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ULTRASONIC DIAGNOSTIC APPARATUS
AND CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2015-122353, filed on Jun. 17, 2015, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus and a control method.

BACKGROUND

[0003] Elastography has been known, which measures the
stiffness of biological tissue and visualizes the distribution
of the measured stiffness. Elastography is used, for example,
for diagnosis of diseases such as cirrhosis that change the
stiffness of biological tissue with the degree of progress of
lesions.

[0004] In elastography, the stiffness of biological tissue is
evaluated, for example, by giving acoustic radiation force or
mechanical vibration to biological tissue from the body
surface using an ultrasound probe to produce shear wave-
induced displacement, and observing the displacement at
each point in the scanned section over time to obtain the
propagation speed of shear waves and then the elastic
modulus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a block diagram illustrating a configura-
tion example of an ultrasonic diagnostic apparatus according
to a first embodiment;

[0006] FIG. 2A is a diagram for explaining an example in
which the physical quantity related to stiffness is measured
by transmitting a push pulse and transmitting and receiving
tracking pulses, in each of a plurality of divided regions of
a region of interest (ROI), in one heartbeat;

[0007] FIG. 2B is a diagram for explaining an example in
which the physical quantity related to stiffness is measured
by transmitting a push pulse and transmitting and receiving
tracking pulses, in each of a plurality of divided regions of
an ROI, in one heartbeat;

[0008] FIG. 3 is a diagram illustrating an example of the
hardware configuration of a computer;

[0009] FIG. 4 is a diagram for explaining an example of
the pre-scan and the main scan;

[0010] FIG. 5 is a flowchart for explaining an example of
the stiffness image generating process according to the first
embodiment;

[0011] FIG. 6 is a diagram for explaining an example of a
first modification to the first embodiment;

[0012] FIG. 7 is a block diagram illustrating a configura-
tion example of the ultrasonic diagnostic apparatus accord-
ing to a second embodiment;

[0013] FIG. 8 is a diagram for explaining an example of
the processing performed by the ultrasonic diagnostic appa-
ratus according to the second embodiment;

[0014] FIG. 9 is a diagram for explaining an example of
the processing performed by the ultrasonic diagnostic appa-
ratus according to the second embodiment; and
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[0015] FIG. 10 is a flowchart for explaining an example of
the stiffness image generating process according to the
second embodiment.

DETAILED DESCRIPTION

[0016] An ultrasonic diagnostic apparatus according to an
embodiment includes calculation circuitry, acquisition cit-
cuitry, determination circuitry, and scan control circuitry.
The calculation circuitry calculates an indicator related to
motion of biological tissue in a subject, based on echo data
obtained through a pre-scan for the subject. The acquisition
circuitry acquires a periodic biological signal of the subject.
The determination circuitry specifies at least one time phase
in one cycle of the biological signal acquired during the
pre-scan, based on the indicator, and determines a timing of
amain scan for the subject, based on the specified time phase
and the biological signal acquired after the pre-scan. The
scan control circuitry executes the main scan at the timing
determined by the determination circuitry.

[0017] Embodiments of an ultrasonic diagnostic apparatus
and a control method will be described in details below with
reference to the accompanying drawings. The embodiments
can be combined as appropriate.

First Embodiment

[0018] A configuration of an ultrasonic diagnostic appa-
ratus according to a first embodiment will now be described.
FIG. 1 is a block diagram illustrating a configuration
example of the ultrasonic diagnostic apparatus according to
the first embodiment. As illustrated in FIG. 1, the ultrasonic
diagnostic apparatus according to the first embodiment
includes an vltrasound probe 1, a monitor 2, an input device
3, and an apparatus body 10. The apparatus body 10 is
connected to a biological signal measuring device 4.
[0019] The ultrasound probe 1 includes a plurality of
transducer elements (for example, piezo transducer ele-
ments). Theses transducer elements produce ultrasound
based on a drive signal supplied from a transmitter 11 in the
apparatus body 10 described later. The transducer elements
of the ultrasound probe 1 convert an echo received from a
subject P into an electrical signal (echo signal). The ultra-
sound probe 1 further includes a matching layer provided on
the transducer elements and a backing material for prevent-
ing ultrasound from propagating to the back side of the
transducer elements.

[0020] When ultrasound is transmitted from the ultra-
sound probe 1 to the subject P, the transmitted ultrasound is
reflected one after another at the acoustic impedance dis-
continuous surface in biological tissue of the subject P and
received as echoes by the transducer elements of the ultra-
sound probe 1. The amplitude of an echo signal produced
from the received echoes depends on the difference in
acoustic impedance of the discontinuous surface at which
ultrasound is reflected. When the transmitted ultrasound
pulse is reflected at moving blood flow or a surface such as
heart wall, the echo signal undergoes a frequency shift
depending on the velocity component of the moving object
in the ultrasound transmission direction, due to the Doppler
effect.

[0021] A variety of ultrasound probes can be used as the
ultrasound probe 1. For example, the ultrasound probe 1
may be a one-dimensional ultrasound probe including a
plurality of piezo transducer elements arranged in a row.
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Another example of the ultras end probe 1 may be a
one-dimensional ultrasound probe including a plurality of
piezo transducer elements arranged in a row and mechani-
cally swung. Yet another example of the ultrasound probe 1
may be a two-dimensional ultrasound probe including a
plurality of piezo transducer elements two-dimensionally
arranged in a grid.

[0022] The monitor 2 displays, for example, graphical user
interfaces (GUIs) for the operator of the ultrasonic diagnos-
tic apparatus to input settings and requests using the input
device 3, and ultrasonic image data generated in the appa-
ratus body 10. The monitor 2 is an example of the display
unit.

[0023] The input device 3 includes, for example, a mouse,
a keyboard, a button, a panel switch, a touch command
screen, a foot switch, a trackball, and/or a joystick, and
accepts settings and requests from the operator of the
ultrasonic diagnostic apparatus to transfer the accepted
settings and requests to the apparatus body 10.

[0024] The biological signal measuring device 4 acquires
a periodic biological signal f the subject P. The biological
signal measuring device 4 successively acquires biological
signals of the subject P and transmits the acquired signals to
the apparatus body 10. The biological signal measuring
device 4 in the present embodiment is an electrocardiograph
and acquires an electrocardiographic signal of the subject P
as a biological signal of the subject P. The biological signal
may be any signal in which periodicity can be recognized
when evaluated in time series and from which a particular
time phase can be extracted. Examples other than the
electrocardiographic signal include a pulse wave signal and
a phonocardiography signal. In the present embodiment, the
biological signal measuring device 4 is separate from the
apparatus body 10. The biological signal measuring device
4, however, may not be a separate unit. The biological signal
measuring device 4 1s an example of the acquisition circuit.

[0025] The apparatus body 10 is an apparatus that gener-
ates ultrasonic image data based on an echo signal produced
from an echo received by the ultrasound probe 1. The
apparatus body 10 includes, as illustrated in FIG. 1, the
transmitter 11, a receiver 12, a signal processor 13, an image
generator 14, an image memory 15, an internal storage 16,
and a controller 17.

[0026] The transmitter 11 is a transmitting circuit that
controls transmission directivity in ultrasound transmission.
Specifically, the transmitter 11 includes a rate pulse genera-
tor, a transmission delay unit, and a transmission pulser to
supply a drive signal to the ultrasound probe 1. The rate
pulse generator repeatedly generates a rate pulse for forming
transmission ultrasound at a predetermined pulse repetition
frequency (PRF). The rate pulses pass through the transmis-
sion delay unit to apply voltage to the transmission pulser
with different delay times. That is, the transmission delay
unit provides a rate pulse generated by the rate pulse
generator with a transmission delay time for each transducer
element necessary for focusing ultrasound produced from
the ultrasound probe 1 into a beam to determine transmis-
sion directivity. The transmission pulser applies a drive
signal (drive pulse) to the ultrasound probe 1 at the timing
based on such a rate pulse. The transmission direction or the
transmission delay time is stored in the internal storage 16
described later. The transmitter 11 refers to the internal
storage 16 to control transmission directivity.
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[0027] The drive pulse is transmitted from the transmis-
sion pulser to a transducer element in the ultrasound probe
1 through a cable and then converted from an electrical
signal into mechanical vibration in the transducer element.
This mechanical vibration is transmitted as ultrasound in the
inside of the body. Ultrasound having transmission delay
times different among the transducer elements converges to
propagate in a predetermined direction. The transmission
delay unit adjusts the transmission direction from the trans-
ducer element surface as desired, by changing the transmis-
sion delay time applied to each rate pulse. The transmitter 11
provides transmission directivity by controlling the number
and positions (transmit aperture) of transducer elements
used for transmission of an ultrasonic beam as well as the
transmission delay times in accordance with the positions of
the transducer elements that form the transmit aperture. For
example, the transmission delay unit of the transmitter 11
controls the position of the focus point (transmission focus)
in the depth direction of ultrasound transmission, by apply-
ing a transmission delay time to each rate pulse generated by
the rate pulse generator.

[0028] The transmitter 11 has a function capable of instan-
taneously changing a transmission frequency, a transmission
drive voltage, and the like to execute a predetermined scan
sequence, based on an instruction from the controller 17
described later. In particular, a transmission drive voltage is
changed by a linear amplifier-type oscillator capable of
instantaneously switching its values, or by a mechanism of
electrically switching a plurality of power supply units.
[0029] The echo of ultrasound transmitted by the ultra-
sound probe 1 reaches the transducer elements in the ultra-
sound probe 1 and is then converted from mechanical
vibration into an electrical signal (echo signal) in the trans-
ducer elements to be input to the receiver 12.

[0030] The receiver 12 is a receiving circuit that controls
reception directivity in ultrasound reception. Specifically,
the receiver 12 includes a preamplifier, an analog-to-digital
(A/D) converter, a reception delay unit, and an adder to
perform various processing on the echo signal received from
the ultrasound probe 1 and generate echo data. The pream-
plifier amplifies the echo signal for each channel and per-
forms gain correction processing. The A/D converter con-
verts the gain-corrected echo signal into a digital signal. The
reception delay unit applies a reception delay time necessary
for determining reception directivity for each channel. The
adder adds the echo signals (digital signals) having the
reception delay times to generate echo data. The adding
processing by the adder enhances the echo component from
the direction corresponding to the reception directivity of the
echo signals. The reception direction or the reception delay
time is stored in the internal storage 16 described later. The
receiver 12 refers to the internal storage 16 to control
reception directivity. The receiver according to the first
embodiment may perform parallel simultaneous reception.
[0031] The signal processor 13 is a processor hat performs
various signal processing on the echo data generated by the
receiver 12 from echo signals. The signal processor 13
performs logarithmic amplification, envelope detection, and
other processing on the echo data received front the receiver
12 to generate data (B mode data) representing the signal
intensity for each sample point by brightness.

[0032] The signal processor 13 also generates data (Dop-
pler data) by extracting motion information based on the
Doppler effect of a moving object from the echo data
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received by the receiver 12 at each sample point in a scanned
region. Specifically, the signal processor 13 generates Dop-
pler data as motion information of a moving object, by
extracting average velocity, variance, power value, and the
like at each sample point. As used herein, the moving object
is, for example, bloodstream, tissue such as heart wall, and
contrast medium.

[0033] Here, the ultrasonic diagnostic apparatus according
to the first embodiment is an apparatus capable of conduct-
ing elastography which measures the stiffness of biological
tissue and visualizes the distribution of the measured stiff-
ness. For example, the ultrasonic diagnostic apparatus
according to the first embodiment conducts elastography by
applying acoustic radiation force to produce displacement in
biological tissue.

[0034] That is, the transmitter 11 according to the first
embodiment allows the ultrasound probe 1 to transmit a
push pulse (displacement-inducing burst wave) for produc-
ing displacement by shear waves caused by acoustic radia-
tion force. The transmitter 11 according to the first embodi-
ment then allows the ultrasound probe 1 to transmit a
tracking pulse (observation pulse) multiple times for observ-
ing the displacement produced by the push pulse in each of
plurality of scan lines in a scanned region. The tracking
pulse is transmitted to observe the propagation speed of the
shear wave generated by the push pulse at each sample point
in the scanned region. In general, the tracking pulse is
transmitted multiple times to each scan line in the scanned
region. The receiver 12 generates echo data from the echo
signal of the tracking pulse transmitted in each scan line in
the scanned region.

[0035] The signal processor then analyses the echo data of
the tracking pulse transmitted multiple times in each scan
line in the scanned region to calculate stiffness distribution
information indicating the distribution of stiffness of the
scanned region. For example, the signal processor 13 gen-
erates stiffness distribution information of the scanned
region by measuring the propagation speed of the shear
wave produced by the push pulse at a sample point.
[0036] For example, the signal processor 13 analyzes the
frequency of echo data of the tracking pulse. The signal
processor 13 thus generates motion information (tissue
Doppler data) over a plurality of time phases at each of a
plurality of sample points of a scan line. The signal proces-
sor 13 then time-integrates velocity components of tissue
Doppler data in a plurality of time phases obtained at each
of the sample points of a scan line. The signal processor 13
thus calculates displacement at each of the sample points of
a scan line over a plurality of time phases. The signal
processor 13 then obtains a time at which displacement is
largest at each sample point. The signal processor 13 then
acquires the time at which the largest displacement is
obtained at each sample point, as the shear wave arrival time
at each sample point. The signal processor 13 then calculates
the propagation speed of shear wave at each sample point by
spatial differentiation of the shear wave arrival time at each
sample point. The “propagation speed of shear wave” is
hereinafter referred to as “shear wave speed”.

[0037] The signal processor 13 then maps the color-coded
shear wave speed to the corresponding sample point to
generate stiffness distribution information. The shear wave
speed is great for hard tissue, and the shear wave speed is
small for soft tissue. That is, the greater the shear wave speed
is, the greater the value indicating the tissue stiffness (elastic
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modulus) is. The shear wave speed may be calculated by the
signal processor 13 detecting the correlation of tissue dis-
placement between adjacent scan lines, rather than based on
the time at which displacement is largest at each sample
point.

[0038] The signal processor 13 may calculate the Young’s
modulus or shear modulus from the shear wave speed and
generate stiffness distribution information from the calcu-
lated Young’s modulus or shear modulus. Displacement,
shear wave speed, Young’s modulus, and shear modulus are
physical quantities related to stiffness of biological tissue.
Displacement, shear wave speed, and others are also physi-
cal quantities related to motion of biological tissue.

[0039] The shear wave produced by one transmission of a
push pulse attenuates with propagation. When it is intended
that the shear wave speed be observed over a wide region,
the shear wave produced by a push pulse transmitted in a
particular scan line attenuates with propagation and subse-
quently becomes unable to be observed at a sufficient
distance from the transmission position of the push pulse.
[0040] In such a case, it is necessary to transmit a push
pulse at a plurality of positions in the azimuth direction. For
example, a region of interest (ROI) is divided into a plurality
of regions along the azimuth direction. The transmitter 11
transmits push pulses at different scan line positions to
produce shear waves, before transmitting and receiving
tracking pulses in each region (hereinafter referred to as a
divided region). In doing so, the transmission position of a
push pulse is typically set in the vicinity of each divided
region. When the number of simultaneous parallel recep-
tions is limited to a few, the transmitter 11 successively
performs, for each of a plurality of divided regions along the
azimuth direction, the processing of transmitting a tracking
pulse multiple times in each scan line of the divided region,
after transmitting a push pulse. For example, the transmitter
11 transmits and receives tracking pulses after transmitting
a push pulse in each of a plurality of divided regions.
[0041] The image generator 14 is a processor that gener-
ates ultrasonic image data from data generated by the signal
processor 13. The image generator 14 generates B mode
image data representing the intensity of echo by brightness,
from the B mode data generated by the signal processor 13.
The image generator 14 also generates Doppler image data
representing moving object information from the Doppler
data generated by the signal processor 13. The Doppler
image data is velocity image data, variance image data,
power image data, or image data of a combination thereof.
[0042] The image generator 14 also generates stiffness
image data representing the stiffness of biological tissue in
color, from the stiffness distribution information generated
by the signal processor 13. For example, the image generator
14 generates, as stiffness image data, shear wave speed
image data in which a pixel value corresponding to the shear
wave speed at each point in the scanned region is allocated
to the point.

[0043] Here, in general, the image generator 14 converts a
scan line signal train in ultrasound scanning into a scan line
signal train in a video format typically for televisions (scan
conversion) to generate display ultrasonic image data. Spe-
cifically, the image generator 14 generates display ultrasonic
image data by performing coordinate transformation in
accordance with the format of ultrasound scanning by the
ultrasound probe 1. The image generator 14 performs vari-
ous image processing in addition to scan conversion, for
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example, image processing for regenerating a brightness
mean value image (smoothing process) and image process-
ing using a differential filter in an image (edge enhancing
process), using a plurality of image frames after scan con-
version. The image generator 14 combines supplementary
information (for example, character information of param-
eters, scales, body marks) with the ultrasonic image data.

[0044] That is, the 13 mode data, the Doppler data, and the
stiffness distribution information are ultrasonic image data
before scan conversion, and the data generated by the image
generator 14 is display ultrasonic image data after scan
conversion.

[0045] The image memory 15 is a memory storing display
image data generated by the image generator 14. The image
memory 15 may also store data generated by the signal
processor 13. The B mode data, the Doppler data, and the
stiffness distribution information stored in the image
memory 15 can be invoked, for example, by the operator
after diagnosis and passed through the image generator 14 to
produce display ultrasonic image data.

[0046] The internal storage 16 is a memory storing a
control program for performing ultrasound transmission/
reception, image processing, and display processing, diag-
nostic information (for example, patient ID, the doctor’s
observation), and a variety of data such as diagnosis proto-
cols and body marks. The internal storage 16 is also used for
saving image data stored in the image memory 15, as
necessary. The data stored in the internal storage 16 can be
transferred to an external device through a not-illustrated
interface.

[0047] The controller 17 centrally controls the processing
in the ultrasonic diagnostic apparatus. Specifically, the con-
troller 17 controls the processing of the transmitter 11, the
receiver 12, the signal processor 13, and the image generator
14, based on the settings and requests input from the
operator through the input device 3, and a variety of control
programs and data read from the internal storage 16. The
controller 17 also performs control such that the display
ultrasonic image data stored in the image memory 15
appears on the monitor 2.

[0048] The transmitter 11, the receiver 12, and others
included in the apparatus body 10 may be configured by
hardware such as a processor (for example, a central pro-
cessing unit (CPU), a micro processing unit (MPU), an
integrated circuit) or may be configured by software pro-
gram modules.

[0049] The overall configuration of the ultrasonic diag-
nostic apparatus according to the first embodiment has been
described above. With such a configuration, the ultrasonic
diagnostic apparatus according to the first embodiment
performs a variety of processing described below to accu-
rately measure the physical quantity related to stiffness of
biological tissue.

[0050] We will now explain a case where the physical
quantity related to stiffness is measured by transmitting a
push pulse and transmitting and receiving tracking pulses, in
each of a plurality of divided regions in an ROI, in one
heartbeat from a certain R wave to the next R wave. FIG. 2A
and FIG. 2B are diagrams for explaining an example in
which the physical quantity related to stiffness is measured
by transmitting a push pulse and transmitting and receiving
tracking pulses, in each of a plurality of divided regions of
an ROI, in one heartbeat.

Dec. 22,2016

[0051] The example in FIG. 2A illustrates an example of
the relation among the electrocardiographic waveform of an
electrocardiographic signal of the subject, the amount of
displacement at a predetermined part of the heart indicating
the pulsation of the heart of the subject, and the timing at
which a push pulse is transmitted and tracking pulses are
transmitted and received in each of a plurality of divided
regions of an ROIL. The example in FIG. 2B illustrates an
exemplary ROI 21 divided into a plurality of (n regions,
where n is an integer equal to or greater than two) divided
regions 21a to 21n.

[0052] In each of the divided regions 21a to 21n, the
physical quantity related to stiffness is measured by trans-
mitting a push pulse and transmitting and receiving tracking
pulses. Blocks 20a to 20# illustrated in the example FIG. 2A
are respective sets of a push pulse and tracking pulses
transmitted in the divided regions 214 to 21#. The respective
widths of the blocks 20a to 20% indicate the time in which
a push pulse and tracking pulses are transmitted (transmis-
sion time) in the divided regions 21a to 21z For example,
the width of the block 20qa indicates the transmission time
for a push pulse and tracking pulses in the divided region
21a. This is applicable to the other blocks 205 to 20x. That
is, the width of a block 20k (k=a, b, . . . , n) is the
transmission time for a push pulse and tracking pulses in a
divided region 21k The width of the block 20 illustrated in
FIG. 2A indicates the total of transmission times for a push
pulse and tracking pulses in the blocks 203 to 20z.

[0053] Here, the time phase in which a push pulse and
tracking pulses are transmitted in the divided region 21a
differs from the time phase in which a push pulse and
tracking pulses are transmitted in the divided region 21#.
This may lead to poor accuracy of stiffness distribution
information generated based on the physical quantity mea-
sured in the divided regions 21a to 21x.

[0054] The ultrasonic diagnostic apparatus according to
the present embodiment therefore transmits a push pulse and
tracking pulses in the same time phase in a plurality of
divided regions to measure the physical quantity related to
stiffness. The physical quantity related to stiffness thus can
be obtained accurately.

[0055] Returning to FIG. 1, the controller 17 includes a
scan controller 171, a calculator 172, and a determiner 173.
An example of the hardware of the controller 17 is a
computer. A hardware configuration of such a computer will
be described. F1G. 3 is a diagram illustrating an example of
the hardware configuration of a computer. As illustrated in
the example in FIG. 3, a computer 22 includes a central
processing unit (CPU) 22a, a read only memory (ROM) 225,
a hard disk drive (HDD) 22¢, and a random access memory
(RAM) 22d. The CPU 224, the ROM 224, the HDD 22¢, and
the RAM 224 are connected through a bus. Basic programs
such as an operating system (OS) are stored in the ROM 225.
A control program 22e is stored in the HDD 22¢ in advance.
[0056] The CPU 22a reads the control program 22e from
the HDD 22¢ for execution. In doing so, the CPU 22a
temporarily stores various data used for processing into the
RAM 224 to execute the control program 22e¢. The CPU 224
executes the control program 22e in this manner to virtually
implement the scan controller 171, the calculator 172, and
the determiner 173 in the controller 17.

[0057] The scan controller 171 executes a pre-scan and a
main scan. In a broad sense, the scan in the present embodi-
ment includes, for example, acquisition of echo data of one
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frame through transmission and reception of converging
wave multiple times and acquisition of echo data of one
frame through transmission and reception of plane wave
once. FIG. 4 is a diagram for explaining an example of the
pre-scan and the main scan.

[0058] The example in FIG. 4 illustrates the relation
among the electrocardiographic waveform of an electrocar-
diographic signal of the subject P acquired by the biological
signal measuring device 4, the transmission timing of a push
pulse and tracking pulses, and the displacement indicating
the pulsation of the heart of the subject P.

[0059] The example in FIG. 4 illustrates the electrocar-
diographic waveform from the first heartbeat to the sixth
heartbeat. Here, the heartbeat at which the pre-scan is
performed is considered as the first. heartbeat. In the
example in FIG. 4, the scan controller 171 controls the
processing of the transmitter 11, the receiver 12, the signal
processor 13, and the image generator 14 such that the
pre-scan is executed in the first heartbeat and that the main
scan is executed in each of the second to sixth heartbeats
using the result obtained in the pre-scan.

[0060] For example, the scan controller 171 controls the
transmitter 11 such that tracking pulses are transmitted from
the ultrasound probe I to a particular portion in an ROI 25,
during the transmission time indicated by the width of each
of blocks 23 continuous in a row on the whole in the first
heartbeat, as illustrated in the example in FIG. 4. In one
block 23, for example, a plurality of tracking pulses are
transmitted. The width of one block 23 indicates the trans-
mission time for a plurality of tracking pulses. The scan
controller 171 also controls the receiver 12 so as to generate
echo data at a predetermined position in the ROI to which
tracking pulses are transmitted in the first heartbeat. The
scan controller 171 may control the receiver 12 so as to
generate echo data at a plurality of positions in the ROI to
which tracking pulses are transmitted in the first heartbeat.
The scan controller 171 thus executes the pre-scan for
generating echo data by transmitting tracking pulses, in the
first heartbeat. That is, the pre-scan includes transmission
and reception of tracking pulses. The reception of tracking
pulses refers to reception of echoes of tracking pulses. The
pre-scan is a scan executed multiple times in succession.
[0061] The calculator 172 calculates an indicator related
the motion of biological tissue in the subject P, based on
echo data obtained through the pre-scan for the subject P.
The indicator related to the motion of biological tissue
includes displacement and velocity of biological tissue.
[0062] For example, as illustrated in the example in FIG.
4, the calculator 172 calculates displacement 24 indicating
the pulsation of the heart of the subject P in the first
heartbeat, from echo data obtained through the pre-scan. For
example, the calculator 172 analyzes the frequency of the
echo data to generate motion information (tissue Doppler
data) and time-integrates the velocity component of tissue
Doppler data to calculate the displacement 24 indicating the
pulsation of the heart of the subject P in the first heartbeat.
The calculator 172 may calculate an indicator related to the
motion of biological tissue, such as displacement, through
speckle tracking between ultrasonic images. Alternatively,
the calculator 172 may calculate up to the velocity compo-
nent of tissue Doppler data, rather than calculating up to the
displacement. In the example in FIG. 4, in the second to
sixth heartbeats, the displacement indicating the pulsation of
the heart is denoted by a dashed line. The displacement
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denoted by the dashed line, however, is not the one calcu-
lated by the calculator 172 but merely indicates that the
displacement 24 calculated in the first heartbeat is periodi-
cally repeated also in the second to sixth heartbeats.
[0063] The determiner 173 specifics at least one time
phase in one cycle of the electrocardiographic signal of the
subject F acquired by the biological signal measuring device
4 during the pre-scan, in the first heartbeat, based on the
displacement 24 in the first heartbeat calculated by the
calculator 172. Here, the determiner 173 specifies, for
example, a time phase 70 in which the amount of change in
displacement indicating pulsation of the heart in a predeter-
mined period is equal to or smaller than a predetermined
threshold. The determiner 173 then calculates a time phase
difference between the specified time phase 70 and a time
phase in which the electrocardiographic signal acquired
during the pre-scan exhibits a distinctive change. As used
herein, the time phase exhibiting a distinctive change refers
to, for example, a time phase exhibiting a change corre-
sponding to the T wave. That is, the determiner 173 calcu-
lates the time from the T wave to the time phase 70. The
predetermined period mentioned above refers to, for
example, a period longer than the transmission time for a
push pulse and tracking pulses in each of the second to sixth
heartbeats.

[0064] The processing of executing a pre-scan by the scan
controller 171, the processing of calculating displacement
by the calculator 172, and the processing of specifying the
time phase 70 and calculating a time phase difference by the
determiner 173 are performed, for example, in the first
heartbeat illustrated by the example in FIG. 4 or by the time
immediately after the second heartbeat starts.

[0065] In the second heartbeat, the determiner 173 deter-
mines the timing of a main scan for the subject P, based on
the specified time phase 70 and the electrocardiographic
signal in the second heartbeat of the subject P acquired by
the biological signal measuring device 4. More specifically,
the determiner 173 determines the timing of a main scan for
the subject P, based on the time phase difference calculated
in the first heartbeat and the time phase in which the
electrocardiographic signal acquired by the biological signal
measuring device 4 in the second heartbeat subsequent to the
pre-scan exhibits a change that is substantially identical to
the distinctive change. As used herein, the time phase
exhibiting a substantially identical change is equivalent to
the time phase exhibiting a change corresponding to the T
wave. We will now describe a case where the time phase
difference calculated in the first heartbeat is a time X. In this
case, the determiner 173 determines, as the timing for
performing a main scan, the timing when the time X has
passed since the T wave indicated by the electrocardio-
graphic waveform in the second heartbeat.

[0066] The scan controller 171 then controls the transmit-
ter 11 such that transmission of push pulse from the ultra-
sound probe 1 to the vicinity of a divided region 25a of the
ROI 25 illustrated in the example in FIG. 4 is started at the
timing determined by the determiner 173. In the second
heartbeat, the scan controller 171 also controls the transmit-
ter 11 such that tracking pulses are transmitted from the
ultrasound probe 1 to the divided region 25a immediately
after transmission of the push pulse is finished. A block 71a
illustrated in the example in FIG. 4 denotes a set of a push
pulse and tracking pulses in the second heartbeat. The width
of the block 71a indicates the transmission time for a push
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pulse and tracking pulses in the second heartbeat. In the
second heartbeat, the scan controller 171 controls the
receiver 12 so as to generate echo data of the divided region
25a to which tracking pulses are transmitted. The scan
controller 171 thus executes a main scan for generating echo
data of the divided region 25¢ by starting transmission of a
push pulse and tracking pulses at the timing when the time
has passed since the T wave, in the second heartbeat. That
is, the scan controller 171 executes a main scan in the time
phase in which the amount of change in displacement
indicating the pulsation of the heart in a predetermined
period is equal to or smaller than a predetermined threshold
in the second heartbeat. The main scan is thus executed at
the timing when the motion of the heart is small.

[0067] The determiner 173 then determines the timing
when the time X has passed since the T wave indicated by
the electrocardiographic waveform, as the timing for pet-
forming a main scan, in the same manner in the third to sixth
heartbeats. The scan controller 171 executes a main scan for
generating respective echo data of the divided regions 255 to
25¢ by starting transmission of a push pulse and tracking
pulses at the timing determined by the determiner 173, in the
same mannet, also in the third to sixth heartbeats. Blocks
7156 to Tle illustrated in the example in FIG. 4 indicate
respective sets of a push pulse and tracking pulses in the
third to sixth heartbeats, and the widths of the blocks 715 to
71e indicate the transmission time for a push pulse and
tracking pulses in the third to sixth heartbeats. That is, the
main scan includes transmission of a push pulse and trans-
mission and reception of tracking pulses.

[0068] Here, in the present embodiment, the echo data
obtained in the main scan in the second to sixth heartbeats
is data captured at the same timing, that is, data captured in
the same time phase. The echo data obtained in the main
scan in the second to sixth heartbeats is data captured at the
timing when there are few changes in displacement indicat-
ing the pulsation of the subject P, that is, data captured at the
timing when the motion caused by pulsation is stable.

[0069] When echo data is obtained in the main scan in the
second to sixth heartbeats, the scan controller 171 controls
the signal processor 13 so as to generate stiffness distribution
information of the divided region 254, based on the echo
data obtained in the main scan in the second heartbeat.
Similarly, the scan controller 171 controls the signal pro-
cessor 13 so as to generate respective stiffness distribution
information of the divided regions 255 to 25¢, based on the
respective echo data obtained in the main scan in the third
to sixth heartbeats.

[0070] The scan controller 171 then controls the image
generator 14 so as to generate stiffness image data based on
the stiffness distribution information of the divided region
25q. Similarly, the scan controller 171 controls the image
generator 14 so as to generate stiffness image data, based on
the respective stiffness distribution information of the
divided regions 250 to 25e.

[0071] The scan controller 171 then controls the image
generator 14 so as to synthesize the respective stiffness
image data of the divided regions 254 to 25e. Stiffness image
data representing a single stiffness image of the ROI 25 is
thus generated.

[0072] The scan controller 171 then allows the stiffness
image of the ROI 25 represented by the generated stiffness
image data to appear on the monitor 2.
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[0073] As described above, the ultrasonic diagnostic appa-
ratus according to the present embodiment generates respec-
tive stiffness distribution information of the divided regions
25a to 25e, based on the accurate echo data obtained at a
timing when the motion caused by pulsation is stable, in the
second to sixth heartbeats. The ultrasonic diagnostic appa-
ratus according to the present embodiment thus can accu-
rately obtain the physical quantity related to stiffness.
[0074] FIG. 5 is a flowchart for explaining an example of
stifflness 1mage generating process according to the first
embodiment. This stiffness image generating process is
performed when a start instruction to start a stiffness image
generation mode for generating a stiffness image is accepted
from the operator. The stiffness image generation mode is,
for example, a mode for generating a stiffness image. As
illustrated in FIG. 5, the scan controller 171 allows a
graphical user interface (GUI) for setting an ROI (ROI
setting GUI) to appear on the monitor 2 (step S101). The
monitor 2 then displays, for example, an ROT that specifies
a region for generating a stiffness image on the B mode
image through scanning by the ultrasound probe 1. The size
and the position of the ROI are preset, and the scan con-
troller 171 accepts an instruction to change the size and/or
the position of the ROI from the operator to change the size
and/or the position of the ROI in accordance with the
accepted instruction.

[0075] The can controller 171 then determines whether the
ROI is determined (step S102). For example, the scan
controller 171 determines whether the ROI is determined,
depending on whether an instruction to determine the ROT
is accepted from the operator. If the ROI is not determined
(No at step S102), the scan controller 171 performs the
determination at step S102 again.

[0076] On the other hand, if the ROI is determined (Yes at
step S102), the scan controller 171 divides the determined
ROI into a plurality of divided regions, calculates a trans-
mission position of a push pulse corresponding to each
divided region, and controls the transmitter 11 and the
receiver 12 so as to execute a pre-scan in a certain heartbeat
(the first heartbeat (also referred to as the start heartbeat))
indicated by the electrocardiographic waveform (step S103).
[0077] The calculator 172 then calculates displacement
indicating the pulsation of the heart of the subject P in the
first heartbeat, from the echo data obtained through the
pre-scan (step S104).

[0078] The determiner 173 then specifies a time phase in
which the amount of change in displacement indicating
pulsation of the heart in a predetermined period is equal to
or smaller than a predetermined threshold, based on the
calculated displacement in the first heartbeat (step S105).
[0079] The determiner 173 then calculates the time phase
difference between the specified time phase and the time
phase in which the electrocardiographic signal acquired
during the pre-scan exhibits a distinctive change (the time
phase exhibiting a change corresponding to the T wave)
(step S106).

[0080] The determiner 173 then determines whether any
unselected divided region (a divided region not selected at
step S108 described later) exists among a plurality of
divided regions (step S107).

[0081] Ifany unselected divided region exists (Yes at step
S107), the scan controller 171 selects one unselected divided
region (step S108). The determiner 173 then determines the
timing when the time X has passed since the T wave, as the
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timing for performing a main scan (step S109). The scan
controller 171 then executes a main scan in the divided
region selected at. step S109, at the timing of the main scan
determined by the determiner 173 (step S110). The process
then returns to step S107. For example, at step S110, the scan
controller 171 controls the transmitter 11 such that trans-
mission of a push pulse from the ultrasound probe 1 to the
vicinity of the selected divided region is started at the timing
when the time X has passed since the T wave indicated by
the electrocardiographic waveform. At step S110, the scan
controller 171 controls the transmitter 11 such that tracking
pulses are transmitted from the ultrasound probe 1 to the
divided region immediately after the transmission of a push
pulse is finished. At step S110, the scan controller 171
controls the receiver 12 so as to generate echo data of the
divided region to which tracking pulses are transmitted.
[0082] On the other hand, if no unselected divided region
exists (No at step S107), the scan controller 171 controls the
signal processor 13 so as to generate respective stiffness
distribution information of the divided regions, based on
respective echo data obtained in the main scan of the divided
regions, and thereafter controls the image generator 14 so as
to generate stiffhess image data based on respective stiffness
distribution information of the divided regions generated by
the signal processor 13 (step S111).

[0083] The scan con roller 171 then controls the image
generator 14 so as to synthesize respective stiffness image
data of the divided regions to generate stiffness image data
representing a single stiffness image of the ROI (step S112).
The scan controller 171 then allows the stiffness image
represented by the generated stiffness image data to appear
on the monitor (step S113). The stiffness image generating
process then ends. At step S113, the scan controller 171 may
allow the measured values (for example, stiffness, shear
wave speed, displacement) in the ROI of biological tissue of
the subject P appear on the monitor 2.

[0084] The ultrasonic diagnostic apparatus according to
the first embodiment has been described above. The ultra-
sonic diagnostic apparatus according to the first embodiment
can accurately obtain the physical quantity related to stiff-
ness as described above.

First Modification to First Embodiment

[0085] In the foregoing first embodiment, the calculator
172 calculates displacement and velocity as indicators
related to the motion of biological tissue in the ROI, only in
the heartbeat in which a pre-scan is performed. The present
invention, however, is not limited to this embodiment. For
example, the calculator 172 may calculate displacement and
velocity of biological tissue in a divided region, based on the
echo data of tracking pulses, also in a heartbeat in which a
main scan is performed. In this case, the scan controller 171
may execute a main scan again in a divided region in which
the displacement or velocity calculated in the main scan falls
outside a predetermined range. Such an embodiment will be
described as a first modification to the first embodiment.

[0086] FIG. 6 is a diagram for explaining an example of
the first modification to the first embodiment. As illustrated
in the example in FIG. 6, when the displacement of biologi-
cal tissue in a divided region 255 calculated by the calculator
172 falls outside a predetermined range in the third heart-
beat, the scan controller 171 executes a main scan again in
this divided region 256 in the fourth heartbeat. Such a main
scan executed again is also referred to as preliminary imag-
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ing. Here, the predetermined range is, for example, a range
equal to or greater than (a—f) and equal to or smaller than
(a+p) where  is the displacement in the same time phase
calculated by the calculator 172 in the pre-scan, and f} is a
predetermined value. Alternatively, the predetermined range
is a range in which the slope of the graph illustrating the
displacement is approximately zero.

[0087] This processing invalidates the physical quantity
related to stiffness of biological tissue in a divided region
that is obtained through a main scan when there is such a
large change in displacement of the pulsation of the heart of
the subject P that an indicator calculated falls outside
predetermined range. A stiffness image thus can be gener-
ated without using inaccurate physical quantity related to
stiffness. That is, poor accuracy of a stiffness image can be
eliminated or minimized.

[0088] If the displacement of biological tissue in a divided
region calculated by the calculator 172 falls outside a
predetermined range a predetermined number of times in
succession (for example, four times for four heartbeats), the
scan controller 171 allows a message to appear on the
monitor 2 to indicate that the calculated displacement of
biological tissue in a divided region falls outside a prede-
termined range a predetermined number of times in succes-
sion. In such a case, the scan controller 171 may control the
transmitter 11 and the receiver 12 so as to automatically
execute the preliminary imaging described above.

Second Modification to First Embodiment

[0089] In the first embodiment, a main scan is executed
once in one cycle of the electrocardiographic signal. How-
ever, a main scan may be executed multiple times (for
example, twice) in one cycle of the electrocardiographic
signal. This modification can reduce the time required for
the main scan as a whole.

Second Embodiment

[0090] The ultrasonic diagnostic apparatus according to a
second embodiment will now be described. The same com-
ponents as those in the first embodiment are denoted with the
same reference signs and a description thereof may be
omitted.

[0091] FIG. 7 is a block diagram illustrating a configura-
tion example of the ultrasonic diagnostic apparatus accord-
ing to the second embodiment. As illustrated in FIG. 7, the
ultrasonic diagnostic apparatus according to the second
embodiment differs from the ultrasonic diagnostic apparatus
according to the first embodiment in that the controller 17
includes a first scan controller 174, a measuring unit 175, a
second scan controller 176, and a corrector 177, in place of
the scan controller 171, the calculator 172, and the deter-
miner 173 according to the first embodiment illustrated in
FIG. 1. In the present embodiment, a pre-scan and a main
scan are performed in a systole. However, a pre-scan and a
main scan may be performed in a diastole.

[0092] The first scan controller 174 executes a pre-scan.
FIG. 6 and FIG. 9 are diagrams for explaining an example
of the processing performed by the ultrasonic diagnostic
apparatus according to the second embodiment.

[0093] As illustrated in the example in FIG. 8, in the first
heartbeat, the first scan controller 174 controls the transmit-
ter 11 such that tracking pulses are transmitted from the
ultrasound probe 1 at the same or almost the same timing as
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the timing from the R wave at which tracking pulses are
transmitted in the main scan. Here, in the main scan accord-
ing to the second embodiment, in the second heartbeat,
transmission of reference pulses, push pulses, and tracking
pulses for each divided region is repeated the number of
times corresponding to the number of divided regions. Such
transmission of those pulses for each divided region is
started at the timing of the R wave when the second
heartbeat starts illustrated in the example in FIG. 8, a set of
reference pulses, push pulses, and tracking pulses for each
divided region is denoted by a block 32. That is, as illus-
trated in the example in FIG. 8, in a main scan, the block 32
is repeated the number of times corresponding to the number
of divided regions. The width of one block 32 indicates the
transmission time for reference pulses, push pulses, and
tracking pulses for each divided region. A block 33 illus-
trated in the example in FIG. 8 represents all of the reference
pulses, the push pulses, and the tracking pulses in the main
scan that are equivalent to all of the blocks 32. The width of
the block 33 indicates the transmission time for all of the
reference pulses, the push pulses, and the tracking pulses in
the main scan.

[0094] The first scan controller 174 controls the transmit-
ter 11 such that tracking pulses are transmitted in the first
heartbeat at the timing when the transmission time for
reference pulses and push pulses in the main scan has passed
since the R wave at the start of this heartbeat. The first scan
controller 174 then controls the transmitter 11 such that
transmission of a second tracking pulse group is started at
the timing when the transmission time for reference pulses
and push pulses has passed since transmission of the first
tracking pulse group is completed. The first scan controller
174 performs transmission of the third and subsequent
tracking pulse groups in the same manner. That is, the first
scan controller 174 controls the transmitter 11 such that the
transmission of tracking pulses is performed the number of
times corresponding to the number of divided regions.
[0095] As illustrated in the example in FIG. 8, a block 31
represents tracking pulses transmitted for each divided
region after an interval corresponding to the transmission
time for reference pulses and push pulses in the main scan.
That is, as illustrated in the example in FIG. 8, in the
pre-scan, the block 31 is repeated the number of times
corresponding to the number of divided regions. In one
block 31, a tracking pulse is transmitted multiple times (a
plurality of tracking pulses) after an interval corresponding
to the transmission time for reference pulses and push pulses
from the start timing of the block 31. The width of one block
31 indicates the transmission time for reference pulses and
push pulses and the transmission time for tracking pulses in
a main scan for each divided region. That is, the time
indicated by the width of one block 31 is equal to the time
indicated by the width of one block 32. A block 30 illustrated
in the example in FIG. 8 represents all of the tracking pulses
in the pre-scan that are equivalent to all of the blocks 31. The
width of the block 30 indicates the total time of all the
intervals in the pre-scan and the transmission times for
tracking pulses in the pre-scan.

[0096] In the first heartbeat, the first scan controller 174
controls the receiver 12 so as to generate, for each divided
region to which tracking pulses are transmitted, echo data of
the divided region.

[0097] As described above, the first scan controller 174
executes a pre-scan for generating echo data by transmitting
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tracking pulses at the same timing as the timing when
tracking pulses are transmitted in the main scan, in the first
heartbeat. That is, the first scan controller 174 executes a
pre-scan for biological tissue of the subject P by transmitting
and receiving tracking pulses in a predetermined time phase
in a first cycle, which is a cycle of the biological signal
corresponding to the first heartbeat. As used herein, the
predetermined time phase corresponds to the timing when an
interval corresponding to the transmission time for reference
pulses and push pulses has passed since the start timing of
the block 31, in each of a plurality of blocks 31.

[0098] Next, the measuring unit 175 measures displace-
ment indicating the pulsation of the heart of the subject P for
each divided region, as a physical quantity related to motion
of biological tissue of the subject P, based on the echo data
obtained through the pre-scan in the first heartbeat.

[0099] For example, as illustrated in the example in FIG.
9, the measuring unit. 175 measures displacement 34 indi-
cating the pulsation of the heart of the subject P in the first
heartbeat, from ho data obtained through the pre-scan. For
example, the measuring unit 175 analyses the frequency of
the echo data to generate motion information (tissue Doppler
data) and time-integrates the velocity component of the
tissue Doppler data to measure the displacement 34 indicat-
ing the pulsation of the heart of the subject P in the first
heartbeat. The measuring unit 175 may measure up to the
velocity component of the tissue Doppler data, rather than
measuring up to the displacement. In the example in FIG. 9,
the displacement indicating pulsation of the heart is denoted
by a dashed line. This indicates a measurement result
supposing that tracking pulses are transmitted at the timing
denoted by the dashed line to measure the displacement.

[0100] The second scan controller 176 then executes a
main scan as described above, in the second heartbeat. For
example, as illustrated in the example in FIG. 8, the second
scan controller 176 controls the transmitter 11 such that the
transmission of reference pulses from the ultrasound probe
1 to a divided region is started at the timing of the R wave
when the second heartbeat starts. The second scan controller
176 also controls the receiver 12 so as to generate echo data
of the divided region to which reference pulses are trans-
mitted. The second scan controller 176 controls the trans-
mitter 11 such that push pulses are transmitted from the
ultrasound probe 1 to the vicinity of the divided region
immediately after the transmission of reference pulses is
finished. The second scan controller 176 controls the trans-
mitter 11 such that tracking pulses are transmitted from the
ultrasound probe 1 to the divided region immediately after
the transmission of push pulses is finished. The second scan
controller 17 controls the receiver 12 so as to generate echo
data of the divided region to which tracking pulses are
transmitted. The second scan controller 176 then repeatedly
performs the processing as described above the number of
times corresponding to the number of divided regions. As
described above, the second scan controller 176 executes a
main scan by transmitting reference pulses to generate echo
data of reference pulses in a divided region and transmitting
push pulses and tracking pulses to generate echo data of
tracking pulses in the divided region, in the second heart-
beat, the number of times corresponding to the number of
divided regions. That is, the second scan controller 176
executes a main scan for biological tissue of the subject P by
transmitting and receiving reference pulses transmitting
push pulses, and transmitting and receiving tracking pulses
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after the transmission of push pulses a time phase that is
substantially identical to the predetermined time phase, in a
second cycle, which is a cycle of the biological signal
corresponding to the second heartbeat. As used herein, the
second cycle is a cycle that is different from the foregoing
first cycle and later than the first cycle in time series.
Reception of a reference pulse refers to reception of the echo
of areference pulse. Transmission and reception of reference
pulses and transmission of push pulses may be performed in
the first cycle.

[0101] Next, the measuring unit 175 calculates, for each
divided region, displacement of biological tissue in the
divided region, serving as intermediate data, based on the
echo data of reference pulses obtained in the main scan in
the second heartbeat, and generates stiffness distribution
information based on the calculated displacement. The mea-
suring unit 175 calculates, for each divided region, displace-
ment of biological tissue in the divided region, serving as
intermediate data, based on the echo data of tracking pulses
obtained in the main scan in the second heartbeat, and
generates stiffness distribution information based on the
calculated displacement. The measuring unit 175 then sub-
tracts, for each divided region, the stiffness distribution
information generated based on the echo data of reference
pulses from the stiffness distribution information generated
based on the echo data of tracking pulses to generate new
stiffness distribution information. The second scan control-
ler 176 generates respective stiffness image data for all the
divided regions, based on the respective new stiffness dis-
tribution information. The second scan controller 176 then
synthesizes the respective stiffness image data of all the
divided regions to generate stiffness image data representing
a single stiffness image of the ROIL The second scan
controller 176 then allows the stiffness image of the ROI
represented by the generated stiffness image data to appear
on the monitor 2.

[0102] Here, the corrector 177 corrects, for each divided
region, the displacement of biological tissue in the divided
region, which is intermediate data used when the measuring
unit 175 generates stiffness distribution information based
on the echo data of tracking pulses obtained in the main scan
in the second heartbeat. For example, the displacement of
biological tissue in a divided region serving as intermediate
data is preferably the displacement of biological tissue
caused by a push pulse alone. However, a component of
pulsation (pulsation component) of the heart of the subject
P may be included in the displacement of biological tissue
in a divided region serving as intermediate data. The pul-
sation component is ten to a hundred times as large as
displacement. The corrector 177 according to the present
embodiment then eliminates this pulsation component from
the displacement of biological tissue in the divided region
serving as intermediate data, so that the displacement of
biological tissue in the divided region serving as interme-
diate data is corrected to the displacement of biological
tissue caused by a push pulse alone. Stiffness distribution
information thus can be obtained accurately.

[0103] For example, we will describe, in the example in
FIG. 9, correction of the displacement of biological tissue in
a divided region, which is intermediate data used when
stiffness distribution information is generated based on the
echo data of tracking pulses corresponding to the third block
32 in chronological order among a plurality of blocks 32.
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[0104] Here, a pulsation component, in the block 31
corresponding to the third block 32 in chronological order
(the third block 31 in chronological order among a plurality
of blocks 31) is denoted by d1. The pulsation component in
the third block 32 in chronological order is denoted by d2.
It is noted that dl is also displacement measured by the
measuring unit 175 based on the echo data of tracking pulses
corresponding to the third block 31 in chronological order,
and d2 is also displacement measured by the measuring unit
175 based on the echo data of reference pulses correspond-
ing to the third block 32 in chronological order. The maxi-
mum value of the pulsation component d1 in the third block
31 in chronological order is denoted by Max(dl). The
maximum value of the pulsation component d2 in the third
block 32 in chronological order is denoted by Max(d2). The
displacement measured by the measuring unit 175 based on
the echo data of tracking pulses corresponding to the third
block 32 in chronological order is denoted by d.

[0105] Here, d is the displacement including displacement
by a push pulse and a pulsation component, and dl is a
pulsation component not including displacement by a push
pulse. The corrector 177 then corrects the displacement d of
biological tissue in the divided region serving as interme-
diate data to displacement dp of biological tissue caused by
a push pulse alone, in accordance with Equation (1):

dp=d-M-d1 o)

[0106] where M =Max(d2)/Max(d1).

[0107] The corrector 177 thus corrects the result of trans-
mission and reception of tracking pulses in the main scan
with the result of transmission and reception of tracking
pulses in the pre-scan. Here, the result of transmission and
reception of tracking pulses in the pre-scan refers to, for
example, the displacement of biclogical tissue calculated
using the signal (echo signal) output from the ultrasound
probe 1 receiving the echoes of tracking pulses transmitted
to biological tissue of the subject P in the pre-scan. The
result of transmission and reception of tracking pulses in the
main scan refers to, for example, the displacement of
biological tissue calculated using the signal (echo signal)
output from the ultrasound probe 1 receiving the echoes of
tracking pulses transmitted to biological tissue of the subject
P in the main scan. The displacement of biological tissue is
an example of the physical quantity related to motion of
biological tissue.

[0108] Here, the measuring unit 175 generates stiffness
distribution information as the physical quantity related to
stiffness of biological tissue of the subject P, for each divided
region, based on the corrected displacement as described
above. That is, the measuring unit 175 generates stiffness
distribution information based on the correction result by the
corrector 177.

[0109] FIG. 10 is a flowchart for explaining an example of
the stiffness image generating process according to the
second embodiment. This stiffness image generating process
is performed when a start instruction to start a stiffness
image generation mode for generating a stiffness image is
accepted from the operator, in the same manner as in the first
embodiment. As illustrated in FIG. 10, the first scan con-
troller 174 allows an ROI setting GUI to appear on the
monitor 2, in the same manner as in step 2101 in the first
embodiment (step S201).

[0110] The first scan controller 174 then determines
whether the ROI is determined, in the same manner as in
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step 0102 in the first embodiment (step S202). If the ROT is
not determined (No at step 202), the first scan controller 174
performs the determination at step 3202 again.

[0111] On the other hand, if the ROI is determined (Yes at
step 3202), the first scan controller 174 divides the deter-
mined ROT into a plurality of divided regions, calculates the
transmission position of push pulses corresponding to each
divided region, and controls the transmitter 11 and the
receiver 12 so as to execute a pre-scan, for each block 31, for
generating echo data of a divided region by transmitting
tracking pulses at the timing when the transmission time for
reference pulses and push pulses has passed since the start
timing of the block 31, in a certain heartbeat (the first
heartbeat) indicated by the electrocardiographic waveform
(step S203).

[0112] The measuring unit 175 then measures the dis-
placement of biological tissue of the subject P, for each
divided region, based on the echo data obtained through the
pre-scan, in the first heartbeat (step S204).

[0113] The second scan controller 176 then determines
whether any unselected divided region (an unselected
divided region at step S206 described later) exists among a
plurality of divided regions (step S205).

[0114] If any unselected divided region exists (Yes at step
S205), the second scan controller 176 selects one unselected
divided region (step S206). The second scan controller 176
then executes a main scan in the divided region selected at
step S206, in the second heartbeat (step S207).

[0115] The measuring unit 175 then generates stiffness
distribution information for the divided region selected at
step S206, based on the echo data of reference pulses
obtained in the main scan in the second heartbeat (step
S208). The measuring unit 175 also measures the displace-
ment of biological tissue of the divided region selected at
step S206, based on the echo data of tracking pulses
obtained in the main scan in the second heartbeat (step
S209).

[0116] The corrector 177 then corrects the displacement of
biological tissue in the divided region to the displacement of
biological tissue caused by a push pulse alone (step S210).
The measuring unit 175 then generates stiffness distribution
information of the divided region selected at step 3206,
based on the corrected displacement (step S211).

[0117] The measuring unit 175 then subtracts the stiffness
distribution information generated at step 3206 from the
stiffness distribution information generated at step S211 to
generate new stiffness distribution information (step S212).
The process then returns to step S205.

[0118] On the other hand, if no unselected divided region
exists (No at step S205), the second scan controller 176
controls the image generator 14 so as to generate respective
stiffness image data of the divided regions, based on respec-
tive stiffness distribution information of the divided regions
(stiffhess distribution information generated at step S212)
(step S213).

[0119] The second scan controller 176 then controls the
image generator 14 so as to synthesize respective stiffness
image data of the divided regions to generate stiffness image
data representing a single stiffness image of the ROT (step
S214). The second scan controller 176 then allows the
stiffness image represented by the generated stiffness image
data to appear on the monitor 2 (step S215). The stiffness
image generating process then ends. At step 3215, the
second scan controller 176 may allow the measured values
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(for example, stiffness, shear wave speed, displacement) in
the ROI of biological tissue of the subject P to appear on the
monitor 2.

[0120] The ultrasonic diagnostic apparatus according to
the second embodiment has been described above. The
ultrasonic diagnostic apparatus according to the second
embodiment can accurately measure the physical quantity
related to stiffness as described above.

Modification to Second Embodiment

[0121] In the foregoing second embodiment, the second
scan controller 176 may execute a main scan again in the
divided region in which the displacement or velocity mea-
sured by the measuring unit 175 in a main scan falls outside
a predetermined range. Such an embodiment will be
described as a modification to the second embodiment.
[0122] For example, when the displacement, of biological
tissue measured by the measuring unit 175 falls outside a
predetermined range in one or more divided regions among
a plurality of divided regions in the second heartbeat, the
second scan controller 176 invalidates the main scan in all
of the divided regions in the second heartbeat and executes
a main scan again in all the divided regions in the third
heartbeat. The predetermined range is, for example, a range
equal to or greater than (a—f) and equal to or smaller than
(0+p) where a is the displacement in the same time phase
measured by the measuring unit 175 the pre-scan and fj is a
predetermined value. Alternatively, the predetermined range
is a range in which the slope of the graph indicating
displacement is almost zero. The same processing as in the
second heartbeat is performed in the third and subsequent
heartbeats.

[0123] This processing invalidates the physical quantity
related to stiffness of biological tissue in a divided region
obtained through a main scan when there is such a large
change in displacement of the pulsation of the heart of the
subject P that the physical quantity measured falls outside a
predetermined range. A stiffness image thus can be gener-
ated without using inaccurate physical quantity related to
stiffness. That is, poor accuracy of a stiffness image can be
eliminated or minimized.

[0124] When, a case that the displacement of biological
tissue measured by the measuring unit 175 falls outside a
predetermined range in one or more divided regions among
a plurality of divided regions occurs in succession in a
predetermined number of heartbeats (for example, four
heartbeats), the second scan controller 176 allows a message
to appear on the monitor 2 to indicate that the measured
displacement of biological tissue in the divided region falls
outside a predetermined range in a predetermined number of
heartbeats in succession. In such a case, the second scan
controller 176 may control the transmitter 11 and the
receiver 12 such that the preliminary imaging described
above is automatically executed again.

[0125] The ultrasonic diagnostic apparatus and the control
method according to at least one of the foregoing embodi-
ments can accurately obtain the physical quantity related to
stiffness.

[0126] 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
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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 ultrasonic diagnostic apparatus comprising:
calculation circuitry configured to calculate an indicator
related to motion of biological tissue in a subject, based
on echo data obtained through a pre-scan for the
subject;
acquisition circuitry configured to acquire a periodic
biological signal of the subject;
determination circuitry configured to specify at least one
time phase in one cycle of the biological signal
obtained during the pre-scan, based on the indicator,
and determine a timing of a main scan for the subject,
based on the specified time phase and the biological
signal acquired after the pre- scan; and
scan control circuitry configured to execute the main scan
at the timing determined by the determination circuitry.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the determination circuitry calculates a time
phase difference between the specified time phase and a time
phase in which the biological signal obtained during the
pre-scan exhibits a distinctive change, and determines a
timing of the main scan, based on the cal ted time phase
difference and a time phase in which the biological signal
obtained after the pre-scan exhibits a change that is sub-
stantially identical to the distinctive change.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein the main scan comprises transmission of a push
pulse and transmission and reception of a tracking pulse.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the pre-scan is a scan executed multiple times in
suiccession.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the main scan is a scan executed multiple times
in succession.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein the determination circuitry specifies a time phase
in which an amount of change of the indicator in a prede-
termined period falls within a predetermined threshold, and
determines a timing of the main scan, based on the specified
time phase and the biological signal acquired after the
pre-scan.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein
the determination circuitry determines a timing of the
main scan for each of a plurality of regions obtained by
dividing a region of interest of the subject, based on the
specified time phase and the biological signal acquired
after the pre-scan, and
the scan control circuitry executes the main scan for each
of the regions at a timing determined by the determi-
nation circuitry.
8. The ultrasonic diagnostic apparatus according to claim
7, wherein
the calculation circuitry further calculates the indicator for
the main scan executed in each of the regions, and
the scan control circuitry executes the main scan again in
a region in which the indicator calculated in the main
scan falls outside a predetermined range.
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9. The ultrasonic diagnostic apparatus according to claim
8, wherein when the indicator falls outside the predeter-
mined range a certain number of times in succession, the
scan control circuitry performs control to give notice that the
indicator falls outside the predetermined range the certain
number of times in succession.

10. An ultrasonic diagnostic apparatus comprising:

acquisition circuitry configured to acquire a periodic

biological signal of a subject;
first scan control circuitry configured to execute a pre-
scan for biological tissue of the subject, the pre-scan
comprising transmitting and receiving a tracking pulse
in a predetermined time phase in a first cycle of the
biological signal;
second scan control circuitry configured to execute a main
scan for biological tissue of the subject, the main scan
comprising transmitting a push pulse, and transmitting
and receiving a tracking pulse after transmission of the
push pulse in a time phase that is substantially identical
to the predetermined time phase in a second cycle that
is different from the first cycle of the biological signal,

correction circuitry configured to correct a result of trans-
mission and reception of a tracking pulse in the main
scan with a result of transmission and reception of a
tracking pulse in the pre-scan; and

measuring circuitry configured to generate a physical

quantity related to stiffness of biological tissue of the
subject, based on a result of correction by the correction
circuitry.

11. The ultrasonic diagnostic apparatus according to claim
10, wherein the result of transmission and reception of the
tracking pulse in the pre-scan is a physical quantity related
to motion of the biological tissue, the physical quantity
being calculated using a signal output from an ultrasound
probe receiving an echo of a tracking pulse transmitted by
the ultrasound probe to the biological tissue in the pre-scan,
and

the result of transmission and reception of the tracking

pulse in the main scan is a physical quantity related to
motion of the biological tissue, the physical quantity
being calculated using a signal output from the ultra-
sound probe receiving an echo of a tracking pulse
transmitted by the ultrasound probe to the biological
tissue in the main scan.

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

the first scan control circuitry executes the pre-scan in a

predetermined time phase in the first cycle, for each of
a plurality of regions obtained by dividing a region of
interest of the subject,

the second scan control circuitry executes the main scan

in the second cycle, for each of the regions, and

the correction circuitry corrects the result of transmission

and reception of the tracking pulse in the main scan
with the result of transmission and reception of the
tracking pulse in the pre-scan, in each of the regions.

13. The ultrasonic diagnostic apparatus according to
claim 10, wherein when, among the regions, there is one or
more regions in which the result of transmission and recep-
tion of a tracking pulse in the main scan falls outside a
predetermined range, the second scan control circuitry
executes the main scan again for the regions.

14. The ultrasonic diagnostic apparatus according to
claim 13, wherein when a case that the result of transmission
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and reception of the tracking pulse in the main scan falls
outside a predetermined range in one or more regions among
the regions occurs in succession a certain number of times,
the second scan control circuitry performs control to give
notice that the result of transmission and reception of the
tracking pulse in the main scan falls outside the predeter-
mined range the certain number of times in succession.
15. A control method comprising:
calculating an indicator related to motion of biological
tissue of a subject, based on echo data obtained through
a pre-scan for the subject;
specifying at least one time phase in one cycle of a
periodical biological signal of the subject acquired
during the pre-scan by an acquisition circuit for acquit-
ing the biological signal, based on the indicator, and
determining a timing of a main scan for the subject,
based on the specified time phase and the biological
signal acquired after the pre-scan; and
executing the main scan at the determined timing.

I I T T
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