPR image. Since the cursor 108 is constantly displayed
on the MPR image, an operator can constantly recognize the
acquisition position of the echo data.

[0151] FIG. 13 is an example of a fusion image (display
image) displayed on a display according to another embodi-
ment. The display image of FIG. 13 corresponds to an image
obtained while the SWE mode scan is performed after the
B-mode scan has been performed. The display image of FIG.
13 is divided into, for example, an image region R1, an
image region R2 and an image region R3.

[0152] An MPR image is displayed in the image region
R1. A scanning range 100 and an ROI marker 109 are
superimposed on the MPR image. The ROI marker 109
indicates, for example, a range of a shear wave propagation
speed display, an elasticity rate display, a propagation dis-
play, etc. in the SWE mode.

[0153] A B-mode image 200 is displayed in the image
region R2. An ROI marker corresponding to the ROI marker
109 may be superimposed on the B-mode image 200.
[0154] An SWE image 320 is displayed in the image
region R3. A propagation display image 330 is superim-
posed on the SWE image 320. The SWE image 320 is
acquired, for example, by the SWE mode scan. The image
superimposed on the SWE image 320 may be, for example,
a shear wave propagation speed display image or an elas-
ticity rate display image.

[0155] In sum, the display image of FIG. 13 includes a
fusion image in which at least an MPR image and a B-mode
image are simultaneously displayed, and includes a fusion
image in which at least an MPR image and an SWE image
are simultaneously displayed. The ROI marker 109 is con-
stantly displayed on the MPR image. Since the ROI marker
109 is constantly displayed on the MPR image, an operator
can constantly recognize the acquisition position of the echo
data.

[0156] FIG. 14 is an example of a fusion image (display
image) displayed on a display according to another embodi-
ment. The display image of FIG. 14 corresponds to an image
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while the SWE mode scan is performed after the B-mode
scan has been performed. The display image of FIG. 14 is
divided into, for example, an image region R1, an image
region R2, and an image region R3 and an image region R4.
[0157] An MPR image is displayed in the image region
R1. A scanning range 100 and an ROI marker 109 are
superimposed on the MPR image. A B-mode image 200 is
displayed in the image region R2. An SWE image 320 is
displayed in the image region R3. A propagation display
image 330 is superimposed on the SWE image 320.
[0158] An SWE image 400 is displayed in the image
region R4. An elasticity rate display image 410 is superim-
posed on the SWE image 400. The SWE image 400 is
acquired, for example, by the SWE mode scan. The image
superimposed on the SWE image 400 may be a shear wave
propagation speed display image.

[0159] In sum, the display image of FIG. 14 includes a
fusion image in which at least an MPR image and a B-mode
image are simultaneously displayed, and a fusion image in
which at least an MPR image and an SWE image are
simultaneously displayed. The ROI marker 109 is constantly
displayed on the MPR image. Since the ROI marker 109 is
constantly displayed on the MPR image, an operator can
constantly recognize the acquisition position of the echo
data.

[0160] According to at least one of the aforementioned
embodiments, it is possible to assist recognition of the
acquisition position of the echo data when the B-mode
image is not acquired.

[0161] The term “processor” used in the above description
refers to, for example, a CPU (Central Processing Unit), a
GPU (Graphics Processing Unit), or circuitry such as an
ASIC (Application Specific Integrated Circuit), a program-
mable logic device (for example, an SPLD (Simple Pro-
grammable Logic Device), a CPLD (Complex Program-
mable Logic Device), or an FPGA (Field Programmable
Gate Array)). A processor implements functions by reading
and executing a program stored in the storage circuitry. Each
processor of the present embodiments is not limited to be
configured as single circuitry, but may include a plurality of
units of independent circuitry, in order to implement the
functions. Furthermore, a plurality of constituent elements
shown in FIGS. 1, and 5 may be integrated into one
processor to implement the functions.

[0162] 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.

1. An ultrasonic diagnostic apparatus comprising:
processing circuitry configured to:
receive a switching instruction to switch imaging
modes from a first imaging mode to a second imag-
ing mode;
acquire first echo data by an ultrasonic probe executing
an ultrasonic scan of a first scanning type in the first
imaging mode, and acquire second echo data by the
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ultrasonic probe executing an ultrasonic scan of a
second scanning type in the second imaging mode;

sequentially generate a first image including a B-mode
image based on the first echo data in the first imaging
mode, and sequentially generate a second image not
including a B-mode image based on the second echo
data in the second imaging mode;

sequentially generate a third image from pre-acquired
volume data, based on positional information
acquired by a position sensor provided in the ultra-
sonic probe; and

direct a display to sequentially display the first image
and the third image in the first imaging mode, and to
sequentially display the second image and the third
image in the second imaging mode.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the first image is a B-mode image, or a combined image
of a B-mode image and a color Doppler image; and

the second image is a Doppler spectrum image, an
M-mode image, or an SWE image.

3. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the second scanning type is a CW type scan in which
while continuous waves are transmitted, reflected
waves are received.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the second scanning type is a PW type scan in which pulse
waves are sequentially transmitted to a plurality of
scanning lines, and reflected waves are received.

5. The ultrasonic diagnostic apparatus according to claim
2, further comprising;
a memory configured to sequentially store the third image
generated in the second imaging mode,
wherein the processing circuitry is further configured to:

in response to an operation of designating a time phase on
the Doppler spectrum image, a biological waveform, or
the M-mode image, read from the memory the third
image corresponding to the designated time phase.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the processing circuitry is further configured to:

detect a positional shift of the ultrasonic probe based on
positional information at the time when switching
the imaging modes and positional information after
switching the imaging modes, acquired by a position
sensor provided in the ultrasonic probe; and

notify the detected positional shift.

7. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the third image is either an X-ray image, an MRI image,
an ultrasonic image, or a nuclear medicine image.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein:

the processing circuitry is further configured to:

switch volume data based on which the third image is
generated, synchronized with a biological waveform.
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9. The ultrasonic diagnostic apparatus according to claim
1, wherein

the processing circuitry is further configured to:

direct the display to display the third image on which
information related to an ultrasonic image in accot-
dance with various types of imaging modes is super-
imposed.

10. An ultrasonic diagnostic apparatus comprising:

processing circuitry configured to:

receive a switching instruction to switch imaging
modes from a first imaging mode to a second imag-
ing mode;

acquire first echo data by an ultrasonic probe executing
an ultrasonic scan of a first scanning type in the first
imaging mode, and acquire second echo data by the
ultrasonic probe executing an ultrasonic scan of a
second scanning type in the second imaging mode;

sequentially generate a first image including a B-mode
image based on the first echo data in the first imaging
mode, and sequentially generate a second image not
including a B-mode image based on the second echo
data in the second imaging mode;

detect a positional shift of the ultrasonic probe based on
positional information at the time when switching
the imaging modes and positional information after
switching the imaging modes, acquired by a position
sensor provided in the ultrasonic probe; and

notify the detected positional shift.

11. The ultrasonic diagnostic apparatus according to claim
10, wherein:

the processing circuitry is further configured to:

direct a display to sequentially display at least the first
image in the first imaging mode, and to sequentially
display at least the second image in the second
imaging mode.

12. The ultrasonic diagnostic apparatus according to
claim 10, wherein:

the first image is a B-mode image, or a combined image

of a B-mode image and a color Doppler image; and
the second image is a Doppler spectrum image, an
M-mode image, or an SWE image.
13. A non-transitory computer readable medium storing a
computer program which is executed by a computer to
provide the steps of:
receiving a switching instruction to switch imaging modes
from a first imaging mode to a second imaging mode;

acquiring first echo data by an ultrasonic probe executing
an ultrasonic scan of a first scanning type in the first
imaging mode, and acquiring second echo data by the
ultrasonic probe executing an ultrasonic scan of a
second scanning type in the second imaging mode;

sequentially generating a first image including a B-mode
image based on the first echo data in the first imaging
mode, and sequentially generating a second image not
including a B-mode image based on the second echo
data in the second imaging mode;

sequentially generating a third image from pre-acquired

volume data, based on positional information acquired
by a position sensor provided in the ultrasonic probe;
and

directing a display to sequentially display the first image

and the third image in the first imaging mode, and to
sequentially display the second image and the third
image in the second imaging mode.

14. A non-transitory computer readable medium storing a
computer program which is executed by a computer to
provide the steps of:
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receiving a switching instruction to switch imaging modes
from a first imaging mode to a second imaging mode;

acquiring first echo data by an ultrasonic probe executing
an ultrasonic scan of a first scanning type in the first
imaging mode, and acquiring second echo data by the
ultrasonic probe executing an ultrasonic scan of a
second scanning type in the second imaging mode;

sequentially generating a first image including a B-mode
image based on the first echo data in the first imaging
mode, and sequentially generating a second image not
including a B-mode image based on the second echo
data in the second imaging mode;

detecting a positional shift of the ultrasonic probe based
on positional information at the time when switching
the imaging modes and positional information after
switching the imaging modes, acquired by a position
sensor provided in the ultrasonic probe; and

notifying the detected positional shift.
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