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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD FOR DISPLAYING
ELASTICITY IMAGE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2012-261786 filed Nov. 30, 2012,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound diag-
nostic apparatus for displaying an elasticity image expressing
hardness or softness of a living tissue in a subject and a control
program of the same.

[0003] An ultrasound diagnostic apparatus for synthesizing
an elasticity image expressing hardness or softness of aliving
tissue in a subject and a B-mode image and displaying a
resultant image is disclosed in, for example, Japanese Unex-
amined Patent Application Publication No. 2007-282932. For
example, the elasticity image is generated as follows. First, a
physical quantity related to elasticity of a subject is calculated
on the basis of an echo signal obtained by transmitting an
ultrasound wave to the subject. On the basis of the calculated
physical quantity, an elasticity image made of a color accord-
ing to the elasticity is generated and displayed.

[0004] The physical quantity related to elasticity is, for
example, a strain. In Japanese Unexamined Patent Applica-
tion Publication No. 2008-126079, a method of estimating a
strainina sound ray direction of ultrasound wave is disclosed.

[0005] Inrecentyears, it may be desirable to evaluate a liver
disease by an ultrasound diagnostic apparatus capable of
displaying an elasticity image. Generation of an elasticity
image by using a strain in a liver which occurs due to pulsa-
tion of the heart and blood vessels may be examined. In this
case, since a strain caused by pulsation is used, a strain is not
always caused, and there is also a frame having no effective
strain information. To display a stable elasticity image, dis-
play of an elasticity image using data of an amount of a
plurality of frames within a period in which pulsation occurs
a plurality of times may be examined.

[0006] Also by elements other than pulsation such as
breathing and motion of a subject (body motion), the liver is
deformed and a strain occurs. However, the direction of the
strain is not constant as compared with the case of pulsation.
In the case of forming an image of a strain in the sound ray
direction, there is a case that an elasticity image in which
elasticity of a living tissue is accurately reflected cannot be
obtained. To eliminate the influence of breathing and a body
motion, it is desirable to conduct a test in a state where the
subject holds his/her breath and does not move.

[0007] However, to obtain data of an amount of a plurality
of frames in a period in which heartbeat occurs a plurality of
times, time of a certain degree is necessary. There is also a
case where it is difficult for the subject to hold his/her breath
and stay still during the time. There is, consequently, a case
that a cause of preventing acquisition of a physical amount in
which elasticity of a living tissue is reflected more accurately
such as breathing or body motion occurs while data of an
amount of a plurality of frames is obtained, and it is difficult
to acquire an elasticity image in which the elasticity of the
living tissue is reflected more accurately.

Jun. 5,2014

BRIEF DESCRIPTION OF THE INVENTION

[0008] An ultrasound diagnostic apparatus is provided. The
ultrasound diagnostic apparatus includes a physical quantity
data generating unit for generating physical quantity data by
calculating a physical quantity related to elasticity in each of
parts in a living tissue on the basis of an echo signal obtained
by transmission/reception of an ultrasound wave to/from the
living tissue, an elasticity image data generating unit for
generating elasticity image data having information indica-
tive of a display form corresponding to the physical quantity
calculated by the physical quantity data generating unit, and
a display unit displaying an elasticity image generated on the
basis of the elasticity image data and having a display form
corresponding to the physical quantity. An elasticity image
generated on the basis of physical quantity data of an amount
of a plurality of frames within predetermined time having a
length including a plurality of heartbeats is displayed in the
display unit.

[0009] The predetermined time denotes length of a degree
in which a plurality of heartbeats are included and length in
which it is assumed that a cause preventing acquisition of a
physical quantity in which elasticity of a living tissue is
reflected more accurately such as breathing or body motion
does not occur.

[0010] According to the systems and methods described
herein, an elasticity image generated on the basis of a group of
physical quantity data of an amount of a plurality of frames
within the predetermined time is displayed in the display unit,
so that an elasticity image in which elasticity of a living tissue
1s reflected more accurately can be displayed stably.

[0011] Further advantages will be apparent from the fol-
lowing description of exemplary embodiments as illustrated
in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1isablock diagram illustrating an example of
a schematic configuration of first embodiment of an ultra-
sound diagnostic apparatus.

[0013] FIG. 2isa block diagram illustrating the configura-
tion of a physical quantity data processing unit in the ultra-
sound diagnostic apparatus shown in FIG. 1.

[0014] FIG. 3isa block diagram illustrating the configura-
tion of a display control unit in the ultrasound diagnostic
apparatus shown in FIG. 1.

[0015] FIG. 4 is a diagram illustrating a display unit dis-
playing a synthesized ultrasound image obtained by synthe-
sizing a B-mode image and an elasticity image.

[0016] FIG. 5 is a diagram explaining cumulative addition
every predetermined time.

[0017] FIG. 6 is a diagram explaining addition of physical
quantity data in the predetermined time illustrated in FIG. 5.
[0018] FIG. 7 is a diagram explaining addition of physical
quantity data of corresponding pixels in frames.

[0019] FIG. 8 is a diagram explaining predetermined time
in which the cumulative addition completes.

[0020] FIG.9isanenlarged diagram of a graph displayed in
the display unit.

[0021] FIG. 10 is an enlarged diagram of another example
of a graph displayed in the display unit.

[0022] FIG. 11 is an enlarged diagram of another example
of a graph displayed in the display unit.

[0023] FIG. 12 is a diagram illustrating a state where a bar
is moved in the graph displayed in the display unit.
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[0024] FIG. 13 is a diagram illustrating an example of
movement of the bar in the graph displayed in the display unit.
[0025] FIG. 14 is a block diagram illustrating the configu-
ration of a physical quantity data processing unit in a modi-
fication of the first embodiment.

[0026] FIG. 15 is a block diagram illustrating the configu-
ration of a physical quantity data processing unit in a second
embodiment.

[0027] FIG. 16 is a diagram explaining averaging in the
second embodiment.

[0028] FIG. 17 is a block diagram illustrating another
example of the configuration of the physical quantity data
processing unit in the second embodiment.

[0029] FIG. 18 is a diagram explaining setting of a thresh-
old ofa strain every period ina first modification of the second
embodiment.

[0030] FIG. 19 is a graph illustrating changes with time in
the strain.

[0031] FIG. 20 is a graph illustrating changes with time in
the strain.

[0032] FIG. 21 is a diagram explaining averaging in a sec-
ond modification of the second embodiment.

[0033] FIG. 22 is a block diagram illustrating the configu-
ration of a physical quantity data processing unit in a third
embodiment.

[0034] FIG. 23 is a diagram explaining generation of maxi-
mum physical quantity data in the third embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Hereinafter, exemplary embodiments will be
described with reference to the drawings.

First Embodiment

[0036] First, a first embodiment will be described with
reference to FIGS. 1 to 13. An ultrasound diagnostic appara-
tus 1 illustrated in FIG. 1 has an ultrasound probe 2, a trans-
mission/reception beam former 3, a B-mode data generating
unit 4, a physical quantity data processing unit 5, a display
control unit 6, a display unit 7, an operation unit 8, a control
unit 9, and a storage unit 10.

[0037] The ultrasound probe 2 transmits an ultrasound
wave to a subject and receives its echo. The transmission/
reception beam former 3 supplies an electric signal for trans-
mitting an ultrasound wave from the ultrasound probe 2 under
a predetermined scan condition to the ultrasound probe 2 on
the basis of a control signal from the control unit 8. In such a
manner, a scan with the ultrasound wave by sound ray is
performed from the ultrasound probe 2. The transmission/
reception beam former 3 performs signal processes such as
phasing and adding process on the echo of the ultrasound
wave received by the ultrasound probe 2. The echo data
subjected to the signal process by the transmission/reception
beam former 3 is output to the B-mode data generating unit 4
and the physical quantity data generating unit 5.

[0038] The B-mode data generating unit 4 performs
B-mode processes such as a logarithmic compression process
and an envelope detection process on the echo data output
from the transmission/reception beam former 3 to generate
B-mode data. The B-mode data may be stored in the storage
unit 10.

[0039] The physical quantity data processing unit 5 has, as
illustrated in FIG. 2, a physical quantity data generating unit
51, a physical quantity average calculating unit 52, and a
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cumulative addition unit 53. The physical quantity data gen-
erating unit 51 calculates a physical quantity on elasticity of
each of parts in the subject and generates physical quantity
data on the basis of the echo data output from the transmis-
sion/reception beam former 3 (physical quantity calculating
function). For example, as described in Japanese Unexam-
ined Patent Application Publication No. 2008-126079, the
physical quantity data generating unit 51 sets correlation
windows for echo data which varies in time on the same sound
ray ina scan face, performs correlating operation between the
correlation windows to calculate the physical quantity on the
elasticity pixel by pixel, and generates physical quantity data
of one frame. Therefore, the physical quantity data of one
frame is obtained from echo data of two frames and an elas-
ticity image is generated as will be described later.

[0040] In the case where a region R of interest is set in a
B-modeimage as will be described later, the physical quantity
data generating unit 51 may calculate the physical quantity
using the inside of the region R of interest as an object.

[0041] Thephysical quantity data generating unit 51 calcu-
lates, as a physical quantity on the elasticity, a strain in the
sound ray direction of the ultrasound wave in the example.
That is, the physical quantity data is data of a strain. In the
example, astrain caused by deformation of'the liver due to the
pulsation of the heart and blood vessels as will be described
later is calculated.

[0042] The physical quantity average calculating unit 52
calculates an average value of strains by performing averag-
ing operation in one frame from the strains obtained by the
physical quantity data generating unit 51. In the case where
the strain in the region R of interest is calculated, the physical
quantity average calculating unit 52 calculates an average
value of the strain in the region R of interest in one frame.
[0043] The cumulative addition unit 53 generates physical
quantity data obtained by cumulatively adding physical quan-
tity data ofa plurality of frames. The details will be described
later.

[0044] The physical quantity data may be stored in the
storage unit 10.
[0045] To the display control unit 6, B-mode data from the

B-mode data generating unit 4 and physical quantity data
from the physical quantity data generating unit 5 is supplied.
The display control unit 6 has, as illustrated in FIG. 3, a
B-mode image data generating unit 61, an elasticity image
data generating unit 62, a graph generating unit 63, and an
image display control unit 64.

[0046] TheB-modeimage data generating unit 61 performs
scan conversion on the B-mode data by a scan converter to
convert the data to B-mode image data having information
expressing brightness according to signal intensity of an
echo. The B-mode image data has information expressing, for
example, brightness in 256 gray levels.

[0047] The elasticity image data generating unit 62 con-
verts the physical quantity data to information expressing
colors and performs a scan conversion by a scan converter to
generate color elasticity image data having information
expressinga color according to a strain (color elasticity image
data generating function). The elasticity image data generat-
ing unit 62 converts the physical quantity data to gray level
data, thereby generating color elasticity image data as infor-
mation expressing a color assigned to the gray level. The
information expressing a display mode is information
expressing colors in the first embodiment.
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[0048] The graph generating unit 63 generates a graph G to
be displayed in the display unit 7 as will be described later.
[0049] The image display control unit 64 synthesizes the
B-mode image data and the color elasticity image data to
generate image data of a synthetic ultrasound image to be
displayed in the display unit 7. As illustrated in FIG. 4, the
image display control unit 64 displays the image data as a
synthetized ultrasound image Ul obtained by synthesizing a
B-mode image BI and an elasticity image EI in the display
unit 7 (image display control function). The elasticity image
El is displayed in the region R of interest which is set in the
B-mode image BIL

[0050] The B-mode image data and the color elasticity
image data may be stored in the storage unit 10. The image
data of the synthetic ultrasound image may be stored in the
storage unit 10.

[0051] Theimage display control unit 66 displays the graph
G generated by the graph generating unit 63 together with the
synthetic ultrasound image Ul in the display unit 7. In FIG. 4,
the graph G is displayed below the synthetic ultrasound image
UI. The display position of the graph G is not limited to the
position illustrated in FIG. 4.

[0052] The display unit 7 includes, for example, an LCD
(Liquid Crystal Display), a CRT (Cathode Ray Tube), or the
like.

[0053] The operation unit 8 includes a keyboard and a
pointing device (not illustrated) used by the operator to enter
an instruction and information.

[0054] The control unit 9 includes a CPU (Central Process-
ing Unit). The control unit 9 reads a control program stored in
the storage unit 10 and executes the functions in the units in
the ultrasound diagnostic apparatus 1 such as the physical
quantity calculating function, the color elasticity image data
generating function, and the image display control function.
[0055] The storage unit 10 is, for example, a semiconductor
memory such as an HDD (Hard Disk Drive), a RAM (Ran-
dom Access Memory), or a ROM (Read Only Memory).
[0056] The action of the ultrasound diagnostic apparatus 1
of the first embodiment will be described. The transmission/
reception beam former 3 transmits an ultrasound wave from
the ultrasound probe 2 to a living tissue of the subject. In the
first embodiment, an ultrasound wave is transmitted to the
liver of the subject by the ultrasound probe 2.

[0057] The transmission/reception beam former 3 may
alternately transmit an ultrasound wave for generating a
B-mode image and an ultrasound wave for generating an
elasticity image. An echo signal of the ultrasound wave trans-
mitted from the ultrasound probe 2 is received by the ultra-
sound probe 2.

[0058] The liver is repeatedly deformed by the pulsation of
the heart and blood vessels. On the basis of an echo signal
obtained from the liver which is repeatedly deformed, a syn-
thetic ultrasound image obtained by using the deformation as
a strain is generated. Specifically, when the echo signal is
obtained, the B-mode data generating unit 4 generates
B-mode data, and the physical quantity data generating umit
51 calculates a strain and generates physical quantity data.
Further, the B-mode image data generating unit 61 generates
B-mode image data on the basis of the B-mode data, and the
elasticity image data generating unit 62 generates color elas-
ticity image data on the basis of the physical quantity data. As
illustrated in FIG. 4, the image display control unit 64 dis-
plays the synthetic ultrasound image UI obtained by synthe-
tizing the B-mode image Bl based on the B-mode image data
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and the elasticity image EI based on the color elasticity image
data in the display unit 7. The elasticity image EI is displayed
in the region R (indicated by dots).

[0059] Inthe first embodiment, on the basis of the physical
quantity data obtained by cumulatively adding the physical
quantity data by the cumulative addition unit 53, the color
elasticity image data is generated. Hereinafter, the physical
quantity data obtained by the cumulative addition will be
called added physical quantity data.

[0060] Generation of the added physical quantity data will
be described. The cumulative addition unit 53 performs
cumulative addition which completes every predetermined
time T, that is, cuamulative addition in which the cumulative
addition value is reset every predetermined time T. For
example, as illustrated in FIG. 5, a period from time tAl to
time tAn is set as a period A, and a period from time tB1 to
time tBn is set as a period B. Each of the period from the time
tAl to the time tAn and the period from the time tB1 to the
time tBn is the predetermined time T. The cumulative addition
completes in the physical quantity data of a plurality of
frames in each of the periods A and B.

[0061] Specifically, as illustrated in FIG. 6, the cumulative
addition unit 53 adds physical quantity data SDA1 at time tAl
to physical quantity data SDA2 attime tA2 following the time
tA1 to obtain added physical quantity data SDA1 .. At the
time tA2, the elasticity image El generated on the basis of the
added physical quantity data SDAL1 ., is displayed. At the
time tA1, the elasticity image El generated on the basis of the
physical quantity data SDA1 at the time tA1 is displayed.
[0062] Next, thecumulative addition unit 53 adds the added
physical quantity data SDAL,,,, to physical quantity data
SDA3 at time tA3 to obtain added physical quantity data
SDA2 , . At the time tA3, the elasticity image EI generated
on the basis of the added physical quantity data SDA2 ,,, is
displayed. Attime after the time tA3, the cumulative addition
unit 53 similarly generates added physical quantity data. At
time tAn, the cumulative addition unit 53 adds added physical
quantity data SDA(n-2) , ,,,, obtained at time tA(n-1) to physi-
cal quantity data SDAn at the time tAn to obtain added physi-
cal quantity data SDA(n-1) ,,,,. In such a manner, the cumu-
lative addition unit 53 adds added physical quantity data
obtained in an immediately preceding frame to physical
quantity data in a present frame (at latest time) until time tAn
to generate new added physical quantity data.

[0063] With respect to a B-mode image, an image based on
B-mode data BD of each frame is displayed and updated
frame by frame.

[0064] When the period B starts at time tB1, the cumulative
addition unit 53 newly starts cumulative addition. That is, it
does not add the added physical quantity data SDA(n-1),
obtained at the time tAn to the physical quantity data SDB1 at
the time tB1. Atthe time tB1, the elasticity image Fl based on
the physical quantity data SDB1 is displayed. After the frame
(not illustrated in FIG. 6) at time tB2 following the time tB1,
the cumulative addition unit 53 adds the added physical quan-
tity data obtained just before to the physical quantity data of
the present frame to obtain new added physical quantity data.
[0065] Addition of physical quantity data denotes addition
of physical quantity data SDp of corresponding pixels in
frames FL at different times. Since the physical quantity data
is raw data prior to conversion to image data, “physical quan-
tity data according to corresponding pixels” in the above
description denotes physical quantity data corresponding to
corresponding pixels.
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[0066] The predetermined time T denotes length including
aplurality of heartbeats and is set to a degree that it is assumed
a cause (hereinbelow, called “error cause”) by which a physi-
cal quantity in which elasticity of a living tissue is reflected
more accurately cannot be obtained such as breathing or body
motion does not occur. For example, the predetermined time
T is set to time corresponding to two or three heartbeats as the
number of heartbeats. It is considered that, in two or three
heartbeats, a period in which the error cause does not occur
canbe assured. The error cause is a motion of the subject other
than pulsation such as breathing, a body motion, or the like.
The predetermined time T may be set as a default in the
storage unit 10 or the operator may set the predetermined time
T by using the operation unit 8.

[0067] Specific description will be given with reference to
FIG. 8. In FIG. 8, each of periods A, B, C, D, E, F, G, and H
has the predetermined time T. It is assumed that an error cause
occurs at positions of arrows. While the error cause occurs in
the periods B, D, and G, no etror cause occurs in the periods
A, C,E, F, and H. Therefore, since no error cause occurs in the
periods A, C, E, F, and H, an elasticity image in which elas-
ticity of a living tissue is reflected more accurately can be
obtained. Since a strain of the amount of two or three heart-
beats is added, also in the period in which no heartbeat occurs,
an elasticity image to which a strain caused by the heartbeats
until then is added is obtained, and an elasticity image can be
displayed stably.

[0068] As illustrated in FIG. 4, the image display control
unit 64 displays the graph G in the display unit 7. The graph
generating unit 63 generates the graph G. The graph G is a
graph showing changes with time of a cumulative addition
value of average values of strains. The horizontal axis denotes
time, and the vertical axis denotes a cumulative addition value
of average values of strains. As illustrated in an enlarged view
of FIG. 9, a part of the graph G which drops vertically after a
rise (increase in the cumulative addition value) is a part when
the cumulative addition completes and the cumulative addi-
tionvalueis reset. Therefore, in the graph G, aperiod from the
part the graph G vertically drops to a part the graph G verti-
cally drops next expresses the predetermined time T.

[0069] An average value of strains denotes an average value
of strains in the region R of interest in frames at different
times. The average value of strains is calculated by the physi-
cal quantity average calculating unit 52.

[0070] Inthe graph G, reference characters Badenotes a bar
indicative of a frame (time) of the ultrasound image UI which
is presently displayed. For example, in the case where the
ultrasound image Ul is displayed in a real-time manner, the
bar Ba is displayed at the right end of the graph G.

[0071] Asillustrated in F1G. 10, the graph G may be a graph
expressing changes with time in the average value of strains
of frames. In this case, the vertical axis denotes an average
value of strains of frames. An indicator In indicative of the
predetermined time T is displayed on the time axis of the
graph G. The period between the indicators In adjacent to
each other denotes the predetermined time T. The time axis
itself is not displayed.

[0072] In the case of displaying the graph G of average
values of strains by frames, as illustrated in FIG. 11, a square
wave SW expressing the predetermined time T may be dis-
played in the graph G of the average values of the strains. In
this case, in the interval between the square waves SW, the
waveform of the average value of strains is not displayed.
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[0073] In the case where the ultrasound image Ul is not a
real-time image but is an image based on data stored in the
storage unit 10, as illustrated in FIG. 12, when the operator
moves the bar Ba with the operation unit 8, the image display
control unit 64 displays an image of a frame corresponding to
the position of the bar Ba. For example, in the case where the
bar Ba is in the position of the final frame in the period, an
elasticity image based on added physical quantity data
obtained by adding physical quantity data in all of frames in
the period is displayed.

[0074] Since an image of an arbitrary frame can be dis-
played as described above, the operator sees the graph, can
move the bar Bato a period in which no error cause occurs and
the liver is properly deformed, makes an elasticity image
displayed, and performs diagnosis. For example, as illus-
trated in FIG. 13, in a period A in the left part of the graph G,
the graph G linearly increases with lapse of time. In a period
B whichis in the center of the graph G, the rise becomes slow.
Therefore, it is considered that an echo signal capturing a
deformation cannot be obtained in the period B as compared
with the period A, so that the bar Ba is moved to the period A.
[0075] A modification of the first embodiment will be
described. In the modification, the graph generating unit 63
generates a graph G indicating changes with time of a cumu-
lative addition value of a quality value Q showing the degree
of accurate reflection of elasticity of a living tissue in the
elasticity image, and the image display control unit 64 dis-
plays the graph G in the display unit 7. The graph G is similar
to that in FIG. 9.

[0076] In the modification, as illustrated in FIG. 14, the
physical quantity data processing unit 5 has a quality value
calculating unit 54 in place of the physical quantity average
calculating unit 52. The quality value calculating unit 54
calculates the quality value Q.

[0077] Calculation of the quality value Q by the quality
value calculating unit 54 will be described. The quality value
calculating unit 54 calculates an average value in the region R
of interest of correlation coefficients in correlation operation
by the physical quantity data generating unit 51. An average
value of the correlation coefficients is the quality value Q.
[0078] In the modification, the graph generating unit 63
may gererate, not the graph G of changes with time in the
cumulative addition value of the quality value Q, but a graph
G of changes with time in the quality value Q, and the graph
G may be displayed in the display unit 7. The graph G is
similar to those of FIGS. 10 and 11.

Second Embodiment

[0079] A second embodiment will now be described.
Description of the same articles as those of the first embodi-
ment will not be repeated.

[0080] In the second embodiment, the physical quantity
data processing unit 5 has, as illustrated in FIG. 15, the
physical quantity data generating unit 51, the physical quan-
tity average calculating unit 52, and an adding and averaging
unit 55.

[0081] Inthe second embodiment, based on physical quan-
tity data obtained by averaging physical quantity data by the
adding and averaging unit 55, the color elasticity image data
is generated, and the elasticity image EI is displayed. Here-
inafter, the physical quantity data obtained by the averaging
will be called average physical quantity data.

[0082] Generation of the average physical quantity data
will be described. The adding and averaging unit 55 averages
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the physical quantity data SD of all of frames within the
predetermined time T to generate average physical quantity
data SD ;. The predetermined time T is time having length
similar to that in the first embodiment.

[0083] For example, as illustrated in FIG. 16, the adding
and averaging unit 55 averages physical quantity data SDA of
all of frames within a period A having length of the predeter-
mined time T to generate average physical quantity data
SDA ;. In the display unit 7, the elasticity image EI based on
color elasticity image data generated on the basis of the aver-
age physical quantity data SDA ,,-is displayed. The elasticity
image EI based on the average physical quantity data SDA ;-
is displayed until the elasticity image EI based on average
physical quantity data SDB ,;-obtained by averaging physical
quantity data SDB in frames in the period B subsequent to the
period A is displayed. Therefore, the elasticity image is
updated every predetermined time T.

[0084] With respect to a B-mode image, an image based on
the B-mode data BD in each frame is displayed and updated
frame by frame.

[0085] The adding and averaging unit 55 may multiply the
physical quantity data of each frame with a weight coefficient
to perform arithmetic operation of averaging.

[0086] Also inthe second embodiment, in a manner similar
to the first embodiment, the graph G (refer to FI1G. 9) indicat-
ing changes with time of a cumulative addition value of
average values of strains and the graph G (refer to FIGS. 10
and 11) indicating changes with time of average values of
strains in different frames are displayed in the display unit 7.
[0087] The graph G indicating changes with time of the
cumulative addition value of the quality value Q and the graph
G of changes with time of the quality value Q may be also
displayed in the display unit 7. In this case, as illustrated in
FIG. 17, the physical quantity data processing unit 5 has the
quality value calculating unit 54 in place of the physical
quantity average calculating unit 52.

[0088] Also by the second embodiment described above, in
amanner similar to the first embodiment, an elasticity image
based on data (average physical quantity data) in a period in
which no error cause occurs can be displayed, so that an
elasticity image in which elasticity of a living tissue is
reflected more accurately can be obtained. Since an elasticity
image based on average physical quantity data obtained by
averaging physical quantity data in a period of two or three
heartbeats is displayed, even if there is a period where no
heartbeat occurs, an elasticity image can be displayed stably.
[0089] Next, modifications of the second embodiment will
be described. First, a first modification will be described. In
the first modification, only physical quantity data of a frame
having an average value of a strain which is equal to or larger
than a predetermined threshold S, is subject to averaging of
the adding and averaging unit 55.

[0090] The adding and averaging unit 55 sets the threshold
Sy of the strain every period having the length of the prede-
termined time T. For example, the threshold S, of the strain
is set, using a maximum value S, ;- of a strain within each
period as a reference, to a value smaller than the maximum
value S,,,+. The maximum value S,,, of a strain is the
maximum value of average values of strains in frames within
the predetermined time T.

[0091] Concretely, the adding and averaging unit 55 adds
the threshold S, of a strain by the following Equation 1.

Srer=nxSiax Equation 1

[0092] where n<1.
[0093] For example, FIG. 18 illustrates a graph “g” indi-
cating changes with time of an average value of strains in
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frames. In the case where the strain at time t1 has a maximum
value Sa,,,in a period A in the graph “g”, a threshold Sa,;
of strains in the period A is set to a value smaller than the
maximum value Sa,,,, as a reference. Specifically, the
threshold Sa,,, is calculated by the following Equation 2
obtained by substituting “Sa;,” to “S_,” in Equation 1 and

substituting “Sa, ., 10 “S,,45"-

Sar=nxSapx Equation 2

[0094] In the case where the strain at time t2 has a maxi-
mum value Sb, ., - in the period B, a threshold Sb, of strains
in the period B is set to a value smaller than the maximum
value Sb, ., -as areference. Specifically, the threshold Sb, s
calculated by the following Equation 3 obtained by substitut-
ing “Sh”" to “S;,” in Equation 1 and substituting “Sb,,, "
10 “Spuy-

Sy =1xSbygax Equation 3

[0095] Since Sa,,,>Sh,,,«Is satisfied, the threshold Sa -,
of the strains in the period A becomes larger than the thresh-
0ld Sb; of the strains in the period B. As described above, the
different thresholds of strains are set according to the maxi-
mum value S,,, in each period and the average physical
quantity data is generated, so that proper average physical
quantity data can be generated according to a strain obtained
in each period. For example, in the case where the peak values
of strains vary as illustrated in FIG. 19 in changes with time of
strains, a threshold is set using the maximum peak value, and
average physical quantity data can be generated without using
data of a small peak value whose reliability is low. On the
other hand, in the case where peak values of strains are stable
as illustrated in FIG. 20 in changes with time of strains, the
threshold according to the peak value is set. Even in the case
where strains are small in an entire period, the average physi-
cal quantity data can be generated.

[0096] In the first modification of the second embodiment,
at the time of setting a threshold for each period, a threshold
Qzrof the quality value may be used in place of the threshold
S 0f the strain. The threshold Q. of the quality value is set
to a value smaller than the maximum value as a reference of
the quality values Q in frames in each period.

[0097] Added physical quantity data may be generated, by
the cumulative addition unit 53 illustrated in FIG. 2, by cumu-
latively adding physical quantity data of a frame having an
average value of strains equal to or larger than the threshold
Sy of strains or physical quantity data of a frame having the
threshold value Qg of the quality value or larger.

[0098] Next, a second modification will be described. Inthe
second modification, physical quantity data of a frame having
a peak of a strain is subject to averaging of the adding and
averaging unit 55. The peak of a strain is a part where the
strain decreases after being increased.

[0099] For example, F1G. 21 illustrates a graph “g” indi-
cating changes with time of an average value of strains in one
frame. In a period A, a peak of a strain occurs at times t1, t2,
and t3. Therefore, in the period A, the adding and averaging
unit 55 averages physical quantity data in the frame at the
times t1, 12, and t3 to generate average physical quantity data.
In a period B, a peak of a strain occurs at times t4, t5, and 6.
Therefore, in the period B, the adding and averaging unit 55
averages physical quantity data in the frame at the times t4, t5,
and 6 to generate average physical quantity data. Therefore,
also in the second modification, average physical quantity
data according to a strain in each period can be generated.
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Third Embodiment

[0100] Next, a third embodiment will be described.
Description of the same articles as those in the first and
second embodiments will not be repeated.

[0101] In the third embodiment, the color elasticity image
data is generated on the basis of physical quantity data
selected from physical quantity data of a plurality of frames in
the predetermined time T. Hereinafter, a specific description
will be given.

[0102] In the third embodiment, the physical quantity data
processing unit 5 has, as illustrated in FIG. 22, the physical
quantity data generating unit 51, the physical quantity aver-
age calculating unit 52, and a maximum physical quantity
data generating unit 56.

[0103] The maximum physical quantity data generating
unit 56 performs a strain value peak holding process to gen-
erate maximum physical quantity data made by maximum
strain data in the predetermined time T. The maximum physi-
cal quantity data is physical quantity data selected from
physical quantity data of a plurality of frames. The color
elasticity image data is generated on the basis of the maxi-
mum physical quantity data, and the elasticity image EI is
displayed.

[0104] Generation of the maximum physical quantity data
will be described specifically. The maximum physical quan-
tity data generating unit 56 compares a strain in physical
quantity datain a preceding frame with that in physical quan-
tity data in the present frame on the frame unit basis and
employs the physical quantity data of a larger strain as the
maximum physical quantity data. The strains are compared
pixel by pixel, that is, on physical quantity data corresponding
to the same pixel. It is assumed that comparison of strains
completes within the predetermined time T. Therefore, when
a new period starts, the maximum physical quantity data
generating unit 56 sets the physical quantity data of the first
frame as the maximum physical quantity data without com-
paring a strain in the first frame in the period and a strain in the
preceding frame belonging to the preceding period.

[0105] For example, as illustrated in FIG. 23, it is assumed
that there is physical quantity data in frames FA1 to FAn in the
period A having the length of the predetermined time.
Description will be given by paying attention to physical
quantity data SDp corresponding to a certain pixel in the
physical quantity data in the frames FA1 to FAn. The pixel in
which an image based on the physical quantity data SDp is
displayed is expressed as “p” (not illustrated).

[0106] In the frame FA1 as the first frame in the period A,
the physical quantity data SDp of the frame FAL1 is the maxi-
mum physical quantity data, and an elasticity image EI based
on the physical quantity data SDp is displayed in the pixel p.
[0107] Subsequently, in the frame FA2, the maximum
physical quantity data generating unit 56 compares the physi-
cal quantity data SDp in the frame FA2 with the physical
quantity data SDp in the frame FA1. The maximum physical
quantity data generating unit 56 sets the larger physical quan-
tity data SDp as the maximum physical quantity data, and an
elasticity image based on the maximum physical quantity
data 1s displayed in the pixel p.

[0108] The maximum physical quantity data generating
unit 56 compares the present frame the preceding frame until
the frame FAn to generate maximum physical quantity data.
In such a manner, in the predetermined time T, an elasticity
image based on the maximum strain physical quantity data is
always displayed. For example, in the case where the value of
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the strain in the physical quantity data SDp in the frame FA3
is the maximum in the period A, the elasticity image EI based
on the physical quantity data in the frame FA3 is continuously
displayed with respect to frames after the frame FA3.

[0109] Afterlapseofthe predetermined time T, the period A
is finished, and a new period B starts. With respect to the
frame FB1 as the first frame in the period B, the maximum
physical quantity data generating unit 56 sets the physical
quantity data SDp in the frame FB1 as the maximum physical
quantity data. Also in the period B, the maximum physical
quantity data generating unit 56 compares a present frame
with a preceding frame to generate the maximum physical
quantity data.

[0110] Also in the third embodiment, in a manner similar to
the first and second embodiments, the graph G is displayed in
the display unit 7.

[0111] Inthe third embodiment described above, in a man-
ner similar to the first and second embodiments, an elasticity
image is generated on the basis of the physical quantity data
in the predetermined time T. Even there is a period in which an
error cause occurs, an elasticity image in which elasticity of a
living tissue is accurately reflected can be obtained in the
other periods. In addition, since the elasticity image El based
on the physical quantity data of the maximum strain is con-
tinuously displayed in the predetermined time T, also in a
period where there is no heartbeat, the elasticity image EI can
be stably displayed.

[0112] Although the disclosure has been described above
by the foregoing exemplary embodiments, obviously, the sys-
tems and methods described herein can be variously modified
without departing from the spirit thereof. For example, in the
third embodiment, in place of the maximum physical quantity
data, physical quantity data made by an intermediate value
between maximum and minimum strain values in predeter-
mined time T which is maximum strain data in the predeter-
mined time T may be generated.

[0113] Many widely different embodiments may be con-
figured without departing from the spirit and the scope of the
present invention. It should be understood that the present
invention is not limited to the specific embodiments described
in the specification, except as defined in the appended claim.
[0114] The disclosure is directed to an ultrasound diagnos-
tic apparatus which generates an elasticity image on the basis
ofagroup of physical quantity data of anamount of a plurality
of frames within the predetermined time, and a displayed
elasticity image is reflected in elasticity of aliving tissue more
accurately.

1. An ultrasound diagnostic apparatus comprising:

a physical quantity data generating unit configured to gen-
erate physical quantity data by calculating a physical
quantity related to elasticity of parts in a living tissue
based on an echo signal obtained by transmission and
reception of an ultrasound wave to and from the living
tissue;

an elasticity image data generating unit configured to gen-
erate elasticity image data including information indica-
tive of a display form corresponding to the physical
quantity calculated by the physical quantity data gener-
ating unit; and

a display unit configured to display an elasticity image
generated based on the elasticity image data and having
a display form corresponding to the physical quantity,
wherein the elasticity image is generated based on



US 2014/0155746 Al

physical quantity data for a plurality of frames within a
predetermined time period having a length that includes
a plurality of heartbeats.
2. The ultrasound diagnostic apparatus according to claim
1, wherein the elasticity image is an image obtained by cumu-
lative addition of physical quantity data for the plurality of
frames within the predetermined time period, and wherein the
cumulative addition is an operation completed every prede-
termined time period.
3. The ultrasound diagnostic apparatus according to claim
2, wherein physical quantity data as an object of the cumula-
tive addition is data satisfying a predetermined reference that
is set every predetermined time period.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the elasticity image is an image obtained by adding
and averaging physical quantity data for the plurality of
frames within the predetermined time period.
5. The ultrasound diagnostic apparatus according to claim
4, wherein physical quantity data as an object of the addition
and averaging is data satisfying a predetermined reference
that is set every predetermined time period.
6. The ultrasound diagnostic apparatus according to claim
3, wherein the predetermined reference is one of a reference
related to the physical quantity and a reference related to a
quality value indicating a degree of accurate reflection of
elasticity of the living tissue in the elasticity image.
7. The ultrasound diagnostic apparatus according to claim
5, wherein the predetermined reference is one of a reference
related to the physical quantity and a reference related to a
quality value indicating a degree of accurate reflection of
elasticity of the living tissue in the elasticity image.
8. The ultrasound diagnostic apparatus according to claim
1, wherein the elasticity image is an image generated based on
physical quantity data selected from the physical quantity
data for the plurality of frames within the predetermined time
period.
9. The ultrasound diagnostic apparatus according to claim
1, wherein the display unit is configured to display an image
expressing the predetermined time period.
10. The ultrasound diagnostic apparatus according to claim
2, wherein the display unit is configured to display an image
expressing the predetermined time period.
11. The ultrasound diagnostic apparatus according to claim
3, wherein the display unit is configured to display an image
expressing the predetermined time period.
12. The ultrasound diagnostic apparatus according to claim
4, wherein the display unit is configured to display an image
expressing the predetermined time period.
13. The ultrasound diagnostic apparatus according to claim
5, wherein the display unit is configured to display an image
expressing the predetermined time period.
14. The ultrasound diagnostic apparatus according to claim
1, wherein the display unit is configured to display at least one
of a graph indicating changes over time in a cumulative addi-
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tion value of physical quantity and a graph indicating changes
over time in a cumulative addition value of a quality value
indicating a degree of accurate reflection of elasticity of the
living tissue in the elasticity image.
15. The ultrasound diagnostic apparatus according to claim
2, wherein the display unit is configured to display at least one
of a graph indicating changes over time in a cumulative addi-
tion value of physical quantity and a graph indicating changes
over time in a cumulative addition value of a quality value
indicating a degree of accurate reflection of elasticity of the
living tissue in the elasticity image.
16. The ultrasound diagnostic apparatus according to claim
3, wherein the display unit is configured to display at least one
of a graph indicating changes over time in a camulative addi-
tion value of physical quantity and a graph indicating changes
over time in a cumulative addition value of a quality value
indicating a degree of accurate reflection of elasticity of the
living tissue in the elasticity image.
17. The ultrasound diagnostic apparatus according to claim
4, wherein the display unit is configured to display at least one
of a graph indicating changes over time in a cuamulative addi-
tion value of physical quantity and a graph indicating changes
over time in a cumulative addition value of a quality value
indicating a degree of accurate reflection of elasticity of the
living tissue in the elasticity image.
18. The ultrasound diagnostic apparatus according to claim
5, wherein the display unit is configured to display at least one
of a graph indicating changes over time in a cumulative addi-
tion value of physical quantity and a graph indicating changes
over time in a cumulative addition value of a quality value
indicating a degree of accurate reflection of elasticity of the
living tissue in the elasticity image.
19. The ultrasound diagnostic apparatus according to claim
1, wherein the display unit is configured to display at least one
of a graph indicating changes over time in the physical quan-
tity and a graph indicating changes over time in a quality
value indicating a degree of accurate reflection of elasticity of
the living tissue in the elasticity image.
20. A method for displaying an elasticity image, the
method comprising:
generating physical quantity data by calculating a physical
quantity related to elasticity of parts in a living tissue
based on an echo signal obtained by transmission and
reception of an ultrasound wave to and from the living
tissue; generating elasticity image data including infor-
mation indicative of a display form corresponding to the
physical quantity;
generating an elasticity image based on physical quantity
data for a plurality of frames within a predetermined
time period having a length that includes a plurality of
heartbeats; and
displaying the elasticity image based on the elasticity
image data.
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