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7) ABSTRACT

[Problem] To provide an ultrasonic apparatus that enables
one to find a factor that lowers reliability of a measurement
value relating to elasticity of biological tissue.

[Means for Solution] An ultrasonic diagnostic apparatus
comprises a control circuit executing: a measurement-value
calculating function 535 of calculating a measurement value
relating to elasticity of the biological tissue based on echo
signals from ultrasonic detecting pulses; an index-value
calculating function 536 of calculating an index value indi-
cating a degree of reliability for the measurement value for
each of a plurality of factors that deteriorate the reliability of
the measurement value based on the echo signals from the
ultrasonic detecting pulses; and a notifying function of
notifying a factor corresponding to at least one index value
for which the degree of reliability does not meet a required
standard.
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FIG. 5
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FIG. 6
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FIG. 7
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ULTRASONIC APPARATUS, AND PROGRAM
FOR CONTROLLING THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasonic appa-
ratus for detecting shear waves generated in biological tissue
by push pulses to calculate a measurement value relating to
elasticity of the biological tissue, and to a program for
controlling the same.

BACKGROUND

[0002] Among ultrasonic diagnostic apparatuses as an
example of an ultrasonic apparatus, an apparatus for mea-
suring elasticity of biological tissue is commonly known.
Techniques of calculating a value relating to elasticity of
biological tissue include one involving transmitting ultra-
sonic pulses having a high sound pressure, i.e., push pulses,
to the biological tissue from an ultrasonic probe. This
technique detects by ultrasonic detecting pulses a displace-
ment of the biological tissue caused by the push pulses in the
biological tissue. Based on the detection, a velocity of
propagation of the shear waves is then calculated as the
measurement value relating to elasticity of the biological
tissue. The ultrasonic diagnostic apparatus displays the
calculated measurement value as a numeric value or displays
an elasticity image according to the measurement value.
[0003] However, a measurement value that does not accu-
rately reflect elasticity of the biological tissue is sometimes
obtained. In spite of such a fact that a measurement value
with low reliability may be sometimes obtained, when only
such a measurement value or an elasticity image is just
displayed, a user cannot judge whether to accept the mea-
surement value or not. Accordingly, there have been an
ultrasonic diagnostic apparatus that, when a measurement
value with low reliability is obtained, suppresses display of
the measurement value or elasticity image, an ultrasonic
diagnostic apparatus that displays an index of reliability, and
the like (see Patent Document 1, for example).

PRIOR-ART REFERENCE

Patent Document

[0004] [Patent Document 1] Japanese Patent No. 6169707
[SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0005] When a user recognizes that a measurement value

with low reliability has been obtained, (s)he needs to per-
form the measurement again. However, there may be a
plurality of factors considered to lower reliability of the
measurement value. For example, such factors may include
the following ones: a region of interest for elasticity mea-
surement is a region containing liquid, such as a cyst or
blood, as a main component; motion of an ultrasonic probe
or body motion of a subject to be examined is too large to
detect a shear wave-induced displacement of biological
tissue; a region of interest is so deep that an SN ratio in echo
signals from ultrasonic detecting pulses is poor; and a region
of interest is too rigid to generate sufficient shear waves.

[0006] Since there are such a plurality of factors, in the
case that a measurement value with low reliability is
obtained, mere inhibition of display of such a measurement
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value or an elasticity image or mere display of an index of
reliability does not allow a user to find what factor causes
such low reliability. Therefore, the user has no idea what to
do for eliminating a factor that deteriorates reliability of the
measurement value. The user is thus required to repeat
measurement by trial and error, which sometimes results in
an elongated examination time.

Means for Solving the Problem

[0007] The invention, in one aspect, made for solving the
aforementioned problem is an ultrasonic apparatus compris-
ing: an ultrasonic probe for performing transmission of
ultrasonic push pulses to biological tissue in a subject to be
examined, and transmission of ultrasonic detecting pulses
for detecting shear waves generated by said push pulses in
said biological tissue; and a control circuit, wherein said
control circuit executes: a measurement-value calculating
function of calculating a measurement value relating to
elasticity of said biological tissue based on echo signals
from said ultrasonic detecting pulses; an index-value calcu-
lating function of calculating an index value indicating a
degree of reliability of said measurement value for each of
a plurality of factors that deteriorate the reliability of said
measurement value based on the echo signals from the
ultrasonic detecting pulses; and a notifying function of
notifying a factor corresponding to at least one index value
for which said degree of reliability does not meet a required
standard.

Effect of the Invention

[0008] According to the invention in the aspect described
above, a factor corresponding to an index value for which
the degree of reliability does not meet a required standard is
notified by said notifying function, so that a user of the
ultrasonic apparatus can find a factor that lowers reliability
of the measurement value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 A block diagram showing an exemplary
ultrasonic diagnostic apparatus in an embodiment.

[0010] FIG. 2 An exemplary functional block diagram of
a control circuit in the ultrasonic diagnostic apparatus in the
embodiment.

[0011] FIG. 3 A functional block diagram showing an
example of details of an elasticity processing function.
[0012] FIG. 4 A diagram showing an exemplary screen of
a display device.

[0013] FIG. 5 A flow chart showing exemplary processing
for displaying a bar in the ultrasonic diagnostic apparatus in
the embodiment.

[0014] FIG. 6 An enlarged view showing an exemplary
bar.
[0015] FIG. 7 An enlarged view showing the exemplary

bar displayed in a shorter state than the length shown in FIG.
6.

[0016] FIG. 8 A block diagram showing another exem-
plary ultrasonic diagnostic apparatus in an embodiment.
[0017] FIG. 9 A diagram showing another exemplary
screen of the display device.

[0018] FIG. 10 A functional block diagram showing
another example of details of the elasticity processing func-
tion.
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[0019] FIG. 11 A diagram showing another exemplary
screen of the display device.

[0020] FIG. 12 A functional block diagram showing
another example of details of the elasticity processing func-
tion.

MODES FOR CARRYING OUT THE
INVENTION

[0021] Now embodiments of the present invention will be
described. The following description will be made on an
ultrasonic diagnostic apparatus for displaying an ultrasonic
image of a subject to be examined for the purpose of
diagnosis, etc., as an example of the ultrasonic apparatus in
accordance with the present invention.

[0022] An ultrasonic diagnostic apparatus 1 shown in FIG.
1 comprises an ultrasonic probe 2, a transmission circuit 3,
a reception circuit 4, a control circuit 5, a display device 6,
an input device 7, and a storage circuit 8. The ultrasonic
diagnostic apparatus 1 has a configuration as a computer.
[0023] The ultrasonic probe 2 has ultrasonic transducers
(not shown) in which ultrasound is transmitted to biological
tissue in a subject to be examined, and echo signals there-
from are received. By the ultrasonic probe 2, ultrasonic
pulses (push pulses) for generating shear waves in the
biological tissue are transmitted. Moreover, by the ultrasonic
probe 2, ultrasonic detecting pulses for detecting the shear
waves generated by the push pulses in the biological tissue
are transmitted, and echo signals therefrom are received.
The ultrasonic probe 2 is an exemplary embodiment of the
ultrasonic probe in the present invention.

[0024] Moreover, by the ultrasonic probe 2, ultrasonic
B-mode imaging pulses for producing a B-mode image are
transmitted, and echo signals therefrom are received.
[0025] The transmission circuit 3 controls ultrasound
transmission by the ultrasonic probe 2. Specifically, the
transmission circuit 3 drives the ultrasonic probe 2 based on
control signals from the control circuit 5 to transmit the
aforementioned several kinds of ultrasonic pulses having
predetermined transmission parameters.

[0026] The reception circuit 4 performs signal processing,
such as phased-addition processing, on echo signals from
ultrasound transmitted to the subject from the ultrasonic
probe 2, reflected in the inside of the subject, and received
at the ultrasonic probe 2. The reception circuit 4 performs
signal processing based on a control signal from the control
circuit 5.

[0027] The transmission circuit 3 and reception circuit 4
may be constructed from hardware. However, instead of the
configuration comprising such transmission circuit 3 and
reception circuit 4 as hardware, the ultrasonic diagnostic
apparatus 1 may be configured to implement functions of the
transmission circuit 3 and reception circuit 4 by software.
That is, the apparatus 1 may be configured such that the
control circuit 5 loads programs stored in the storage circuit
8 and executes the aforementioned functions of the trans-
mission circuit 3 and reception circuit 4.

[0028] The control circuit 5 controls several sections in the
ultrasonic diagnostic apparatus to perform several kinds of
signal processing, image processing, and the like. The
control circuit 5 may include one or more processors, for
example. Optionally, the control circuit 5 may include a
central processor unit (CPU), one or more microprocessors,
graphic processor units (GPU), or any other electronic
components capable of processing input data following
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specific logic instructions. The control circuit 5 is capable of
loading a program stored in the storage circuit 8 to execute
its instructions. The storage circuit 8 here is a tangible
non-transitory computer-readable medium, which will be
discussed later.

[0029] FIG. 2 is an exemplary functional block diagram of
the control circuit 5. The control circuit 5 executes a B-mode
processing function 51, a B-mode image data creating
function 52, an elasticity processing function 53, an elas-
ticity image data creating function 54, and a display pro-
cessing function 55. The control circuit 5 loads programs
from the storage circuit 8, and executes these functions.
While the control circuit 5 is shown in FIG. 2 as a functional
block diagram, it may be configured as a complex of circuits
and/or software modules. The control circuit 5 may also be
implemented using any combination of a dedicated hard-
ware board, a DSP (Digital Signal Processor), one or more
processors, FPGAs (Field Programmable Gate Arrays),
ASICs (Application Specific Integrated Circuits), and/or a
tangible non-transitory computer-readable medium config-
ured to issue commands to one or more processors. The
control circuit 5 is an exemplary embodiment of the control
circuit in the present invention.

[0030] The B-mode processing function 51 is a function of
performing B-mode processing including logarithmic com-
pression processing, envelope detection processing, etc. on
echo data output from the reception circuit 4 to create
B-mode data.

[0031] The B-mode image data creating function 52 is a
function of scan-converting the B-mode data by a scan
converter to create B-mode image data.

[0032] The elasticity processing function 53 is a function
of performing signal processing of creating elasticity data
relating to elasticity of biological tissue. The elasticity
processing function 53 will be discussed later based on FIG.
3.

[0033] The elasticity image data creating function 54
scan-converts the elasticity data created by the elasticity
processing function 53 by a scan converter to create elas-
ticity image data, as will be discussed later. The elasticity
image data creating function 54 creates the elasticity image
data regarding a required region R (described below) defined
in a B-mode image.

[0034] The display processing function 55 combines the
B-mode image data and elasticity image data to produce
combined image data. The display processing function 55
also displays a combined image CI on the display device 6
based on the combined image data, as shown in FIG. 4. The
combined image CI is an image having a B-mode image BI
based on the B-mode image data and an elasticity image EI
based on the elasticity image data. The display processing
function 55 displays the elasticity image EI in the required
region R defined in the B-mode image BI. The elasticity
image EI is a semi-transparent color image through which
the B-mode image Bl in the background passes. The color
image is an image having colors depending upon the veloc-
ity of propagation or upon the elasticity value described
later, which image has colors depending upon the elasticity
of biological tissue.

[0035] The display processing function 55 moreover dis-
plays a bar BA along with the combined image CI side by
side on the display device 6. The bar BA has a required color.
The bar BA will be discussed later. The display processing
function 55 is an exemplary embodiment of the notifying
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function in the present invention. The bar BA is an exem-
plary embodiment of the figure in the present invention.

[0036] Detailed functional blocks of the elasticity process-
ing function 53 will now be described based on FIG. 3. As
shown in FIG. 3, the elasticity processing function 53
comprises an IQ-signal generating function 531, a signal-
intensity calculating function 532, a phase-shift detecting
function 533, a separation processing function 534, a mea-
surement-value calculating function 535, an index-value
calculating function 536, a representative-value calculating
function 537, and an index-value comparing function 538.

[0037] The IQ-signal generating function 531 is a function
of performing quadrature detection processing on echo data
(RF signals) output from the reception circuit 4 to generate
an IQ signal. The [Q signal is subjected to processing by the
signal-intensity detecting function 532 and phase-shift
detecting function 533. The 1Q-signal generating function
531 is an exemplary embodiment of the IQ signal generation
in the present invention.

[0038] The signal-intensity calculating function 532 is a
function of detecting signal intensity of echo signals from
ultrasonic detecting pulses. In the present embodiment, the
signal-intensity calculating function 532 calculates intensity
of the 1Q signal as the signal intensity of the echo signals.
Specifically, the signal-intensity calculating function 532
calculates a sum S according to the following equation:

S=(I72+072)(1/2) [Equation 1]

[0039] The sum S calculated by the signal-intensity cal-
culating function 532 is subjected to processing by the
index-value calculating function 536. The signal-intensity
calculating function 532 is an exemplary embodiment of the
signal-intensity calculating function in the present invention.

[0040] The phase-shift detecting function 533 is a function
of calculating a phase shift P in the echo signals by per-
forming processing similar to color Doppler processing.
Specifically, the phase-shift detecting function 533 performs
autocorrelation processing on the IQ signal input from the
1Q-signal generating function 531 to thereby detect a phase
shift P in the echo signals. The phase shift P detected by the
phase-shift detecting function 533 is subjected to processing
by the separation processing function 534. The phase-shift
detecting function 533 is an exemplary embodiment of the
phase-shift detecting function in the present invention.

[0041] The separation processing function 534 is a func-
tion of separating a signal representing the phase shift P
detected by the phase-shift detecting function 533 into a
signal component in each of a plurality of frequency bands.
The separation processing function 534 performs filter pro-
cessing, for example, to separate the 1Q signal into a signal
component L in a low-frequency band, which is a frequency
band lower than a frequency {1, a signal component M in a
medium-frequency band of the frequency f1 or higher and
lower than a frequency {2 (f2>f1), and a signal component
H in a high-frequency band of the frequency f2 or higher.
The signal component L in the low-frequency band, the
signal component M in the medium-frequency band, and the
signal component H in the high-frequency band obtained by
the separation processing function 534 are subjected to
processing by the index-value calculating function 536. The
signal component M in the medium-frequency band is also
subjected to processing by the measurement-value calculat-
ing function 535. The separation processing function 534 is
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an exemplary embodiment of the separation processing
function in the present invention.

[0042] The measurement-value calculating function 535 is
a function of calculating a measurement value V relating to
elasticity of biological tissue based on the signal component
M in the medium-frequency band obtained by the separation
processing function 534. The measurement-value calculat-
ing function 535 calculates the measurement value V by
detecting a temporal change of a displacement D of biologi-
cal tissue caused by shear waves based on the signal
component M in the medium-frequency band. The detection
of the temporal change of the displacement D means detec-
tion of shear waves. Therefore, it may be said that the
measurement-value calculating function 535 calculates the
measurement value V relating to elasticity of the biological
tissue based on the detected shear waves.

[0043] The measurement-value calculating function 535
calculates a velocity of propagation of shear waves accord-
ing to a commonly known technique, for example, as the
measurement value V. The velocity of propagation is
obtained on a portion-by-portion basis, which portion cor-
responds to each of a plurality of points in a region corre-
sponding to the required region R in the biological tissue,
i.e., to each of pixels in the elasticity image FI.

[0044] The calculation of a velocity of propagation of
shear waves will now be described in more detail. The
displacement D is detected in each of a plurality of acoustic
lines. The measurement-value calculating function 3535
arithmetically calculates a velocity of propagation of shear
waves in each of portions corresponding to a pixel based on
a phase difference in waveforms of temporal changes of
displacements D in two acoustic lines.

[0045] Data representing the velocity of propagation will
be referred to herein as elasticity data. The measurement-
value calculating function 535 may arithmetically calculate
an elasticity value (Young’s modulus (in Pa: pascal) of the
biological tissue based on the velocity of propagation. In this
case, the elasticity data may be data representing elasticity
values. The elasticity data is subjected to processing by the
elasticity image data creating function 54. The measure-
ment-value calculating function 535 is an exemplary
embodiment of the measurement-value calculating function
in the present invention.

[0046] The index-value calculating function 536 is a func-
tion of calculating an index value I indicating a degree of
reliability of the measurement value V for each of a plurality
of factors that deteriorate reliability of the measurement
value V. To calculate the index value I, the index-value
calculating function 536 uses signals obtained by processing
the echo signals from the ultrasonic detecting pulses. Spe-
cifically, the index-value calculating function 536 detects a
temporal change of a displacement D of the biological tissue
caused by shear waves based on the signal component M in
the medium-frequency band obtained by the separation
processing function 534. The index-value calculating func-
tion 536 calculates each of a plurality of the index values I
based on at least one of the temporal change of the displace-
ment D and the sum S obtained by the signal-intensity
calculating function 532. Details thereof will be discussed
later.

[0047] The index value I obtained by the index-value
calculating function 536 is subjected to processing by the
representative-value calculating function 537 and index-
value comparing function 538. The index-value calculating
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function 536 is an exemplary embodiment of the index-
value calculating function in the present invention.

[0048] The representative-value calculating function 537
is a function of calculating a representative value Ir of the
index values indicating the degree of reliability of the
measurement value V based on the plurality of index values
1. Details thereof will be discussed later. The representative
value Ir obtained by the representative-value calculating
function 537 is subjected to processing by the display
processing function 55. The representative-value calculating
function 537 is an exemplary embodiment of the represen-
tative-value calculating function in the present invention.

[0049] The index-value comparing function 538 is a func-
tion of comparing the plurality of index values I to identify
an index value I, that gives lowest reliability. The identified
index value I is subjected to processing by the display
processing function 55. The index comparing function 538
is an exemplary embodiment of the index-value comparing
function in the present invention.

[0050] Returning to FIG. 1, the display device 6 is an LCD
(Liquid Crystal Display), an organic EL (Electro-Lumines-
cence) display, or the like.

[0051] The input device 7 is a device for accepting an
input of a command, an input of information, and the like by
an operator. The input device 7 is configured to comprise
buttons, a keyboard, and the like for accepting the operator’s
inputs of a command and/or information, and to further
comprise a pointing device, such as a trackball, and/or the
like. Note that the buttons may include soft keys displayed
on the display device 6, as well as hard keys. The input
device 7 may also comprise a touch panel. In this case, the
buttons include soft keys displayed on the touch panel.

[0052] The storage circuit 8 may be a tangible non-
transitory or transitory computer-readable medium, includ-
ing flash memory, a hard disk, RAM, ROM, and/or
EEPROM. The storage circuit 8 may be used to store
acquired B-mode data, B-mode image data, and color image
data that are not scheduled to be instantly displayed, and
other text and figures to be displayed on the display device
6, as well as other data.

[0053] The storage circuit 8 may also be used to store
firmware or software corresponding, for example, to graphi-
cal user interface, one or more default image display set-
tings, and/or programmed commands (those for the control
circuit 5, for example).

[0054] Next, an operation of the ultrasonic diagnostic
apparatus 1 in the present embodiment will be described.
When the ultrasonic probe 2 has performed transmission/
reception for ultrasonic B-mode imaging pulses, the B-mode
processing function 51 creates B-mode data, and the
B-mode image data creating function 52 creates B-mode
image data. Moreover, when the ultrasonic probe 2 has
performed transmission of push pulses and transmission/
reception for ultrasonic detecting pulses, the measurement-
value calculating function 535 in the elasticity processing
function 53 calculates a measurement value V, and the
elasticity image data creating function 54 creates elasticity
image data.

[0055] Once the B-mode image data and elasticity image
data have been created, the display processing function 55
displays a combined image CI having a B-mode image BI
and an elasticity image EI on the display device 6, as shown
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in FIG. 4. The display processing function 55 also displays
a bar BA along with the combined image CI side by side on
the display device 6.

[0056] Display of the bar BA will now be described based
on the flow chart in FIG. 5. First, at Step 51, the index-value
calculating function 536 performs calculation of a plurality
of index values I each indicating a degree of reliability of the
measurement value V. In the present embodiment, the index-
value calculating function 536 calculates a first index value
11, a second index value 12, a third index value I3, and a
fourth index value 14 as the plurality of index values 1. The
index-value calculating function 536 calculates the first
index value 11 to fourth index value 14 for each of points in
every acoustic line corresponding to all pixels within the
required region R.

[0057] The first index value I1 is an index value corre-
sponding to one of factors that deteriorate reliability of the
measurement value V, where the factor is that the position of
the required region R defined in the B-mode image Bl is too
deep. To calculate the first index value I1, the index-value
calculating function 536 calculates, for example, a ratio Rsn
(SNR: Signal-to-Noise Ratio) between the sum S obtained
by the signal-intensity calculating function 532 and a noise
component. The noise component may be determined
beforehand and stored in the storage circuit 8. Note that the
smaller the ratio Rsn is, the lower the reliability of the
measurement value V is by the factor that the position of the
required region is too deep. The index-value calculating
function 536 calculates a value of the ratio Rsn normalized
into a range from 0 to 100% as the first index value I1. In
the present embodiment, the normalization is applied so that
a larger first index value I1 indicates higher reliability of the
measurement value.

[0058] The second index value 12 is an index value
corresponding to a factor of motion among factors that
deteriorate reliability of the measurement value V, where the
factor is that body motion of the subject occurs or the
ultrasonic probe 2 moves. The index-value calculating func-
tion 536 detects the second index value 12 based on a
temporal change of the displacement D of the biological
tissue caused by shear waves. More specifically, the tempo-
ral change of the displacement D is a temporal change of the
signal component M in the medium-frequency band
obtained from the separation processing function 534. The
index-value calculating function 536 calculates, for
example, a correlation coeflicient C indicating a degree of
similarity between waveforms each representing a temporal
change of the signal component M in the medium-frequency
band at a certain point in adjacent acoustic lines. Note that
the smaller the correlation coefficient C is, the lower the
reliability of the measurement value V is by the factor of
motion. The index-value calculating function 536 calculates
a value of the correlation coeflicient C normalized into a
range from 0 to 100% as the second index value 12. In the
present embodiment, the normalization is applied so that a
larger second index value 12 indicates higher reliability of
the measurement value.

[0059] The third index value I3 is an index value corre-
sponding to one of factors that deteriorate reliability of the
measurement value V, where the factor is that shear waves
with magnitude sufficient to cause a displacement of the
biological tissue are not generated. The index-value calcu-
lating function 536 detects the third index value I3 based on
a temporal change of the displacement D of the biological
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tissue caused by shear waves. More specifically, the tempo-
ral change of the displacement D is, again, a temporal
change of the signal component M in the medium-frequency
band. The index-value calculating function 536 identifies,
for example, an amplitude A in a waveform of the signal
component M in the medium-frequency band. Note that the
smaller the amplitude A is, the lower the reliability of the
measurement value V is by the factor that shear waves with
sufficient magnitude are not generated. The index-value
calculating function 536 calculates a value of the amplitude
A normalized into a range from 0 to 100% as the third index
value 13. In the present embodiment, the normalization is
applied so that a larger third index value I3 indicates higher
reliability of the measurement value.

[0060] The fourth index value 14 is an index value corre-
sponding to one of factors that deteriorate reliability of the
measurement value V, where the factor is that a liquid
component, such as blood flow or a cyst, exists in a path of
propagation of shear waves, for example. The index-value
calculating function 536 calculates, for example, a ratio Rp
of a power (energy) of the signal component H in the
high-frequency band to that of the signal component M in
the medium-frequency band. Note that the larger the ratio
Rp is, the lower the reliability of the measurement value V
is by the factor that a liquid component exists. The index-
value calculating function 536 calculates a value of the ratio
Rp normalized into a range from 0 to 100% as the fourth
index value 14. In the present embodiment, the normaliza-
tion is applied so that a larger fourth index value 14 indicates
higher reliability of the measurement value.

[0061] It should be noted that the calculation techniques
for the first index value I1 to fourth index value 14 are
exemplary, and they are not limited thereto.

[0062] Next, at Step S2, based on the first index value I1
to fourth index value 14 calculated for each of points in every
acoustic line, the representative-value calculating function
537 calculates a representative value Ir of the index values
in the required region R. For example, the representative-
value calculating function 537 first calculates a representa-
tive value Irp of the first index value I1 to fourth index value
14 for each of points in every acoustic line corresponding to
all pixels in the required region R. The representative-value
calculating function 537 may calculate the representative
value Irp for each point by multiplying the first index value
11 to fourth index value 14 obtained for each point with one
another. Alternatively, the representative-value calculating
function 537 may calculate an average of the first index
value I1 to fourth index value 14 as the representative value
Irp for each point.

[0063] Based on the representative value Irp for each
point, the representative-value calculating function 537 cal-
culates the representative value Ir of the index values in the
required region R. For example, the representative-value
calculating function 537 calculates for an average of the
representative value Irp for each point as the representative
value Ir.

[0064] Itshould be noted that the calculation technique for
the representative value Ir described here is exemplary, and
it is not limited thereto. For example, the representative-
value calculating function 537 calculates a representative
value I1r of the first index value I1, a representative value
127 of the second index value 12, a representative value 137
of the third index value I3, and a representative value 14r of
the fourth index value 14 at each of points in every acoustic
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line in the required region R by multiplicative calculation,
averaging calculation, or the like similarly to the above. The
representative-value calculating function 537 may then
apply averaging calculation to the four values including the
representative value I1r of the first index value 11 to the
representative value 147 of the fourth index value 14 to
calculate the representative value Ir of the index values in
the required region R.

[0065] Moreover, at Step S2, the index-value comparing
function 538 compares the first index value I1 to fourth
index value 14 with one another to identify an index value I,
that gives lowest reliability.

[0066] Next, at Step S3, the display processing function 55
determines a color of the bar BA to be displayed on the
display device 6. The display processing function 55 pet-
forms the determination of a color by deciding whether or
not the representative value Ir meets a required standard
stored in the storage circuit 8. In addition, in the case that the
representative value Ir does not meet the required standard,
the display processing function 55 determines a color
depending upon the factor corresponding to the index value
1, that gives lowest reliability.

[0067] The aforementioned determination of a color will
now be more specifically described. For example, the
required standard is that the representative value Ir is a
threshold TH or larger. In this case, the display processing
function 55 decides whether or not the representative value
Ir is the threshold TH or larger. In the case that the
representative value Ir is the threshold TH or larger, the
display processing function 55 determines a required color
COl1 as the color of the bar BA. In the case that the
representative value Ir is less than the threshold TH, on the
other hand, the display processing function 55 determines a
different color depending upon the factor corresponding to
the index value I, that gives lowest reliability as the color of
the bar BA. For example, in the case that the representative
value Ir is less than the threshold TH and the index value I,
that gives lowest reliability is the first index value I1, a color
CO2 is determined as the color of the bar BA. In the case that
the representative value Ir is less than the threshold TH and
the index value I, that gives lowest reliability is the second
index value 12, a color CO3 is determined as the color of the
bar BA. In the case that the representative value Ir is less
than the threshold TH and the index value I, that gives
lowest reliability is the third index value 13, a color CO4 is
determined as the color of the bar BA. In the case that the
representative value Ir is less than the threshold TH and the
index value I, that gives lowest reliability is the fourth index
value 14, a color COS is determined as the color of the bar
BA. The colors CO1 to CO5 are mutually different colors,
and are stored beforehand in the storage circuit 8. The colors
CO1 to CO5 may be defined by a user, or may be configured
to be changeable to a different color(s).

[0068] The threshold TH is stored in the storage circuit 8§,
and is set, for example, to a value considered to have
questionable reliability of the measurement value V to a
user. The threshold TH may be set beforehand, or may be
configured to be changeable by a user.

[0069] Next, at Step S4, the display processing function 55
displays the bar BA on the display device 6 as shown in FIG.
4. The bar BA indicates the representative value Ir of the
index values. The bar BA will now be described additionally
referring to FIGS. 6 and 7. In the present embodiment, the
bar BA is composed of rectangles SQ in a number depending
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upon the representative value Ir of the index values. More
specifically, the larger the representative value Ir is, the
larger the number of rectangles SQ composing the bar is
(FIG. 6); and the smaller the representative value Ir is, the
smaller the number of rectangles SQ composing the bar BA
is (FIG. 7). Therefore, the bar BA has a length depending
upon the representative value Ir. When a plurality of the
rectangles SQ are to be displayed, the plurality of rectangles
SQ are displayed in an arrangement in the vertical direction
of the display device 6.

[0070] The bar BA in the present embodiment shown in
the drawings has ten rectangles SQ at maximum with the
intention of displaying the magnitude of the representative
value Ir in ten levels. It should be noted that the number of
levels is not limited to ten. Moreover, the bar BA is not
limited to that composed of the rectangles SQ.

[0071] The bar BA has one of the colors CO1 to COS. In
other words, the rectangles SQ composing the bar BA have
the one of the colors CO1 to COS. In the drawings, the color
is represented by dots. By the bar BA having one of the
colors CO2 to CO5 being displayed, the user can find an
index value I, that gives lowest reliability of the first index
value 11 to fourth index value I4. This enables the user to
identify a factor that deteriorates reliability of the measure-
ment value V, and to find what to do to obtain a reliable
measurement value V.

[0072] Moreover, when the bar BA having the color CO1
is displayed, the user can find that the measurement value V
is a reliable value and the elasticity image EI is a reliable
image.

[0073] The bar BA may be updated each time an elasticity
image EI in one frame is obtained.

[0074] In the embodiment described above, the display
processing function 55 may display measures to eliminate
the factor corresponding to the index value I, that gives
lowest reliability by text or the like on the display device 6.
Moreover, in the case that the ultrasonic diagnostic appara-
tus 1 has a speaker 9 as shown in FIG. 8, the control circuit
5 may output the measures to eliminate the factor corre-
sponding to the index value I, that gives lowest reliability by
voice from the speaker 9. The measures to eliminate the
factor corresponding to the index value I, that gives lowest
reliability are stored beforehand in the storage circuit 8.
[0075] While the present invention has been described
with reference to the embodiments above, it will be easily
recognized that the present invention may be practiced with
several modifications without departing from the spirit and
scope thereof. For example, in the embodiments above, the
bar BA is merely an example of the figure indicating the
representative value Ir of the index values. The display
processing function 55 may be configured to display a figure
other than the bar BA to thereby indicate the representative
value Ir. In this case, again, the figure indicating the repre-
sentative value Ir is displayed in one of the colors CO1 to
COS5, for example.

[0076] Moreover, the present invention is not limited to a
configuration in which the representative value of the index
values is indicated by displaying a figure. For example, the
display processing function 55 may display text indicating
the representative value Ir on the display device. In this case,
again, the display processing function 55 displays the text in
one of the colors CO1 to COS5, for example, to notify a factor
corresponding to the index value I, that gives lowest reli-
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[0077] Furthermore, at least one of a figure and text
indicating the representative value Ir of the index values
may be displayed in a different display mode depending
upon the factor corresponding to the index value I that gives
lowest reliability, and the present invention is not limited to
a case in which the aforementioned figure and text are
displayed in different colors.

[0078] In addition, the present invention is not limited to
a case in which the factor corresponding to the index value
1, that gives lowest reliability is notified by displaying at
least one of a figure and text indicating the representative
value. For example, the display processing function 55 may
display text, a figure, or the like indicating the factor
corresponding to the index value [; that gives lowest reli-
ability on the display device 6.

[0079] Moreover, the factor corresponding to the index
value I, that gives lowest reliability may be notified by a
technique other than the figure and text. For example, the
control circuit 5 may be configured to output the factor
corresponding to the index value [, that gives lowest reli-
ability by sound, such as voice, from the speaker 9.
[0080] Furthermore, as shown in FIG. 9, the display
processing function 55 may display the bar BA indicating
the representative value Ir on the display device 6 along with
a first bar BA1 indicating the first index value I1, a second
bar BA2 indicating the second index value 12, a third bar
BA3 indicating the third index value 13, and a fourth bar
BA4 indicating the fourth index value I4. In this case, as
shown in FIG. 10, the first index value 11 to fourth index
value 14 calculated by the index-value calculating function
536 are also subjected to processing by the display process-
ing function 55, in addition to the representative-value
calculating function 537 and index-value comparing func-
tion 538.

[0081] Similarly to the bar BA, the first bar BA1 to fourth
bar BA4 have respective lengths depending upon the first
index value 11 to fourth index value 14. Therefore, by the
first bar BA1 to fourth bar BA4 being displayed, the user can
find whether or not the first index value 11 to fourth index
value 14 are the threshold TH described above or larger. This
enables the user to find one of factors corresponding to the
first index value I1 to fourth index value 14 that deteriorates
reliability of the measurement value V. In the present
embodiment, the act of displaying the first bar BA1 to fourth
bar BA4 is equivalent to the act of notifying a factor
corresponding to at least one index value for which the
degree of reliability of the measurement value V does not
meet a required standard.

[0082] The display processing function 55 may display the
first bar BA1 to fourth bar BA4 in the same color or in
different colors. Moreover, the display processing function
55 may switch the color of each of the first bar BA1 to fourth
bar BAd between a case in which the first index value I1 to
fourth index value 14 are the threshold TH described above
or larger and a case in which they are less than the threshold
TH.

[0083] Moreover, as shown in FIG. 11, the display pro-
cessing function 55 may display the first bar BA1 to fourth
bar BA4 without displaying the bar BA indicating the
representative value Ir. In this case, the elasticity processing
function 53 may have the representative-value calculating
function 537 and index-value comparing function 538 or
none of them as shown in FIG. 12. By the first bar BA1 to
fourth bar BA4 being thus displayed without the bar BA
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being displayed, the factor that deteriorates reliability of the
measurement value V can be known as described before.
[0084] Furthermore, the display processing function 55
may display by text a factor corresponding to each of all
index values that are less than the threshold TH described
above among the first index value I1 to fourth index value
14. In addition, the control circuit 5 may output by voice
from the speaker 9 the factor corresponding to each of all
index values that are less than the threshold TH described
above among the first index value 11 to fourth index value
14. In this case, when the representative value Ir is less than
the threshold TH, factors corresponding to all index values
that are less than the threshold TH may be displayed by text
or output by voice; or alternatively, the factors correspond-
ing to all index values that are less than the threshold TH
may be displayed by text or output by voice irrespective of
whether or not the representative value Ir is less than the
threshold.

[0085] Moreover, the embodiment in the preceding
description may be a method of controlling an ultrasonic
apparatus, said apparatus comprising:

[0086] an ultrasonic probe for performing transmission of
ultrasonic push pulses to biological tissue in a subject to be
examined, and transmission of ultrasonic detecting pulses
for detecting shear waves generated by said push pulses in
said biological tissue; and

[0087] a control circuit, wherein said method of control-
ling comprises:
[0088] calculating a measurement value relating to elas-

ticity of said biological tissue based on echo signals from
said ultrasonic detecting pulses;

[0089] calculating an index value indicating a degree of
reliability of said measurement value for each of a plurality
of factors that deteriorate the reliability of said measurement
value based on the echo signals from the ultrasonic detecting
pulses; and

[0090] notifying a factor corresponding to at least one
index value for which said degree of reliability does not
meet a required standard.

DESCRIPTION OF REFERENCE SYMBOLS

[0091] 1 Ultrasonic diagnostic apparatus

[0092] 2 Ultrasonic probe

[0093] 5 Control circuit

[0094] 6 Display device

[0095] 9 Speaker

[0096] 55 Display processing function

[0097] 531 IQ-signal generating function

[0098] 532 Signal-intensity calculating function
[0099] 533 Phase-shift detecting function

[0100] 534 Separation processing function

[0101] 535 Measurement-value calculating function
[0102] 536 Index-value calculating function

[0103] 537 Representative-value calculating function
[0104] 538 Index-value comparing function

1. An ultrasonic apparatus comprising:

an ultrasonic probe for performing transmission of ultra-
sonic push pulses to biological tissue in a subject to be
examined, and transmission of ultrasonic detecting
pulses for detecting shear waves generated by said push
pulses in said biological tissue; and
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a control circuit, wherein said control circuit executes:

a measurement-value calculating function of calculating a
measurement value relating to elasticity of said bio-
logical tissue based on echo signals from said ultra-
sonic detecting pulses;

an index-value calculating function of calculating an
index value indicating a degree of reliability of said
measurement value for each of a plurality of factors
that deteriorate the reliability of said measurement
value based on the echo signals from the ultrasonic
detecting pulses; and

a notifying function of notifying a factor corresponding to
at least one index value for which said degree of
reliability does not meet a required standard.

2. The ultrasonic apparatus as recited in claim 1, wherein:
said notifying function notifies a factor corresponding to
each of all index values for which said required standard is
not met.

3. The ultrasonic apparatus as recited in claim 1, wherein:
in a case that there are a plurality of index values that do not
meet said required standard, said notifying function notifies
a factor corresponding to an index value that gives lowest
reliability.

4. The ultrasonic apparatus as recited in claim 3, wherein:
said control circuit further executes an index-value compar-
ing function of comparing an index value calculated for each
of said plurality of factors with another, and identifying an
index value that gives lowest said reliability.

5. The ultrasonic apparatus as recited in claim 1, wherein:
said required standard is a threshold-based standard deter-
mined for said index values.

6. The ultrasonic apparatus as recited in claim 5, wherein:
said notifying function decides whether or not said degree of
reliability meets the required standard with reference to said
threshold to perform notification of said factor.

7. The ultrasonic apparatus as recited in claim 1, wherein:

said control circuit further executes a representative-value
calculating function of calculating, based on said plu-
rality of index values, a representative value of the
index values indicating the degrees of reliability of said
measurement value, and

in a case that said degree of reliability of said represen-
tative value does not meet the required standard, said
notifying function notifies a factor corresponding to at
least one index value for which said degree of reliabil-
ity does not meet the required standard.

8. The ultrasonic apparatus as recited in claim 1, wherein:
said index-value calculating function detects, based on the
echo signals from said ultrasonic detecting pulses, a tem-
poral change of a displacement of said biological tissue
caused by said shear waves, and calculates each of said
plurality of index values based on at least one of said
temporal change and signal intensity of said echo signals.

9. The ultrasonic apparatus as recited in claim 8, wherein:
said control circuit further executes:

an 1Q-signal generating function of generating IQ signals
based on said echo signals;

a phase-shift detecting function of detecting a phase shift
of said echo signals by applying autocorrelation pro-
cessing to said IQ signals; and

a separation processing function of separating signals
indicating said phase shift into a signal component in
each of a plurality of frequency bands, and
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said index-value calculating function uses at least one of
said signal components for the detection of a temporal
change of a displacement of said biological tissue.

10. The ultrasonic apparatus as recited in claim 8,
wherein: said control circuit further executes:

an 1Q-signal generating function of generating IQ signals

based on said echo signals; and

a signal-intensity calculating function of calculating sig-

nal intensity of said 1Q signals as signal intensity of
said echo signals.

11. The ultrasonic apparatus as recited in claim 1, further
comprising:

a display device, wherein

said notifying function is a function of notifying the factor

corresponding to said at least one index value by
displaying at least one of a figure and text on said
display device.

12. The ultrasonic apparatus as recited in claim 7, further
comprising:

a display device, wherein

said notifying function is a function of notifying the factor

corresponding to said at least one index value by
displaying at least one of a figure and text representing
said representative value on said display device, and is
a function of making said notification by displaying at
least one of said figure and said text in a different
display mode depending upon the factor corresponding
to said at least one index value.

13. The ultrasonic apparatus as recited in claim 11,
wherein: said notifying function displays at least one of said
figure and text in a different color depending upon the factor
corresponding to said at least one index value.

14. The ultrasonic apparatus as recited in claim 1, further
comprising:

a speaker, wherein

said notifying function is a function of notifying the factor

corresponding to said at least one index value by sound
from said speaker.

15. The ultrasonic apparatus as recited in claim 1,
wherein: said notifying function further notifies measures to
eliminate the factor corresponding to said at least one index
value.

Apr. 30,2020

16. The ultrasonic apparatus as recited in claim 1,
wherein: said measurement-value calculating function
detects said shear waves by detecting, based on the echo
signals from said ultrasonic detecting pulses, the temporal
change of the displacement of said biological tissue caused
by said shear waves, and calculates a measurement value
relating to elasticity of said biological tissue based on
detected said shear waves.

17. The ultrasonic apparatus as recited in claim 1, com-
prising:

a display device, wherein

said measurement-value calculating function calculates
said measurement values at a plurality of points in a
required region of said biological tissue,

said display device displays an elasticity image in said
required region created based on said measurement
values, and

said index-value calculating function calculates said
index value in said required region.

18. A program for controlling an ultrasonic apparatus, said

apparatus comprising:

an ultrasonic probe for performing transmission of ultra-
sonic push pulses to biological tissue in a subject to be
examined, and transmission of ultrasonic detecting
pulses for detecting shear waves generated by said push
pulses in said biological tissue; and

a control circuit, wherein said program for controlling the
ultrasonic apparatus causes said control circuit to
execute:

a measurement-value calculating function of calculating a
measurement value relating to elasticity of said bio-
logical tissue based on echo signals from said ultra-
sonic detecting pulses;

an index-value calculating function of calculating an
index value indicating a degree of reliability of said
measurement value for each of a plurality of factors
that deteriorate the reliability of said measurement
value based on the echo signals from the ultrasonic
detecting pulses; and

a notifying function of notifying a factor corresponding to
at least one index value for which said degree of
reliability does not meet a required standard.
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