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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Japanese
Patent Application No. 2009-195004 filed Aug. 26, 2009,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus, and particularly to an ultrasonic diagnostic
apparatus that displays an elastic image indicative of the
hardness or softness of a biological tissue.

[0003] An ultrasonic diagnostic apparatus, which com-
bines a normal B-mode image and an elastic image indicative
ofthe hardness or softness of a biological tissue together and
displays the result of combination, has been disclosed in, for
example, Japanese Unexamined Patent Publication No.
2005-118152 or the like. In this type of ultrasonic diagnostic
apparatus, the elastic image is generated in the following
manner. First, ultrasound is transmitted and received to and
from the biological tissue while repeating pressure from a
body surface by an ultrasonic probe and its relaxation to
thereby acquire echo signals. Then, a physical quantity
related to the elasticity of the biological tissue is calculated
based on the acquired echo signals. The physical quantity is
converted into hue information to thereby form a color elastic
image. Incidentally, for example, a displacement based on
deformation of the biological tissue (hereinafter called sim-
ply “displacement”) or the like is calculated as the physical
quantity related to the elasticity of the biological tissue.
[0004] One example of a method for calculating the physi-
cal quantity will be explained a little more. Correlation win-
dows each having a width corresponding to a predetermined
number of data are first respectively set to two echo signals on
the same sound rays, different in time from each other. A
correlation arithmetic operation is performed between the
correlation windows to calculate the physical quantity. In
Japanese Unexamined Patent Publication No. 2008-126079,
for example, a correlation arithmetic operation is performed
between correlation windows to thereby calculate a shift in
waveform between both echo signals. This shift in waveform
is assumed to be a displacement.

[0005] Incidentally, when deformation of the biological tis-
sue is insufficient as in the case of, for example, lack of the
degrees of pressure and its relaxation, or the like, the value
calculated by the correlation arithmetic operation may not
appear as a difference corresponding to the discrepancy in
elasticity of the biological tissue. In this case, the elastic
image is not brought to one on which the elasticity of the
biological tissue has been reflected accurately.

[0006] On the other hand, when the degrees of the pressure
and its relaxation are in excess, a lateral shift might occur in
the biological tissue. Each echo signal acquired in such a case
contains noise due to the lateral shift, so that there is a fear that
a correlation coefficient at a correlation arithmetic operation
becomes low. There is a fear that when the degrees of the
pressure and its relaxation are excessive, deformation of the
biological tissue is so excessive that the correlation windows
set to the two echo signals are not matched with each other,
thus reducing the correlation coefficient. When the correla-
tion coefficient at the correlation arithmetic operation
becomes low here, the resulting calculated value cannot be
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obtained as a calculated value on which the elasticity of the
biological tissue has been reflected accurately. Thus, as the
correlation coefficient at the correlation arithmetic operation
becomes lower, the elastic image on which the elasticity of
the biological tissue has been reflected accurately cannot be
obtained.

[0007] The intensity of each echo signal becomes insuffi-
cient in a region small in the number of ultrasound reflectors
and at a deep portion of a biological tissue, to which transmit
ultrasound is hard to achieve due to its attenuation. Thus, a
correlation coefficient at a correlation arithmetic operation on
each echo signal insufficient in signal intensity becomes low.
When the direction of the pressure by the ultrasonic probe and
its relaxation does not coincide with an ultrasonic sound ray
direction, the above-described lateral shift occurs. Therefore,
a correlation coefficient at a correlation arithmetic operation
on each echo signal acquired in such a state also becomes low.
Accordingly, an elastic image on which the elasticity of the
biological tissue has been reflected accurately cannot be
obtained even in these cases.

[0008] Even though, however, the elastic image on which
the elasticity of the biological tissue has been reflected accu-
rately in this way are not obtained, it is difficult for an operator
who has viewed the elastic image to determine whether it is of
the elastic image on which the elasticity of the biological
tissue has been reflected accurately.

[0009] There has therefore been disclosed in U.S. Pat. No.
6,558,324, a method wherein in order to allow an operator to
easily determine whether an elastic image is of an elastic
image on which the elasticity of a biological tissue has been
reflected accurately, frame-by-frame averages of values each
indicative of elasticity obtained by a correlation arithmetic
operation are calculated and results of evaluations of “H”
(high), “M” (medium) and “L” (low) are displayed with
respect to their average values.

[0010] Since, however, U.S. Pat. No. 6,558,324 aims to
detect that the elastic image has been formed in a state in
which deformation of the biological tissue is insufficient, a
worse evaluation (“L” if described concretely) is made as the
average value becomes lower. On the other hand, if the aver-
age value is high, then the evaluation of “H” is made. Even
when, however, the pressure to the biological tissue and its
relaxation are performed excessively and the calculated value
obtained by the correlation arithmetic operation low in cor-
relation coefficient is included as described above, the elastic
image on which the elasticity of the biological tissue has been
reflected accurately, is not reached. Therefore, the method of
U.S. Pat. No. 6,558,324 may become insufficient to make a
decision as to whether the elastic image on which the elastic-
ity of the biological tissue has been reflected accurately is
reached and may lack the correctness of its decision.

[0011] Tt is desirable that the problems described previ-
ously are solved.

BRIEF DESCRIPTION OF THE INVENTION

[0012] Theinvention according to a first aspect provides an
ultrasonic diagnostic apparatus including a physical quantity
calculator for setting correlation windows to two echo signals
obtained by transmission/reception of ultrasound to and from
a biological tissue and different in time on the same sound
rays and performing a correlation arithmetic operation
between the correlation windows to thereby calculate physi-
cal quantities related to elasticity of respective regions in the
biological tissue; an elastic image data generator for gener-
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ating elastic image data of the biological tissue with respect to
an elastic image forming region of a transmission/reception
surface of the ultrasound based on the physical quantities; a
physical quantity average unit for calculating an average of
the physical quantities in the elastic image forming region for
every frame; a comparator for comparing a value calculated
by the physical quantity average unit and a preset average
value of the physical quantities; and a notification unit for
notifying a result of comparison by the comparator.

[0013] According to the invention of a second aspect, there
is provided an ultrasonic diagnostic apparatus wherein in the
invention according to the first aspect, the physical quantity
average unit calculates an average of physical quantities
obtained with respect to correlation windows in which a
correlation arithmetic operation on correlation coefficients
each greater than or equal to a predetermined threshold value
is performed.

[0014] The invention according to a third aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the first or second aspect, the comparator calcu-
lates, as the result of comparison, a ratio of the value calcu-
lated by the physical quantity average unit to the preset aver-
age value of the physical quantities.

[0015] The invention according to a fourth aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to any one of the first to third aspects, results of
comparisons obtained every frame by the comparator are
averaged over a plurality of frames and notified to the notifi-
cation unit.

[0016] The invention according to a fifth aspect provides an
ultrasonic diagnostic apparatus including a physical quantity
calculator for setting correlation windows to two echo signals
obtained by transmission/reception of ultrasound to and from
a biological tissue and different in time on the same sound
rays and performing a correlation arithmetic operation
between the correlation windows to thereby calculate physi-
cal quantities related to elasticity of respective regions in the
biological tissue; an elastic image data generator for gener-
ating elastic image data of the biological tissue with respect to
an elastic image forming region of a transmission/reception
surface of the ultrasound based on the physical quantities; a
correlation coefficient average unit for calculating every
frame an average in the elastic image forming region, of
correlation coefficients at the correlation arithmetic operation
between the correlation windows; and a notification unit for
notifying a result of calculation by the correlation coefficient
average unit.

[0017] The invention according to a sixth aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the fifth aspect, results of calculations obtained
every frame by the correlation coefficient average unit are
averaged over a plurality of frames and notified to the notifi-
cation unit.

[0018] The invention according to a seventh aspect pro-
vides an ultrasonic diagnostic apparatus including a physical
quantity calculator for calculating physical quantities related
to elasticity of respective regions in a biological tissue, based
on two echo signals obtained by transmission/reception of
ultrasound to and from the biological tissue and different in
time on the same sound rays; an elastic image data generator
for generating elastic image data of the biological tissue with
respect to an elastic image forming region of a transmission/
reception surface of the ultrasound based on the physical
quantities; a physical quantity average unit for calculating
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every frame an average in the elastic image forming region, of
physical quantities obtained with respect to correlation win-
dows in which a correlation arithmetic operation on correla-
tion coefficients greater than or equal to a predetermined
threshold value is performed; a ratio calculator for calculating
a ratio of a value calculated by the physical quantity average
unit to a preset average value of the physical quantities; a
correlation coefficient average unit for calculating every
frame an average in the elastic image forming region, of the
correlation coefficients at the correlation arithmetic operation
between the correlation windows; a multiplier for multiply-
ing the calculated value of the ratio calculator and the calcu-
lated value of the correlation coefficient average unit by each
other; and a notification unit for notifying a result of multi-
plication by the multiplier.

[0019] The invention according to an eighth aspect pro-
vides an ultrasonic diagnostic apparatus wherein in the inven-
tion according to the seventh aspect, results of calculations
obtained every frame by the multiplier are averaged over a
plurality of frames and notified to the notification unit.
[0020] The invention according to a ninth aspect provides
an ultrasonic diagnostic apparatus wherein in the invention
according to the seventh or eighth aspect, the multiplier per-
forms a weighted arithmetic operation on the calculated value
of the ratio calculator and the calculated value of the correla-
tion coefficient average unit.

[0021] The invention according to a tenth aspect provides
an ultrasonic diagnostic apparatus including a physical quan-
tity calculator for calculating physical quantities related to
elasticity of respective regions in a biological tissue, based on
two echo signals obtained by transmission/reception of ultra-
sound to and from the biological tissue and different in time
on the same sound rays; an elastic image data generator for
generating elastic image data of the biological tissue in an
elastic image forming region of a transmission/reception sur-
face of the ultrasound, based on the physical quantities; a
physical quantity average unit for calculating every frame an
average in the elastic image forming region, of physical quan-
tities obtained with respect to correlation windows in which a
correlation arithmetic operation on correlation coefficients
greater than or equal to a predetermined threshold value is
performed,; a ratio calculator for calculating a ratio of a value
calculated by the physical quantity average unit to a preset
average value of the physical quantities; a correlation coeffi-
cient average unit for calculating every frame an average in
the elastic image forming region, of the correlation coeffi-
cients at the correlation arithmetic operation between the
correlation windows; a multiplier for multiplying the calcu-
lated value of the ratio calculator and the calculated value of
the correlation coefficient average unit by each other; a noti-
fication unit capable of notifying a result of calculation by the
ratio calculator, a result of calculation by the correlation
coefficient average unit or a result of multiplication by the
multiplier by switching; and an operation unit for inputting
instructions for switching to the notification unit.

[0022] In one embodiment, since the result of comparison
between the average value in the elastic image forming
region, of the physical quantities of the respective regions in
the biological tissue, and the preset average value of the
physical quantities is displayed, an operator is able to easily
determine whether the degrees of the pressure to the biologi-
cal tissue and its relaxation are insufficient or excessive. It is
thus possible to evaluate from a broad standpoint than con-
ventional one whether the elastic image displayed based on
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the elastic image data is of the elastic image on which the
elasticity of the biological tissue has been reflected accu-
rately.

[0023] The average value obtained by calculating the aver-
age of the physical quantities obtained with respect to the
correlation windows in which the correlation arithmetic
operation on the correlation coefficients each greater than or
equal to the predetermined threshold value is performed is of
an average value obtained by eliminating a displacement of a
portion low in correlation coefficient like a portion insuffi-
cient in the intensity of each echo signal, a portion which has
produced a lateral shift in the biological tissue, or the like.
Accordingly, the result of comparison between such an aver-
age value and the preset average value (ideal value) of the
physical quantities is indicative of whether the pressure to the
biological tissue and its relaxation are being respectively
performed with suitable intensity. As described above, the
operator is able to grasp more accurately from the display of
the result of comparison whether the pressure to the biologi-
cal tissue and its relaxation are being respectively performed
with the suitable intensity.

[0024] Results of comparisons obtained every frame by the
comparator are averaged over a plurality of frames and dis-
played on the display unit, thereby making it possible to
display a stable result of comparison.

[0025] In another embodiment, since the result of calcula-
tion of the average in the elastic image forming region, of the
correlation coefficients at the correlation arithmetic operation
between the correlation windows is displayed, an operator is
able to evaluate from a standpoint different from conventional
one whether the elastic image displayed based on the elastic
image data is of an elastic image on which the elasticity of a
biological tissue has been reflected accurately.

[0026] Results of calculations obtained every frame by the
correlation coefficient average unit are averaged over a plu-
rality of frames and displayed on the display unit, thereby
making it possible to display a stable result of calculation.

[0027] In yet another embodiment, the value calculated by
the ratio calculator using the average value of physical quan-
tities obtained with respect to correlation windows in which a
correlation arithmetic operation on correlation coefficients
each greater than or equal to a predetermined threshold value
has been performed, and the value calculated by the correla-
tion coefficient average unit are multiplied by each other by
the multiplier. A result of this multiplication is displayed. This
result of multiplication is equivalent to one to which elements
for the degrees of pressure to a biological tissue and its relax-
ation and elements for correlation coefficients are added. Itis
thus possible to evaluate from a broader standpoint than con-
ventional one whether an elastic image on which the elasticity
of the biological tissue has been reflected accurately is
reached.

[0028] Results of multiplications obtained every frame by
the multiplier are averaged over a plurality of frames and
displayed on the display unit, thereby making it possible to
display a stable result of multiplication.

[0029] In another embodiment, since the result of calcula-
tion by the ratio calculator, the result of calculation by the
correlation coefficient average unit and the result of multipli-
cation by the multiplier can be displayed by switching,
whether an elastic image on which the elasticity of a biologi-
cal tissue has been reflected accurately is provided can be
evaluated from a broad standpoint than conventional one.
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[0030] Further objects and advantages of the present inven-
tion will be apparent from the following description of the
preferred embodiments of the invention as illustrated in the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a block diagram showing a schematic
configuration of a first embodiment of an ultrasonic diagnos-
tic apparatus according to the invention.

[0032] FIG. 2is a block diagram illustrating a fragmentary
configuration of the ultrasonic diagnostic apparatus shown in
FIG. 1.

[0033] FIG. 3 is a diagram for describing the generation of
B-mode image data and elastic image data.

[0034] FIG. 4 is a diagram showing one example of a dis-
play of a display unit in the ultrasonic diagnostic apparatus
shown in FIG. 1.

[0035] FIG.5is a diagram for explaining the calculation of
physical quantities at the generation of elastic image data.
[0036] FIG. 6 is a diagram showing a graph of a function
used in a ratio calculator.

[0037] FIG. 7 shows one example of adisplay ofthe display
unit and is a diagram for describing that a quality indication is
displayed so as to flow from left to right with the elapse of
time.

[0038] FIG. 8 illustrates one example of a display of the
display unit and is a diagram for describing that a quality
indication is displayed so as to flow from left to right with the
elapse of time.

[0039] FIG. 9 depicts one example of a display of the dis-
play unit and is a diagram for describing that a quality indi-
cation is displayed so as to flow left to right with the elapse of
time.

[0040] FIG. 10 shows one example of a display of the
display unit and is a diagram illustrating another example of
a quality indication.

[0041] FIG. 11 is a block diagram showing a schematic
configuration of a second embodiment of an ultrasonic diag-
nostic apparatus according to the invention.

[0042] FIG.12isablockdiagramillustrating a fragmentary
configuration of the ultrasonic diagnostic apparatus shown in
FIG. 11.

[0043] FIG. 13 is a block diagram depicting a schematic
configuration of a third embodiment of an ultrasonic diagnos-
tic apparatus according to the invention.

[0044] FIG. 14 is a block diagram showing a fragmentary
configuration of the ultrasonic diagnostic apparatus shown in
FIG. 13.

[0045] FIG. 15 is a block diagram depicting a schematic
configuration of a fourth embodiment of an ultrasonic diag-
nostic apparatus according to the invention.

[0046] FIG. 16 is a block diagram showing a fragmentary
configuration of the ultrasonic diagnostic apparatus shown in
FIG. 15.

[0047] FIG. 17 is a diagram illustrating another example of
a quality indication.

[0048] FIG. 18 is a diagram showing a display unit that has
displayed a further example of a quality indication.

DETAILED DESCRIPTION OF THE INVENTION

[0049] Embodiments of the invention will hereinafter be
explained in detail based on the accompanying drawings.

First Embodiment

[0050] A first embodiment will first be explained based on
FIGS. 1 through 10. An ultrasonic diagnostic apparatus 1
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shown in FIG. 1 is equipped with an ultrasonic probe 2, a
transmit-receive unit 3, a B-mode image processing unit 4, an
elastic image processing unit 5, a combiner 6, a display unit 7,
a physical quantity average unit 8, a ratio calculator 9 and a
quality indication generator 10. Further, the ultrasonic diag-
nostic apparatus 1 includes a controller 11 and an operation
unit 12.

[0051] The ultrasonic probe 2 transmits ultrasound to a
biological tissue and receives its echoes. An elastic image is
generated as described later based on echo signals acquired
by performing the transmission/reception of the ultrasound
while repeating pressure and relaxation in a state in which the
ultrasonic probe 2 is being brought into contact with the
surface of the biological tissue.

[0052] The transmit-receive unit 3 drives the ultrasonic
probe 2 under a predetermined scan condition to perform the
scanning of the ultrasound every sound ray. The transmit-
receive unit 3 performs signal processing such as beamform-
ing processing on each echo signal received by the ultrasonic
probe 2. The echo signals subjected to the signal processing
by the transmit-receive unit 3 are outputted to the B-mode
image processing unit 4 and the elastic image processing unit
5. The echo signals outputted from the transmit-receive unit 3
may be stored in an unillustrated storage unit as raw data.

[0053] Incidentally, the transmit-receive unit 3 separately
performs a scan for generating a B-mode image and a scan for
generating an elastic image. As the scan for generating the
elastic image, scanning is done two times on the same sound
ray in a region for generating an elastic image for a subject.

[0054] The B-mode image processing unit 4 performs
B-mode processing such as logarithmic compression pro-
cessing, envelop detection processing or the like on the echo
signals outputted from the transmit-receive unit 3 to thereby
generate B-mode image data. The B-mode image processing
unit 4 may, however, generate B-mode image data, based on
the echo signals stored as the raw data in the storage unit.

[0055] Theelastic image processing unit 5 generates elastic
image data, based on the echo signals outputted from the
transmit-receive unit 3. The elastic image processing unit 5
may however generate B-mode image data, based on the echo
signals stored in the storage unit as the raw data in a manner
similar to the B-mode image processing unit 4.

[0056] The elastic image processing unit 5 will be
explained in a little more detail. As shown in FIG. 2, the
elastic image processing unit 5 has a physical quantity calcu-
lator 51 and an elastic image data generator 52. The physical
quantity calculator 51 calculates displacements (hereinafter
called simply “displacements”) due to deformation of respec-
tive parts or regions of a biological tissue, produced by the
pressure by the ultrasonic probe 2 and its relaxation, as physi-
cal quantities related to the elasticity of the respective regions
in the biological tissue. The physical quantity calculator 51
calculates displacements, based on two echo signals on the
same sound rays that belong to two frames (i) and (ii) different
in time as shown in FIG. 3. As will be described later, corre-
lation windows W1 and W2 are set to the echo signals (refer
to FIG. 5). A correlation arithmetic operation is performed
between these correlation windows W1 and W2 to calculate
each displacement. Then, the elastic image data generator 52
generates elastic image data corresponding to one pixel,
based on the displacement. The physical quantity calculator
51 is one example illustrative of an embodiment of a physical
quantity calculator in the invention.
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[0057] The elastic image data generator 52 converts the
displacement calculated by the physical quantity calculator
51 into hue information and generates elastic image data
about an elastic image generation region (region of interest R
to be described later in the present embodiment) at a trans-
mission/reception surface of ultrasound. The elastic image
data generator 52 is one example illustrative of an embodi-
ment of an elastic image data generator in the invention.
[0058] Incidentally, as shown in FIG. 3, elastic image data
corresponding to one frame is generated from the echo sig-
nals that belong to the two different frames (i) and (ii). On the
other hand, B-mode image data is generated from the echo
signal of either one of the frames (i) and (ii).

[0059] Now, inthe present embodiment, a region of interest
(ROD) R is set onto a B mode image BG displayed on the
display unit 7 as shown in FIG. 4. The elastic image data is
formed in the region of interest R. The region of interest R is
one example illustrative of an embodiment of an elastic image
forming region in the invention. The invention is however not
limited to where the elastic image is generated with respect to
part of the B-mode image BG in this way, but the elastic
image data may be formed over the entire B-mode image BG.
[0060] The B-mode image data generated by the B-mode
image processing unit 4 and the elastic image data generated
by the elastic image processing unit 5 are combined together
by the combiner 6. Described concretely, the combiner 6 adds
the B-mode image data and the elastic image data corre-
sponding to one frame together to generate ultrasonic image
data corresponding to one frame displayed on the display unit
7. Then, the ultrasonic image data obtained at the combiner 6
is displayed on the display unit 7 as an ultrasonic image G
obtained by combining a monochrome B-mode image BG
and acolor elastic image EG as shown in FIG. 4. In the present
embodiment, the elastic image EG is displayed within the
region of interest R in a translucent form (in a state in which
the background B-mode image is transparent).

[0061] Further, a quality graphics or indication QG to be
described later is displayed on the display unit 7. The display
unit 7 is one example illustrative of an embodiment of a
notification unit in the invention.

[0062] The physical quantity average unit 8 calculates the
average of displacements calculated for every pixel in the
region of interest R for every frame. A value calculated by the
physical quantity average unit 8 is assumed to be an average
value Xr,,. The physical quantity average unit 8 is one
example illustrative of an embodiment of a physical quantity
average unit in the invention.

[0063] The ratio calculator 9 calculates a ratio Ra of the
average value Xr ;- to an ideal value Xi ;- of the average of
displacements and further performs an arithmetic operation
of (equation 1) as will be described later. The ratio calculator
9 is one example illustrative of embodiments of a comparator
and a ratio calculator in the invention. The ideal value Xi - is
one example illustrative of an embodiment of the preset aver-
age value of physical quantities in the invention.

[0064] Here, the ideal value Xi, corresponds to the aver-
age value of displacements obtained in an arbitrarily set
region where the pressure to the biological tissue by the
ultrasonic probe 2 and its relaxation are performed upon
transmission/reception of ultrasound with such an intensity
that an elastic image on which the elasticity of the biological
tissue has been reflected more accurately can be obtained.
The ideal value Xi ,;-is of a value obtained from experience by
performing experiments on a phantom or the like comprised
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of, for example, a portion of the same hardness as a tumor, a
portion of the same hardness as a normal tissue, etc. The ideal
value Xi,, may be set at the operation unit 12 by an operator
or may be stored in the apparatus as a default.

[0065] As showninFIG. 4, the quality indication generator
10 generates the quality indication QG displayed on the dis-
play unit 7 along with the ultrasonic image G. In the present
embodiment, the quality indication QG includes a graph grin
which its horizontal axis indicates time and its vertical axis
indicates a quality value Qn calculated for every frame as will
be described later. The generation of the quality indication
QG will be described in detail later.

[0066] The controller 11 includes a CPU (Central Process-
ing Unit). The controller 11 reads control programs stored in
an unillustrated storage unit and causes the same to execute
the functions of the respective parts in the ultrasonic diagnos-
tic apparatus 1. The operation unit 9 includes a keyboard and
apointing device (not shown) for causing the operator to input
instructions and information.

[0067] The operation of the ultrasonic diagnostic apparatus
1 according to the present embodiment will now be explained.
First, the transmit-receive unit 3 transmits ultrasound from
the ultrasonic probe 2 to a biological tissue of a subject and
acquires its echo signals. At this time, the transmission/recep-
tion of the ultrasound is performed through the ultrasonic
probe 2 while repeating the pressure to the subject by the
ultrasonic probe 2 and its relaxation.

[0068] The B-mode image processing unit 4 generates
B-mode image data, based on the echo signals. The elastic
image processing unit 5 generates elastic image data, based
on the echo signals. The B-mode image data and the elastic
image data are combined together at the combiner 6, and an
ultrasonic image G obtained by combining a B-mode image
BG and an elastic image EG together is displayed on the
display unit 7 as shown in FIG. 3.

[0069] The quality indication QG produced by the quality
indication generator 10 is displayed down below the ultra-
sonic image G at the display unit 7.

[0070] The generation of the elastic image data at the elas-
tic image processing unit 5 and the generation of the quality
indication QG will be explained in detail. Upon the genera-
tion of the elastic image data, the physical quantity calculator
51 sets correlation windows to echo signals of frames (i) and
(ii) respectively. Described concretely, the physical quantity
calculator 51 sets a correlation window W1 to an echo signal
that belongs to a frame (i) and sets a window W2 to each echo
signal that belongs to a frame (ii) as shown in FIG. 5. Then,
the physical quantity calculator 51 performs a correlation
arithmetic operation between the correlation windows W1
and W2 to calculate each displacement.

[0071] Ifexplained in concrete terms, the frames (i) and (ii)
respectively include echo signals acquired on a plurality of
soundrays in FIG. 5. InFIG. 5, five sound rays L.1a, 15, L1c,
L1d and L.1e are shown as some of the sound rays in the frame
(). Sound rays 1.2a, 1.2b, L.2¢, L2d and L.2e are shown as
sound rays corresponding to the sound rays L1a through L1e
in the frame (ii). Namely, the sound rays L1a and .24, the
sound rays .16 and .25, the sound rays L1c and L.2¢, the
sound rays L1d4 and 12d, and the sound rays L1e and [.2e
respectively correspond to the same sound rays that belong to
the two frames different from each other. In FIG. 5, R (i) and
R (ii) indicate regions each corresponding to the region of
interest R.

Mar. 3, 2011

[0072] Let’s assume that for example, a correlation window
Wicis set to the echo signal lying on the sound ray L1c as the
correlation window W1, and a correlation window W2c is set
to the echo signal lying on the sound ray [.2¢ as the correlation
window W2. The physical quantity calculator 51 performs a
correlation arithmetic operation between the correlation win-
dows W1cand W2c to calculate a displacement. The physical
quantity calculator 51 sequentially sets correlation windows
Wil and W2¢ from upper ends 100 of the regions R (i) and R
(i1) to their lower ends 101 on the sound rays L1c and L.2¢ to
calculate displacements. The physical quantity calculator 51
similarly calculates displacements even with respect to other
sound rays in the regions R (i) and R (ii). When the displace-
ments are calculated by the physical quantity in this way, the
elastic image data generator 52 generates elastic image data,
based on the displacements.

[0073] The generation of the quality indication GR will
next be explained. Upon the formation of the quality indica-
tion GR, the physical quantity average unit 8 first calculates
an average value Xr - of displacements in the regions of
interest R (the regions R (i) and R (ii)). Incidentally, since the
displacements might become negative, the average value
Xr ,,-is assumed to become negative. Next, the ratio calculator
9 performs an arithmetic operation of Xr ,;/Xi ;- to calculate
the ratio Ra. Further, the ratio calculator 9 substitutes the ratio
Rainto the following equation (1) to obtain a numerical value
Y.

Y=1.0-llogo|Ra 1)

where Y is one example illustrative of embodiments of a
result of comparison by the comparator and a calculated value
of the comparator in the invention.

[0074] Incidentally, the equation (1) is one for bringing the
ratio Ra to a range of 0 to 1.Y obtained by the equation (1) is
equal to the ratio of the average value Xr ,,, to the ideal value
Xi,p If a function expressed in this equation (1) is repre-
sented in a graph, it becomes a graph shown in FIG. 6. ThisY
assumes 0=Y=1 as shown in FIG. 6.

[0075] Y isassumed to be zero where |Ral is assumed to be
0.1=IRal=10 and |Ral exceeds this range.

[0076] The calculated value Y of the ratio calculator 9 is
inputted to the quality indication generator 10. Here, the
calculated values Y are calculated for every frame. The qual-
ity indication generator 10 plots the calculated values Y
obtained for every frame as quality values Qn to form a
quality indication QG comprised of a graph gr whose hori-
zontal axis indicates time and whose vertical axis is indicative
of the quality values Qn. At this time, the quality indication
generator 10 calculates the averages of the quality values Qn
corresponding to plural frames. Their average values may be
plotted. It is thus possible to obtain a stable graph gr free of
fluctuations in numeric value.

[0077] Since 0=Y=1, 0=Qn=1 is obtained. This means
that as the quality value Qn approaches 1, the quality of an
elastic image is satisfactory. On the other hand, this also
means that as the quality value Qn approaches zero, the qual-
ity of the elastic image becomes worse. Here, it means that the
elastic image satisfactory in quality is of an elastic image on
which the elasticity of a biological tissue is reflected more
accurately. On the other hand, it means that the elastic image
worse in quality is not an elastic image on which the elasticity
of the biological tissue is accurately reflected.

[0078] The relationship between the quality value Qn and
the quality of the elastic image will be explained in more
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detail. As is understood from the graph shown in FIG. 6,Y or
Qn becomes 1 where the average value Xr ;- is equal to the
ideal value Xi 4, (i.e., IRal is 1). Thus, if Qnis 1 or a value near
1, then the degrees of the pressure to the biological tissue by
the ultrasonic probe 2 and its relaxation are suitable, thus
resulting in the acquisition of an elastic image EG on which
the elasticity of the biological tissue is accurately reflected.
[0079] On the other hand, as the average value Xr,
becomes a value away from the ideal value Xi, (i.e., [Ral
becomes a value away from 1), Qn approaches zero. Here, the
average value Xr ,,-being the value away from the ideal value
Xi - means that the degrees of the pressure to the biological
tissue by the ultrasonic probe 2 and its relaxation are insuffi-
cient or excessive. Thus, as a result of the fact that as Qn
approaches zero, the degrees of the pressure to the biological
tissue and its relaxation are lacking or excessive, there is not
yet obtained an elastic image EG on which the elasticity of the
biological tissue is accurately reflected.

[0080] Incidentally, the display of the elastic image EG
may not be performed with respect to each frame low in the
quality value Qn.

[0081] The quality indication QG generated by the quality
indication generator 10 is combined with the ultrasonic image
G at the combiner 6. Consequently, the quality indication QG
is displayed down below the ultrasonic image G at the display
unit 7.

[0082] The quality indication QG will be explained in fur-
ther detail. When the ultrasonic image G is represented in a
moving picture, the quality indication generator 10 plots,
every frame, quality values Qn at an ultrasonic image G being
displayed at present to thereby produce the graph gr. Thus, at
the display unit 7, the graph gr is displayed so as to flow from
left to right with the elapse of time as shown in FIGS. 7, 8 and
9.

[0083] When, however, the ultrasonic image G is of a mov-
ing picture formed based on the echo signals stored as the raw
data in the storage unit (not shown), the quality indication
generator 10 forms a graph gr from the beginning of its
reproduction to its end and may allow the display unit 7 to
display it. In this case, as shown in FIG. 10, the quality
indication QG may include, in addition to the graph gr, a
vertical line segment b indicative of whether the present-
displayed ultrasonic image G corresponds to one correspond-
ing to a frame of any time. This line segment b moves from
left to right during the reproduction of the ultrasonic image G
(in the direction indicated by arrow in the figure).

[0084] Incidentally, the length of the line segment b
becomes a length between the minimum and maximum val-
ues of the quality value Qn calculated for every frame at the
quality indication generator 10.

[0085] According to the ultrasonic diagnostic apparatus 1
of the present embodiment, the quality indication QG com-
prised of the graph gr indicative of changes in the time of the
quality values Qn each calculated based on the ratio Ra of the
average value Xr ;. to the ideal value Xi, is represented.
Therefore, the operator is able to easily determine whether the
degrees of the pressure to the biological tissue by the ultra-
sonic probe 2 and its relaxation are insufficient or excessive.
It is thus possible to evaluate from a broader standpoint than
conventional one whether the elastic image on which the
elasticity ofthe biological tissue has accurately been reflected
is acquired.

[0086] The operator may freeze the ultrasonic image G ata
location high in the quality value Qn by looking at the graph
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gr and output the ultrasonic image G by printing or the like.
Consequently, an ultrasonic image on which the elasticity of
a biological tissue has been reflected more accurately can be
outputted by means of printing or the like. Further, when the
ultrasonic image G is being displayed in real time, the opera-
tor is also able to adjust the degrees the pressure to the bio-
logical tissue by the ultrasonic probe 2 and its relaxation by
looking at the graph gr.

[0087] A modification of the first embodiment will next be
explained. In the modification, the physical quantity average
unit 8 selects correlation windows wherein a correlation arith-
metic operation in which a correlation coefficient C
(0=C=1) is greater than or equal to a predetermined thresh-
old value C;, has been performed, and calculates the average
of their displacements, thereby acquiring an average value
Xr - Then, the ratio calculator 9 calculates the ratio Ra using
the average value Xr ;. and calculates Y using the equation
(1). Further, the quality indication generator 10 forms the
quality indication QG using the calculated valueY.

[0088] The average value Xr,,. is of an average value
obtained by eliminating portions low in correlation coeffi-
cient, such as a portion insufficient in the intensity of each
echo signal, a portion having produced a lateral shift of a
biological tissue, etc. Accordingly, the quality value Qn
obtained from such an average value Xr . is indicative of
whether the pressure by the ultrasonic probe 2 and its relax-
ation are being carried out with suitable intensity. Thus, the
operator is able to more accurately grasp from the quality
indication QG whether the pressure by the ultrasonic probe 2
and its relaxation are being performed with suitable intensity.
For example, when the quality value Qn is away from 1, the
operator is capable of grasping that the pressure by the ultra-
sonic probe 2 and its relaxation are not being performed with
suitable intensity. On the other hand, if the quality value Qnis
1 or a value close to 1, then the operator is able to grasp that
the pressure by the ultrasonic probe 2 is being performed with
suitable intensity.

[0089] If the calculation of the average value Xr ;- is done
inclusive of the displacements obtained by the correlation
arithmetic operation low in the correlation coefficient, then
the average value Xr,, becomes small and the quality value
Qn is away from 1 where, for example, the intensity of each
echo signal is weak, even though the degrees of the pressure
to the biological tissue by the ultrasonic probe 2 and its
relaxation are suitable. Thus, if the degrees of the pressure to
the biological tissue by the ultrasonic probe 2 and its relax-
ation are suitable by calculating the average value Xr ,,-except
for the displacement of each portion low in correlation coef-
ficient, as in the case of this modification, the quality value Qn
always becomes near 1. It is thus possible to display the
quality indication QG on which whether the degrees of the
pressure to the biological tissue and its relaxation are suitable
has been reflected more accurately.

Second Embodiment

[0090] A second embodiment will next be explained based
on FIGS. 11 and 12. Incidentally, the same reference numer-
als are respectively attached to the same components as those
in the first embodiment, and their explanations will therefore
be omitted.

[0091] An ultrasonic diagnostic apparatus 20 according to
the present embodiment is not equipped with the physical
quantity average unit 8 and the ratio calculator 9, but
equipped with a correlation coefficient average unit 21
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instead of them. The correlation coefficient average unit 21 is
one example illustrative of an embodiment of the correlation
average unit 21 in the invention.

[0092] The operation of the ultrasonic diagnostic apparatus
20 according to the present embodiment will be explained.
The present embodiment is different from the first embodi-
ment in the method for generating the quality indication QG.
Described concretely, the correlation coefficient average unit
21 calculates, for every frame, average values C - in regions
of interest R (regions R(i) and R(ii)), of correlation coeffi-
cients C at respective correlation arithmetic operations per-
formed by the physical quantity calculator 51 upon formation
ofthe quality indication QG. In the present embodiment, each
average value C ;- of the correlation coefficients C is assumed
to be a quality value Qn. Since 0=C=1 herein, 0=Qn=1 is
established even in the present embodiment. At the correla-
tion coefficient at each correlation arithmetic operation, a
displacement on which the elasticity of a biological tissue has
been reflected accurately, can be obtained as it approaches 1.
On the other hand, a displacement on which the elasticity of
the biological tissue has been reflected accurately cannot be
obtained as it approaches zero. Thus, even in the present
embodiment, the quality of an elastic image EG becomes
satisfactory as Qn approaches 1, whereas as Qn approaches
zero, the quality of the elastic image EG becomes worse.
[0093] Then, the quality indication generator 10 plots the
average values C,, as the quality values Qn and forms a
quality indication QG comprised of the graph gr. At this time,
the quality indication generator 10 may calculate the averages
corresponding to plural frames, of the quality values Qn in a
manner similar to the first embodiment and plot their average
values.

[0094] Even in the present embodiment, the graph gr that
configures the quality indication QG may be displayed so as
to flow from left to right with the elapse of time in a manner
similar to the first embodiment. The quality indication QG
may include a vertical line segment b in addition to the graph
gr.

[0095] According to the ultrasonic diagnostic apparatus 20
of the present embodiment, a quality indication QG com-
prised ofa graph grindicative of changes in the time of quality
values Qn each corresponding to an average value C; of
correlation coefficients C is displayed. Therefore, an operator
can grasp whether a displayed elastic image is of an image of
elastic image data generated based on displacements each
obtained by a correlation arithmetic operation low in corre-
lation coefficient due to the fact that, for example, the pressure
to a biological tissue and its relaxation are excessive and the
intensity of each echo signal is insufficient. It is thus possible
to evaluate from a standpoint different from conventional one
whether the displayed image is of an image on which an
elastic image of a biological tissue has been reflected accu-
rately.

Third Embodiment

[0096] A third embodiment will next be explained based on
FIGS. 13 and 14. Incidentally, the same reference numerals
are respectively attached to the same components as those in
the first and second embodiment, and their explanations will
therefore be omitted.

[0097] Anultrasonic diagnostic apparatus 30 of the present
embodiment is equipped with the physical quantity average
unit 8, ratio calculator 9, quality indication generator 10,
correlation coefficient average unit 21 and the like. Further,
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the ultrasonic diagnostic apparatus 30 further includes a mul-
tiplier 31. The multiplier 31 is one example illustrative of an
embodiment of a multiplier in the invention.

[0098] The generation of the quality indication QG at the
ultrasonic diagnostic apparatus 30 of the present embodiment
will be explained. The physical quantity average unit 8 selects
correlation windows wherein a correlation arithmetic opera-
tion in which a correlation coefficient C is greater than or
equal to a predetermined threshold value C,,,, has been per-
formed, and calculates an average value Xr ;. of their dis-
placements in manner similar to the modification of the first
embodiment. The ratio calculator 9 calculates the ratio Ra
using the average value Xr ;» and calculates Y from the equa-
tion (1). In a manner similar to the second embodiment, the
correlation coefficient average unit 21 calculates an average
value C ;. of correlation coefficients.

[0099] The multiplier 31 multiplies the calculated value Y
obtained at the ratio calculator 9 and the average value C ;-of
the correlation coefficients obtained at the correlation coeffi-
cient average unit 21 by each other to calculate a multiplied
value M. The multiplied value M is calculated for every
frame.

[0100] Here, when the calculated value Y and the average
value C - of the correlation coefficients are multiplied by
each other, the multiplier 31 may assign weights thereto to
thereby multiply them by each other.

[0101] The quality indication generator 10 plots the multi-
plied values M calculated every frame as the quality values
Qn to thereby form the quality indication QG. At this time, the
quality indication generator 10 may calculate the averages
corresponding to plural frames, of the quality values Qn and
plot their average values in a manner similar to the first and
second embodiments.

[0102] Even in the present embodiment, a graph gr that
configures the quality indication QG may be displayed so as
to flow from left to right with the elapse of time in a manner
similar to the first and second embodiments. The quality
indication QG may include a vertical line segment b in addi-
tion to the graph gr.

[0103] Since 0=Y=1 and 0=C, =1, M assumes
0=M=1. Thus, even in the present embodiment, Qn assumes
0=Qn=1. Since the multiplied value M is of the value
obtained by multiplying the calculated value Y and the aver-
age value C ,, of the correlation coefficients by each other, the
quality of an elastic image EG becomes satisfactory as the
multiplied value M, i.e., Qnapproaches 1, whereas the quality
of the elastic image EG becomes worse as Qn approaches
Zero.

[0104] Now, when the quality values Qn each calculated
from the average value Xr ,;» of the displacements obtained by
the correlation arithmetic operation on the correlation coef-
ficients each greater than or equal to the predetermined
threshold value C,, are displayed as the quality indication
QG as in the modification of the first embodiment, the corre-
lation coefficients are not completely reflected as elements for
evaluation of the quality of the elastic image. On the other
hand, when the average value C ;. of the correlation coeffi-
cients C is displayed as the quality indication QG as in the
second embodiment, each correlation coefficient C becomes
high even ifthe degrees of the pressure to the biological tissue
by the ultrasonic probe 2 and its relaxation are insufficient.
Therefore, the satisfactory value may be represented as the
quality value Qn. Thus, in the present embodiment, the cal-
culated value Y obtained using the ratio Ra calculated using
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the average value Xr ;., and the average value C,, of the
correlation coefficients C are multiplied by each other,
thereby making it possible to display a quality indication QG
to which elements for the degrees of pressure to a biological
tissue and its relaxation and elements for correlation coeffi-
cients are added. It is thus possible to evaluate from a broader
standpoint than conventional one whether an elastic image on
which the elasticity of a biological tissue has been reflected
accurately is reached.

Fourth Embodiment

[0105] A fourth embodiment will next be explained based
on FIGS. 15 and 16. Incidentally, the same reference numer-
als are respectively attached to the same components as those
in the first through third embodiments, and the description
thereof will therefore be omitted.

[0106] An ultrasonic diagnostic apparatus 40 of the present
embodiment is identical in basic configuration to the ultra-
sonic diagnostic apparatus 30 of the third embodiment. In the
present embodiment, however, any of the calculated value Y
obtained at the ratio calculator 9, the average value C ,-of the
correlation coefficients obtained at the correlation coefficient
average unit 21 and the multiplied value M obtained at the
multiplier 31 is selected as a quality value Qn. The quality
indication generator 10 displays a quality indication QG.
[0107] Described concretely, whether the display of the
quality indication QG should be performed using any of the
calculated value Y, the average value C,, of the correlation
coefficients and the multiplied value M is inputted by an
operator at the operation unit 12. Then, the controller 11
performs control, based on the instructed input from the
operation unit 12 to perform any of the calculation of the
calculated valueY by the ratio calculator 9, the calculation of
the average value C ;- of the correlation coefficients by the
correlation coefficient average unit 21 and the calculation of
the value M multiplied by the multiplier 31, thereby executing
the generation of a quality indication QG by the quality indi-
cation generator 10 based on the calculated values obtained.
Consequently, the quality indication QG generated using the
values that belong to the type selected by the operator is
displayed on the display unit 7.

[0108] The operator may perform the input of instructions
through the operation unit 12 to thereby change the type of
value temporarily selected out of the calculated value Y, the
average value C ,-of the correlation coefficients and the mul-
tiplied value M. By performing the changeover instruction
input through the operation unit 12, a quality indication QG
generated using values that belong to the newly-selected type
is displayed on the display unit 7.

[0109] According to the ultrasonic diagnostic apparatus 40
of the present embodiment, the quality indication QG gener-
ated using the calculated Y obtained at the ratio calculator 9,
the quality indication QG generated using the average value
C;-of the correlation coefficients obtained at the correlation
coefficient average unit 21 and the quality indication QG
generated using the multiplied value M obtained at the mul-
tiplier 31 can be displayed by switching. It is therefore pos-
sible to evaluate from a broader standpoint than conventional
one whether an elastic image on which the elasticity of a
biological tissue has been reflected accurately, is brought
about.

[0110] Although the invention has been explained by the
respective embodiments as above, the invention can of course
be changed in various ways within the scope not departing
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from the gist thereof. For example, the physical quantity
calculator 51 may calculate distortion of a biological tissue or
its elastic modulus as a physical quantity related to the elas-
ticity of the biological tissue instead of the displacement due
to the deformation of the biological tissue.

[0111] The ratio calculator 9 calculates only the ratio Ra
and may not perform the arithmetic operation of (equation
(1)). In this case, the quality indication generator 10 may
generate a graph gr formed by plotting the ratio IRal as each
quality value Qn, as the quality indication QG.

[0112] One example of a quality indication QG formed by
plotting the ratio IRal as the quality value Qn and displayed on
the display unit 7 is shown in FIG. 17. In FIG. 17, the hori-
zontal axis indicates time, and the vertical axis indicates a
ratio |Ral. As shown in FIG. 17, aband-like portion O may be
disposed in a predetermined range in which the ratio IRal is
near 1. The band-like portion O is set to within a range of a
ratio [Ral at which an elastic image EG on which the elasticity
of a biological tissue has been reflected accurately is
obtained. If the operator performs pressure to the biological
tissue by the ultrasonic probe 2 and its relaxation in such a
manner that the quality indication QG falls within the band-
like portion O by displaying such a band-like portion O, it is
then possible to obtain an elastic image on which the elasticity
of the biological tissue has been reflected accurately.

[0113] The quality indication QG is not limited to one
comprised of the graph gr, but may be one comprised of a bar
B as shown in FIG. 18, for example. The bar B is equivalent
to a value (0=Qn=1) of the quality value Qn in vertical
length and expands and contracts in the vertical direction with
a change in the quality value Qn.

[0114] The bar B may be one that changes in color accord-
ing to the quality value Qn, which is other than one that
expands and contracts in the vertical direction according to
the quality value Qn.

[0115] In addition, the quality indication QG may be dis-
played on the display unit 7 in numeric values. Further, the
quality value Qn is not limited to one represented as the
quality indication QG. For example, there may be provided a
speaker (not shown) for producing the quality value Qn as a
sound. The speaker is one example illustrative of an embodi-
ment of a notification unit in the invention. In this case, the
high and low levels of the quality value Qn are expressed in
the pitch of a sound.

[0116] Many widely different embodiments of the inven-
tion may be configured 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 embodi-
ments described in the specification, except as defined in the
appended claims.

1. An ultrasonic diagnostic apparatus comprising:

a physical quantity calculator configured to set correlation
windows to two echo signals obtained by transmission/
reception of ultrasound to and from a biological tissue
and different in time on the same sound rays and to
perform a correlation arithmetic operation between the
correlation windows to calculate physical quantities
related to elasticity of respective regions in the biologi-
cal tissue;

an elastic image data generator configured to generate elas-
tic image data of the biological tissue with respect to an
elastic image forming region of a transmission/reception
surface of the ultrasound based on the physical quanti-
ties;
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a physical quantity average unit configured to calculate an
average of the physical quantities in the elastic image
forming region for every frame;

a comparator configured to compare a value calculated by
the physical quantity average unit and a preset average
value of the physical quantities; and

a notification unit configured to indicate a result of com-
parison by the comparator.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the physical quantity average unit is configured to
calculate the average of physical quantities obtained with
respect to the correlation windows in which the correlation
arithmetic operation is performed using correlation coeffi-
cients each greater than or equal to a predetermined threshold
value.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein the comparator is configured to calculate, as the
result of comparison, a ratio of the value calculated by the
physical quantity average unit to the preset average value of
the physical quantities.

4. The ultrasonic diagnostic apparatus according to claim

2, wherein the comparator is configured to calculate, as the
result of comparison, a ratio of the value calculated by the
physical quantity average unit to the preset average value of
the physical quantities.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein results of comparisons obtained every frame by the
comparator are averaged over a plurality of frames and trans-
mitted to the notification unit.

6. The ultrasonic diagnostic apparatus according to claim
2, wherein results of comparisons obtained every frame by the
comparator are averaged over a plurality of frames and trans-
mitted to the notification unit.

7. The ultrasonic diagnostic apparatus according to claim
3, wherein results of comparisons obtained every frame by the
comparator are averaged over a plurality of frames and trans-
mitted to the notification unit.

8. An ultrasonic diagnostic apparatus comprising:

aphysical quantity calculator configured to set correlation
windows to two echo signals obtained by transmission/
reception of ultrasound to and from a biological tissue
and different in time on the same sound rays and to
perform a correlation arithmetic operation between the
correlation windows to calculate physical quantities
related to elasticity of respective regions in the biologi-
cal tissue;

an elastic image data generator configured to generate elas-
tic image data of the biological tissue with respect to an
elastic image forming region of a transmission/reception
surface of the ultrasound based on the physical quanti-
ties;

a correlation coefficient average unit configured to calcu-
late for every frame in the elastic image forming region
an average value of correlation coefficients at the corre-
lation arithmetic operation between the correlation win-
dows; and

a notification unit configured to indicate a result of calcu-
lation by the correlation coefficient average unit.

9. The ultrasonic diagnostic apparatus according to claim
8, wherein results of calculations obtained every frame by the
correlation coefficient average unit are averaged over a plu-
rality of frames and transmitted to the notification unit.
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10. An ultrasonic diagnostic apparatus comprising:

a physical quantity calculator configured to calculate
physical quantities related to elasticity of respective
regions in a biological tissue, based on two echo signals
obtained by transmission/reception of ultrasound to and
from the biological tissue and different in time on the
same sound rays;

an elastic image data generator configured to generate elas-
tic image data of the biological tissue with respect to an
elastic image forming region of a transmission/reception
surface of the ultrasound based on the physical quanti-
ties;

a physical quantity average unit configured to calculate for
every frame in the elastic image forming region an aver-
age value the of physical quantities obtained with
respect to correlation windows in which a correlation
arithmetic operation is performed using correlation
coefficients greater than or equal to a predetermined
threshold value;

a ratio calculator configured to calculate a ratio of a value
calculated by the physical quantity average unit to a
preset average value of the physical quantities;

a correlation coefficient average unit configured to calcu-
late for every frame an average in the elastic image
forming region an average value of the correlation coef-
ficients at the correlation arithmetic operation between
the correlation windows;

a multiplier configured to multiply the calculated value of
the ratio calculator and the calculated value of the cor-
relation coefficient average unit by each other; and

a notification unit configured to indicate a result of multi-
plication by the multiplier.

11. The ultrasonic diagnostic apparatus according to claim
10, wherein results of calculations obtained every frame by
the multiplier are averaged over a plurality of frames and
transmitted to the notification unit.

12. The ultrasonic diagnostic apparatus according to claim
10, wherein the multiplier is configured to perform a
weighted arithmetic operation on the calculated value of the
ratio calculator and the calculated value of the correlation
coefficient average unit.

13. The ultrasonic diagnostic apparatus according to claim
11, wherein the multiplier is configured to perform a
weighted arithmetic operation on the calculated value of the
ratio calculator and the calculated value of the correlation
coefficient average unit.

14. An ultrasonic diagnostic apparatus comprising:

a physical quantity calculator configured to calculate
physical quantities related to elasticity of respective
regions in a biological tissue based on two echo signals
obtained by transmission/reception of ultrasound to and
from the biological tissue and different in time on the
same sound rays;

an elastic image data generator configured to generate elas-
tic image data of the biological tissue in an elastic image
forming region of a transmission/reception surface of
the ultrasound based on the physical quantities;

a physical quantity average unit configured to calculate for
every frame in the elastic image forming region an aver-
age value of the physical quantities obtained with
respect to correlation windows in which a correlation
arithmetic operation is performed using correlation
coefficients greater than or equal to a predetermined
threshold value;
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a ratio calculator configured to calculate a ratio of a value
calculated by the physical quantity average unit to a
preset average value of the physical quantities;

a correlation coefficient average unit configured to calcu-
late for every frame in the elastic image forming region
an average value of the correlation coeflicients at the
correlation arithmetic operation between the correlation
windows;

a multiplier configured to multiply the calculated value of
the ratio calculator and the calculated value of the cor-
relation coefficient average unit by each other;

a notification unit configured to indicate at least one of a
result of calculation by the ratio calculator, a result of
calculation by the correlation coefficient average unit,
and a result of multiplication by the multiplier by
switching; and

an operation unit configured to input instructions for
switching to the notification unit.

15. The ultrasonic diagnostic apparatus according to claim

1, wherein the notification unit is configured to indicate the
result by at least any one of a graph, a bar, color, a numeric
value and a pitch of a sound.

16. The ultrasonic diagnostic apparatus according to claim
8, wherein the notification unit is configured to indicate the
result by at least any one of a graph, a bar, color, a numeric
value and a pitch of a sound.

17. The ultrasonic diagnostic apparatus according to claim
10, wherein the notification unit is configured to indicate the
result by at least any one of a graph, a bar, color, a numeric
value and a pitch of a sound.

18. The ultrasonic diagnostic apparatus according to claim
14, wherein the notification unit is configured to indicate any
one of the results by at least any one of a graph, a bar, color,
a numeric value and a pitch of a sound.

19. A method of generating an elastic image comprising the
steps of:
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setting correlation windows to two echo signals obtained
by transmission/reception of ultrasound to and from a
biological tissue and different in time on the same sound;

performing a correlation arithmetic operation between the
correlation windows to thereby calculate physical quan-
tities related to elasticity of respective regions in the
biological tissue;

generating elastic image data of the biological tissue with
respect to an elastic image forming region of a transmis-
sion/reception surface of the ultrasound based on the
physical quantities;

calculating an average of the physical quantities in the
elastic image forming region for every frame;

comparing a value calculated by the physical quantity aver-
age unit and a preset average value of the physical quan-
tities; and

indicating a result of comparison by the comparator.

20. A method of generating an elastic image comprising the

steps of:

setting correlation windows to two echo signals obtained
by transmission/reception of ultrasound to and from a
biological tissue and different in time on the same sound
rays and performing a correlation arithmetic operation
between the correlation windows to thereby calculate
physical quantities related to elasticity of respective
regions in the biological tissue;

generating elastic image data of the biological tissue with
respect to an elastic image forming region of a transmis-
sion/reception surface of the ultrasound based on the
physical quantities;

calculating for every frame in the elastic image forming
region an average value of correlation coefficients at the
correlation arithmetic operation between the correlation
windows; and

indicating a result of calculation by the correlation coeffi-
cient average unit.
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