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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD OF ACQUIRING
ULTRASONIC ELASTIC IMAGE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for acquiring a tomogram concerning a diag-
nostic site in an examinee by using ultrasonic waves, and
particularly to a technique of acquiring an elastic image rep-
resenting hardness or softness of the diagnostic site.

BACKGROUND ART

[0002] A conventional general ultrasonic diagnostic appa-
ratus is constructed by ultrasonic wave transmitting/receiving
means for transmitting and receiving ultrasonic waves
to/from an examinee, tomogram acquiring means for repeti-
tively acquiring tomogram data in the examinee containing a
moving tissue at a predetermined period by using a reflection
echo signal received by the ultrasonic wave transmitting/
receiving means, and image display means for displaying
time-series tomograms acquired by the tomogram acquiring
means. The ultrasonic diagnostic apparatus is configured to
display morphological information of a biomedical tissue in
the examinee as a B mode image (tomogram) or an M mode
image on image display means.

[0003] It has been recently proposed in the conventional
general ultrasonic diagnostic apparatus that strain or elastic-
ity is measured by using plural tomograms of a biomedical
tissue of a diagnostic site, and also an elastic image based on
the measurement result is displayed on image display means.
A technique disclosed in the following patent document 1 is
known as an ultrasonic diagnostic apparatus configured to
display an elastic image.

[0004] The patent document 1 discloses an example in
which an elastic image of a blood vessel wall is acquired by
using the fact that the blood vessel wall itself moves without
applying pressure from the external thereto due to repetitive
expansion and contraction of the blood vessel in accordance
with a periodical variation of the pressure in the blood vessel
of carotid artery which is caused by pulsation of a heart.
Particularly, the elasticity of the blood vessel wall is calcu-
lated by using the maximum value of the strain amount.
Furthermore, a stiffness parameter as one kind of an elastic
coefficient is calculated by using the maximum and minimum
values of the diameter of the artery.

[0005] Patent Document 1: JP-A-2000-229078

[0006] In general, in order to acquire an elastic image from
plural tomograms stably, it is required that the displacement
amount of the biomedical tissue is equal to some degree or
more among the plural tomograms. This is because the dis-
placement amount can be stably detected when the displace-
ment amount of the biomedical tissue is large.

[0007] The pressure variation in the blood vessel is derived
from the pulsation of the heart, and the pressure in the blood
vessel rapidly increases and the blood vessel sharply expands
during the period when blood is strongly ejected from the
heart into the artery. Therefore, the displacement of the blood
vessel wall is also quick, and thus this period is suitable to
acquire an elastic image of the blood vessel wall.

[0008] However, as disclosed in the Patent Document 1,
according to the method for obtaining elasticity information
by using the maximum value of the strain amount and the
maximum and minimum values of the diameter of the artery,
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thereby imaging elastic images, the elastic images of the
blood vessel wall are at most intermittently obtained, and
valuable image information is not sufficiently actively used
for diagnosis.

DISCLOSURE OF THE INVENTION

[0009] The present invention has an object to provide an
ultrasonic diagnostic apparatus and an elastic image acquir-
ing method that can stably acquire an elastic image of high
image quality in accordance with a displacement amount of a
moving tissue when the elastic image of the moving tissue is
acquired.

[0010] In order to attain the above object, the ultrasonic
diagnostic apparatus ofthe present invention is constructed as
follows. That is, the ultrasonic diagnostic apparatus is char-
acterized by comprising: an ultrasonic probe for transmitting/
receiving ultrasonic waves to/from a site containing a moving
tissue of'an examinee; ultrasonic wave transmitting means for
outputting an ultrasonic wave signal for driving the ultrasonic
probe; morphological image acquiring means for acquiring a
morphological image representing morphological informa-
tion of the site containing the moving tissue from a reflected
echo signal received by the ultrasonic probe; elastic image
acquiring means for acquiring an elastic image representing
elastic information of the site containing the moving tissue by
using a plurality of morphological image data; displacement
amount detecting means for detecting a displacement amount
of the moving tissue by using the morphological image data;
and selecting means for selecting an elastic image acquiring
period on the basis of the displacement amount, wherein the
elastic image acquiring means acquires an elastic image dur-
ing the selected period.

[0011] Furthermore, in order to attain the above object, a
method of acquiring an ultrasonic elastic image is constructed
as follows. That is, a method of acquiring an ultrasonic elastic
image of a site containing a moving tissue of an examinee is
characterized by comprising:

[0012] (a) a step of acquiring a morphological image rep-
resenting morphological information of the site containing
the moving tissue;

[0013] (b) a step of acquiring an elastic image representing
elastic information of the site containing the moving tissue by
using a plurality of morphological image data; and

[0014] (c) a step of repeating the steps (a) and (b), wherein
in the elastic image acquiring step, a displacement amount of
the moving tissue is detected by using the morphological
image data, and an elastic image acquiring period is selected
on the basis of the displacement amount.

[0015] According to the present invention, when the elastic
image of the moving tissue is acquired, the acquisition of the
elastic image is controlled in accordance with the displace-
ment amount of the moving tissue, whereby an elastic image
having high image quality can be stably acquired.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0016] An embodiment of an ultrasonic diagnostic appara-
tus according to the present invention will be hereunder
described with reference to the drawings. FIG. 1 is a block
diagram showing an embodiment of the ultrasonic diagnostic
apparatus according to the present invention.

[0017] Theultrasonic diagnostic apparatus according to the
present invention comprises transmitting means 1 for gener-
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ating ultrasonic waves to be transmitted to an examinee, a
probe 3 for transmitting/receiving ultrasonic waves while the
probe is brought into contact with the examinee, receiving
means 4 for amplifying a reflected echo signal of the ultra-
sonic waves transmitted from the probe 3, transmission/re-
ception separating means 2 for switching transmission and
reception of the ultrasonic waves, phasing addition means 5
for subjecting the received reflected echo signal to phasing
addition, monochromatic signal processing means 6 for cal-
culating signal intensity of a biomedical tissue with respect to
an output signal of the phasing addition means 5, monochro-
matic signal information converting means 7 for constructing
an ultrasonic monochromatic tomogram, saving means 10 for
saving plural frames corresponding to the output signal of the
phasing addition means 5 on a frame basis, elasticity calcu-
lating means 11 for measuring the displacement amount of
the biomedical tissue from RF frame data corresponding to
the output signal from the saving means 10 to calculate elas-
ticity or strain, color signal information exchanging means 12
for constructing ultrasonic elastic image data corresponding
to the output signal of the elasticity calculating means 11 as a
color image, switching addition means 8 for superposing the
output signals of the monochromatic signal information con-
verting means 7 and the color signal information exchanging
means 12 and displaying the superposition signal, biomedical
signal analyzing means 17 for processing a biomedical signal
detected by using an electrode clip 18 for detecting an elec-
trocardiogram of the examinee, time measuring means 16 for
measuring a time difference from any reference time point in
an electrocardiographic wave, and ultrasonic control means
13 for controlling the respective means to control transmis-
sion/reception of ultrasonic waves.

[0018] Furthermore, the ultrasonic diagnostic apparatus
according to the present invention further comprises display
means 9 for displaying superposed ultrasonic monochro-
matic tomogram and ultrasonic elastic image, an operating
table 15 for executing various kinds of operations of the
ultrasonic diagnostic apparatus such as various measure-
ments, mode switching, etc., and ultrasonic system control
means 14 for controlling the overall system of the ultrasonic
diagnostic apparatus on the basis of control information input
through the operation table 15.

[0019] As notshown, the ultrasonic diagnostic apparatus of
the present invention is equipped with a pressure sensor (not
shown) for measuring the pressure applied to the examinee.
Fach of the means described above will be described hereun-
der with reference to FIGS. 1 t0 15.

[0020] First, transmission/reception of ultrasonic waves
which is generally known in the ultrasonic diagnostic appa-
ratus will be described.

[0021] The transmitting means 1 has the function of gener-
ating a transmission wave pulse for driving the probe 3 to
generate ultrasonic waves and also setting the convergent
point of the transmitted ultrasonic waves to some depth. The
probe 3 is formed by disposing plural ultrasonic oscillators.
The probe 3 has the function of carrying out beam scanning
electrically to transmit/receive ultrasonic waves to/from an
examinee through the oscillators. The receiving means 4 has
the function of amplifying a reflected echo signal received by
the probe 3 at a predetermined gain to generate an ultrasonic
signal. The phasing addition means 5 has the function of
receiving the ultrasonic reception signal amplified by the
receiving means 4 and then executing phase control on the
received signal. The phasing addition means 5 has the func-
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tion of forming ultrasonic beams converged to plural conver-
gent points and generating an RF signal as ultrasonic raw
data.

[0022] Next, the construction of the ultrasonic monochro-
matic tomogram will be described.

[0023] The monochromatic signal processing means 6 has
the function of receiving the RF signal from the phasing
addition means 5 and executing various kinds of signal pro-
cessing such as gain correction/log compression/wave detec-
tion/edge enhancement/filter processing, etc. onthe RF signal
to acquire ultrasonic monochromatic tomogram data. The
monochromatic signal information exchanging means 7 is a
so-called scan converter, and it is constructed by an A/D
converter (not shown) for converting tomogram data from the
monochromatic signal processing means 6 to a digital signal,
a frame memory (not shown) for storing plural converted
tomogram data in time-series style, and a control controller
(not shown).

[0024] The monochromatic signal information exchanging
means has the function for acquiring tomographic RF frame
data of the examinee stored in the frame memory as one
image and reading out the acquired tomographic RF frame
data under TV-synchronization. The data read out in the
monochromatic signal information exchanging means 7 is
displayed on the display means 9 through the switching addi-
tion means 8.

[0025] The switching addition means 8 has the function of
determining an addition rate of an ultrasonic monochromatic
tomogram constructed by the monochromatic signal infor-
mation exchanging means 7 and an ultrasonic elastic image
described later when the ultrasonic monochromatic tomo-
gram and the ultrasonic elastic image are superposed on
(combined with) each other. An addition method will be
descried. In general, when an addition coefficient is repre-
sented by a, it is determined by the following equation.

Pix_Sum(ij)=a-Pix_B(j}+(1-0)Pix_Sij) 1)

Here, (i,j) represents the coordinate of a pixel, Pix_Sum(i,j)
represents the pixel value after superposition, Pix_B(i,j) rep-
resents the pixel value of a monochromatic tomogram, and
Pix_S(i,j) represents the pixel value of an elastic image. The
tomogram image and the elastic image may be separately
displayed without being superposed.

[0026] As shown in FIG. 13, the saving means 10 com-
prises a frame memory 105 for storing the RF signal from the
phasing addition means 5 by the amount corresponding to
plural frames, and a frame memory controller 10a for con-
trolling writing/reading into/from the frame memory 104.
The output from the phasing addition means 5 is continuously
carried out while ultrasonic waves are transmitted/received.
The frame memory controller 10a has the function of con-
trolling the frame memory 105 to time-sequentially repeat
saving and renewal of RF frame data (which is an RF signal
data group ofone frame and equivalent to tomogram data). As
described later, when time differences t1, t2 are measured in
the time measuring means 16, a read-out signal of data is
output from the time measuring means 16 to the saving means
10, and on the basis of the this data read-out signal, the frame
memory controller 10a outputs a read-out signal to the frame
memory 105 to transfer the RF frame data to the elasticity
calculating means 11 at the rear stage.

[0027] As shown in FIG. 11, the elasticity calculating
means 11 is constructed by a tissue displacement amount
calculator 11a, an elasticity/strain calculator 115 and an elas-
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ticity data analyzer 11c. The tissue displacement amount
calculator 11a has the function of calculating the displace-
ment amount of a biochemical tissue from one set of RF frame
data output from the saving means 10 on the basis of the
read-out signal.

[0028] For example, one-dimensional or two-dimensional
correlation processing is executed from RF frame data (N)
and RF frame data (X) to obtain the displacement and moving
vector of the biomedical tissue corresponding to each point of
the tomogram, that is, a one-dimensional or two-dimensional
displacement distribution concerning the direction and
degree of the displacement. Here, the moving vector is
detected by using a block matching method. According to the
block matching method, an image is divided into blocks each
of which includes KxL pixels, and attention is paid to a block
in an interested area. A block which is closest to the interested
block is searched from another RF frame data, and prediction
coding is executed by referring the searched block. That is,
the processing of determining a sample value on the basis of
the difference is executed.

[0029] The elasticity/strain calculator 115 has the function
of calculating elasticity/strain on the basis of the one-dimen-
sional or two-dimensional displacement distribution calcu-
lated by the tissue displacement amount calculator 11a. For
example, when the displacement calculated by the tissue dis-
placement amount calculator 11a is represented by AL and
the pressure measured by a pressure sensor (not shown)
which can measure the pressure applied to an examinee is
represented by AP, the strain is calculated by spatially differ-
entiating AL (AL/Ax). Out of the elasticity, Young’s modulus
Ym is calculated according to the equation: Ym=(AP)/(AL/
L). Young’s modulus means the ratio between the tensile
stress applied to an object and strain occurring in parallel to
the tension, and represents the physical absolute value. Elas-
tic image data representing the two-dimensional distribution
of the strain and the elasticity (Young’s modulus Ym) thus
determined is achieved.

[0030] The elasticity data analyzer 11c¢ has the function of
executing the processing for enabling proper elasticity data to
be stably displayed on the display means 9 on the basis of the
elasticity data calculated in the elasticity/strain calculator
115. An example of the stabilizing processing in the elasticity
data analyzer 11c¢ will be described. That is, a method of
generating proper elastic RF frame data will be described.
[0031] Itis generally known that an excellent strain image
is achieved when pressurization or depressurization is applied
in one set of RF frame data to the extent that 1% strain occurs.
In this invention, plural sets of RF frame data are mixed with
RF frame data in which only a displacement providing a
calculated strain average value less than a half of 1% (for
example, this value is set as a threshold value) is applied, the
RF frame data concerned is rejected. Accordingly, an elastic
image calculated by using only RF frame data to which a
proper press amount is added is displayed on the display
means 9. As another stabilizing method, smoothing process-
ing is executed on continuously calculated elasticity data in
the time direction, whereby the linkage of continuously dis-
played frames is improved.

[0032] The color signal information exchanging means 12
has the function of converting the elasticity data from the
elasticity data analyzer 11c¢ to hue information. That is, it has
the function of converting the elasticity data to three primary
colors of light, that is, red (R), green (G) and blue (B) on the
basis of the elasticity data. For example, elastic data having
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small strain is converted to a blue code at the same time when
elastic data having large strain are converted to a red code.
Red(R), Green(G) and Blue (B) are assumed to have 256
gradations, and 255 is assumed to represent large brightness.
Conversely, 0 is assumed to mean no display.

[0033] Next, the control of the ultrasonic diagnostic appa-
ratus will be described.

[0034] The ultrasonic control means 13 executes the con-
trol associated with transmission/reception of ultrasonic
waves, and has the function of executing the essential control
of the ultrasonic diagnostic apparatus such as the control of
wave transmission timing in each mode, the sequence control,
distribution of synchronization signals and clocks to each
signal processing means, etc. In FIG. 1, illustration of lines
representing the flow of control signals from the ultrasonic
control means 13 to other means is omitted.

[0035] Theultrasonic system control means 14, the display
means and the operating table 15 have the function of a
so-called personal computer. Specifically, it has the function
of controlling the overall system of the ultrasonic diagnostic
apparatus, that is, the function of controlling a part con-
structed by hardware and a part controlled by software. In
FIG. 1, illustration of lines representing the flow of control
signals from the ultrasonic system control means 14 to the
other respective means is omitted.

[0036] The display means 9 has the monitor function of
displaying ultrasonic images such as a monochromatic tomo-
gram (B mode image), an M mode image, an elastic image,
etc. The operating table 15 has the function of playing a role
like a keyboard for executing various kinds of operations. As
shown in FIG. 12, the operating table 15 is provided with a
freeze button 154, a caliper start button 155, a track ball 15¢,
an enter button 154, an automatic measuring button 15e, etc.

FIRST EMBODIMENT

[0037] Next, a first embodiment of the present invention
will be described. In this embodiment, selection of the elastic
image acquiring period and control of the elastic image
acquiring frequency are performed in accordance with the
displacement of a blood vessel wall which is caused by heart
pulsation. The displacement of the blood vessel wall is
detected by using an M mode image, for example. Firstly, a
time measuring means 16 and a biomedical signal analyzing
means constituting a living body motion detecting means 19
will be described.

[0038] The biomedical signal analyzing means 17 has the
fanction of taking in a biomedical signal occurring in an
examinee and displaying it as an electrocardiogram on the
display means 9. In general, when an electrocardiogram is
measured, an electrode clip 19 is mounted on each of a wrist
and an ankle of the examinee for measurement, and an elec-
trical exciting state occurring between the superior aorta
called as an auricular node of cardiac muscle and the right
atrium is recorded as a potential difference (voltage) varia-
tion.

[0039] FIG. 2 shows a generally measured electrocardio-
gram. Respective places on the electrocardiogram shown in
FIG. 2 are named as P, Q, R, S, T, and they represent the
following operations of the heart. That is, they are discrimi-
nated from one another so that P wave represents the contrac-
tion stage of the atrium, QRS wave represents the contraction
stage of the ventricle, and T wave represents the state under
which the heart is returned to the original state.
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[0040] The time measuring means 16 is connected to the
biomedical signal analyzing means 17 so that an electrocar-
diographic wave from the biomedical signal analyzing means
17 is input to the time measuring means 16, and has the
function of detecting an R time point from the input electro-
cardiographic wave. Furthermore, the time measuring means
16 outputs the data read-out signal from the data transfer
signal output portion 164 to the saving means 10 so that the
RF frame data at the time point having a desired time differ-
ence from the detected R time point are transferred from the
saving means 10 to the elasticity calculating means 11. In this
case, the data read-out signal is not output at the R time point
which appears every time, but the data read-out signal is
assumed to be output at each in-circle R (a symbol of R
surrounded by a circle in FIG. 6) time point which is located
at every other R time point.

[0041] Next, the electrocardiogram and the blood vessel
wall will be described.

[0042] FIG.3isaschematic diagram of an ultrasonic image
when the probe 3 is brought into contact with the carotid
artery of the examinee as shown in (a) and an ultrasonic
tomogram (B mode image, at the left side of (b)), an M mode
image (at the right side of (b)) and electrocardiographic
waves (at the lower right side of (b)) are displayed at the same
time. Furthermore, FIG. 4 is an enlarged view of a right half
portion of FIG. 3(b). FIG. 3(b) and FIG. 4 show a B mode
image and an M mode image containing the upper and lower
walls of the blood vessel, an electrocardiogram, a cursor, etc.
Particularly, the electrocardiographic waves are displayed ata
substantially constant interval in synchronism with heartbeat
of the examinee. Furthermore, FIG. 3(c) shows a display
example in which the elastic image is superposed on the
ultrasonic tomogram. In FIG. 3(c), an elastic image display
ROI is set in the ultrasonic tomogram of (b) diagram (at the
left side of (b)) and the elastic image is determined in ROT and
superposed on the ultrasonic tomogram. In order to make the
following description simple, the R time point of the electro-
cardiogram (the position representing the R wave) is set as a
reference point for the measurement although it is not par-
ticularly limited.

[0043] After the ultrasonic image as shown in FIG. 3(?) is
displayed on the display means 9, a user freezes the ultrasonic
image by using the freeze button 15¢ of the operation table 15.
It is confirmed in the post-freeze ultrasonic image that a
maximum expansion stage at which the blood vessel wall of
the carotid artery expands at the maximum appears at the
contraction stage of the cardiac ventricle, that is, after a fixed
time difference from the R time point which is the pump-out
timing of blood from the heart into the whole body (the time
point of (1) of FIG. 4). This is because there exists a distance
between the heart pumping out blood and the carotid artery as
a target. Thereafter, the blood amount in the blood vessel
decreases gradually, and thus the blood vessel enters the
contraction stage. The place at which the blood vessel wall
has completely contracted is the contraction end stage (the
place of (2) of FIG. 4). The same phenomenon repeats at a
cardiac cycle in an real-time ultrasonic wave image. Further-
more, the same phenomenon occurs in other arteries without
limiting to the carotid artery.

[0044] Inconsiderationofthe foregoing description will be
described a first example of this embodiment in which a
period for which a moving tissue is rapidly displaced is
selected and an elastic image is achieved by using the RF
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frame data (that is, data equivalent to a tomogram) of the
period concerned, thereby acquiring a stable elastic image.

[0045] For example, the period from the time point of the
contraction end stage of the artery till the time point of the
maximum expansion stage is selected, and elastic images are
continuously acquired by using the RF frame data of that
period. For example, as shown in FIG. 4, a stable elastic
image is acquired in a period y for which the blood vessel wall
is rapidly displaced in one heartbeat. In order to satisfy this,
an elastic image is calculated by using RF frame data which
are as continuous (adjacent) as possible on the time axis
during the period y.

[0046] A first example of this embodiment will be
described in detail by using an example of acquiring an elastic
image of a blood vessel wall displaced due to pulsation of the
heart as an example of the moving tissue.

[0047] First, in FIG. 4, the R time point is set as a reference,
and the time difference between the reference point R and
each of the time point a of the contraction end stage just close
to the reference point R and the time point b of the maximum
expansion stage is measured (the reference point is not nec-
essarily set to the R time point as described above). Subse-
quently, the time measuring means 16 outputs the data read-
out signal to the saving means 10 so that the RF frame dataare
transferred from the saving means 10 to the elasticity calcu-
lating means 11 during the period between the time point a of
the contraction end stage and the time pointb of the maximum
expansion stage which are measured from the detected R time
point. The elasticity calculating means 11 executes the cal-
culation of the elastic image by using the RF frame data ofthis
period. The elastic image acquired by the calculation is dis-
played on the display means 9 through the color signal infor-
mation exchange means 12 and the switching adding means
8. AS described above, elastic images are continuously
acquired during the period for which the blood vessel wall is
rapidly displaced.

[0048] Here, two methods of measuring a desired time
point such as the time point a and the time point b of FIG. 4
will be described.

[0049] As a first method of measuring a desired time point,
a manual measurement method of the present invention and
an example of the time measuring means 16 for enabling the
above method will be described.

[0050] FIG. 5 shows an example of the construction of the
time measuring means 16. The time measuring means 16 is
equipped with a selector 16« for selecting a measuring mode,
a manual measuring unit 165, an automatic measuring unit
16¢, and a data transfer signal output unit 164. The manual
measuring unit 16 and the automatic measuring unit 16¢ are
connected to each other in parallel.

[0051] AT the manual measuring time, the manual measur-
ing unit 165 is selected by the selector 164 in the time mea-
suring means 16, and the time difference between the time
point a and the R time point as a reference as shown in FIG. 4,
and the time difference between the time point b and the R
time point are measured. In general, the ultrasonic diagnostic
apparatus has the function of measuring the distance between
two points and measuring the time from an image after freeze
by using a caliper (cursor), and this function is utilized in the
measurements for various kinds of diagnosis. The same mea-
suring method as described above is also used in the manual
measuring unit 165 according to the present invention. A start
point and an end point are determined by using the caliper
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after an image to be measured is determined, and the time
between the start point and the end point is measured.
[0052] The measuring procedure of the manual measure-
ment will be described with reference to FIGS. 6 and 7. FIG.
6 is a diagram at the manual measurement time, and FIG. 7 is
a flowchart. The acquisition of the elastic image on the basis
of the selection of the acquisition period of the elastic image
by using the manual measurement method is carried out in
only the freeze mode.

[0053] After an ultrasonic image to be measured is deter-
mined (S70), the ultrasonic image is frozen by the freeze
button 15a of the operation table 15 (S71). At this time, the
caliper is started by the caliper start button 156 of the opera-
tion table 15 (S72). The start point 1 of the caliper is moved to
the R time point of the electrocardiogram by using the track
ball 15¢(S73), and the start point 1 is determined by the enter
button 154 of the operation table 15 (S74). Thereafter, the
caliper is moved to a place at which the interval of the blood
vessel wall is most contracted (contraction end stage) (S75),
and the end point 1 is determined (t1 of FIG. 6, S76). The time
t1 between the determined start point 1 and end point 1 is
measured (S77). Furthermore, the caliper is moved to the R
time point of the electrocardiogram, that is, the position of the
start point 2 by the track ball (S78), and the start point 2 is
determined to the R time point of the electrocardiogram
(879). The caliper is moved to a place which the blood vessel
wall is most expanded (maximum expansion stage) (S80),
and the end point 2 is determined (t2 of FIG. 6, S81). The time
2 between the determined start point 2 and end point t2 is
measured (S82).

[0054] Through the above operation, the time differences
tl, t2 at the two places of the contraction end stage and
maximum expansion stage of the blood vessel wall with
respect to the R time point of the electrocardiogram are mea-
sured. The measured time differences t1, t2 are displayed at
the lower portion of the screen (t1=Xsec, 12=Ysec).

[0055] The measuring timing is not limited to the above t1,
t2. That s, the contraction end stage and the maximum expan-
sion stage may be set to t2, t1. Furthermore, another measur-
ing timing may be set between the contraction end stage and
the maximum expansion stage.

[0056] Next, an automatic measuring method ofthe present
invention as a second method for measuring a desired time
point and an example of the time measuring means 16 for
implementing this method will be described. Acquisition of
an elastic image based on the selection of the elastic image
acquiring period by using the following automatic measuring
method may be performed in each of the real-time mode and
the freeze mode, and the measuring method in the freeze
mode will be described below.

[0057] FIG. 8 shows the automatic measuring method.
According to the automatic measuring method, the distance D
inside the blood vessel with the R time point of the electro-
cardiogram set as a reference is automatically measured at a
fixed interval, and the time differences at the places corre-
sponding to the minimum distance Dmin and the maximum
distance Dmax are automatically extracted. As in the case of
the manual measurement, the user selects the automatic mea-
suring unit 16¢ by the selector 164, and a screen to be mea-
sured is determined, a measuring range A as shown in FIG. 8
is set by the caliper starting button 155 of the operation table
15. After the measuring range A is set, the mode is shifted to
an automatically measuring mode of several seconds by the
automatically measuring button 15¢ of the operation table 15.
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In this automatically measuring mode, some R time point is
set as a reference, and then the distance between the upper and
lower walls of the blood vessel between the reference R time
point and the subsequent R time point is measured. The mea-
surement is carried out every in-circle R (a symbol of R
surrounded by a circle in FIG. 8) which is located at every
other R time point as in the case of the manual measurement
although it is not particularly limited.

[0058] An example of the automatic measurement of the
distance D in the blood vessel will be described with refer-
ence to FIGS. 9to 11.

[0059] As a method of measuring the distance D in the
blood vessel, the distance D may be measured by using the
difference in brightness value in the measuring range A, for
example. FIG. 9 shows a brightness value distribution in the
depth direction from the Start time point to the End time point
in the measuring range A of FIG. 8. The ordinate axis of the
brightness value distribution represents the brightness value,
and the abscissa axis represents the distance in the depth
direction from the Start time point to the End time point. In
FIG. 9, it is generally known that the upper and lower walls
and inner membrane of the blood vessel provide high bright-
ness. The brightness value of these portions is near to 255. An
area having an extremely low brightness value exists between
the upper and lower walls and the inner membrane.

[0060] The differential value of the brightness value is cal-
culated according to the following equation from the Start
time point to the End time point in the depth direction.

Pix_sub=IPix(n)-Pix(#+1)l @

(n represents an integer)

Two places at which the brightness value or the difference
value between the upper wall and the inner membrane is
extremely large appear in the neighborhood of the upper wall
of the blood vessel. This will be described with reference to
FIG. 10 and the following equations (3) and (4). FIG. 10(a) is
an enlarged view of the neighborhood of the upper wall of the
blood vessel in FIG. 9. When the pixel values of a point of
interest (a place where the brightness value is extremely
large) are represented by Pix(n), Pix(n+1), Pix(n+A), Pix(n+
A+1) (A represents a natural number) and the threshold value
is represented by P, the difference value of the brightness
value is represented by the following equations. In the fol-
lowing equations, the place (n+A+1) corresponding to (3), (4)
is set as a start point. The threshold value f is not uniquely
determined, but freely changeable.

Pix_sub1=Pix(#)-Pix(n+1)|—=(Pix_subl>f) (3)
Pix_sub2=Pix(n+A)-Pix(n+A+1)|—(Pix_sub2>p) 4
[0061] Two places at which the brightness value or the

difference value between the inner membrane and the lower
wall is extremely large also appear in the lower wall of the
blood vessel. This will be likewise described by using FIG.
10(b) and the following equations (5), (6). The pixel values at
a point of interest (a place where the brightness value is
extremely large) are represented by Pix(q), Pix(q+1), Pix(q+
), Pix(q+J+1) (O represents a natural number) and the
threshold value is represented by f3, and the difference value
of the brightness value is calculated as follows. The place (q)
shown in the following equations (5), (6)is setas an end point.
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The threshold value f is not uniquely determined, but freely
changeable.

Pix_sub3=Pix(g)-Pix(g+1)|—=(Pix_sub3>f) 3
Pix_sub4=Pix(q+1)-Pix(g+[J+1)I—=(Pix_sub4>f) (6)
[0062] Through the above operation, the start point and the

end point are determined. The above calculation in the depth
direction is repeated while shifting the calculation line in the
time direction (lateral direction), thereby measuring the dis-
tances Dmax and Dmin of FIG. 8(a).

[0063] The start point and the end point of the calculation
line can be defined as follows. For example, the motion of the
blood vessel wall from the time point of R1 as one R wave
shown in FIG. 8(5) till the time point of R2 as the next R wave
is considered in detail. The contraction end stage of the blood
vessel comes afier the period (c-d) from R2, and the pulsation
substantially falls into the contraction end stage from ¢ point
to dpoint, and thus no remarkable difference appears between
the blood vessel walls in this section. Therefore, the R2 point
can be set to the end point of the automatic measurement. The
distance between the blood vessel walls is first reduced at d=a
point. Therefore, the a point is set to the start point, and the
period from the a point to the end point R2 can be set to a
period effective to the measurement.

[0064] Finally, the R time point is set as a reference, and the
time difference t1, t2 between the R time point and the time
point at which the distance D between the blood vessel walls
is equal to Dmin, Dmax is calculated, whereby the automatic
measurement can be performed.

[0065] As described above, the automatic measurement is
carried out in the freeze mode, and elastic images can be
continuously acquired for the period between the time points
at which the distance D between the blood vessel walls is
equal to Dmin and Dmax.

[0066] On the other hand, in the real-time mode, the pro-
cessing of the automatic measuring method described above
is repeated for the adjacent R-R period. That is, every adjacent
R-Rperiod, the time points at which the distance D between
the blood vessel walls is equal to Dmin, Dmax are detected
and the time differences t1, t2 from the reference time point
(normally, it is set to the first R time point) for the adjacent
R-R period are calculated. Furthermore, elastic images con-
tinuous for the period between the time points at which the
distance D between the blood vessel walls is equal to Dmin,
Dmax are repetitively acquired every adjacent R-R period.
[0067] It is possible to acquire singular time points in one
heartbeat by any one of the manual measuring method and the
automatic measuring method. An elastic image is acquired by
using RF frame data having a large displacement amount
between these singular time points, whereby an elastic image
having high image quality can be stably acquired.

[0068] Next, an example of stably acquiring an elastic
imagehaving high image quality by controlling the extraction
frequency of the elastic image in accordance with the dis-
placement amount of the moving tissue will be described as a
second example of this embodiment.

[0069] For example, the extraction frequency of the elastic
image is increased/reduced in accordance with the displace-
ment amount of the moving tissue. Alternatively, a first period
for which the displacement of the moving tissue is steep and
a second period for which the displacement of the moving
tissue is more moderate than that of the first period are
selected, and the acquiring frequency of the elastic image in
the first period is set to a larger value than the second period.
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[0070] This example can be performed in each of the real-
time mode and the freeze mode, and the example in the freeze
mode will be described hereunder.

[0071] In the second example, the automatic measuring
method described in the first example is put into practical use,
and the second embodiment will be described with reference
to FIG. 8. First, as in the case of the automatic measuring
method described in the first example, the user selects the
automatic measuring unit 16¢ by the selector 16a of the time
measuring means 16, and a screen to be measured is deter-
mined. Thereafter, a measuring range A as shown in FI1G. 8 is
set by the caliper start button 1556 of the operation table 15.
After the measuring range A is set, the mode is shifted to the
automatic measuring mode of several seconds by the auto-
matic measuring button 15e of the operation table 15. The
automatic measuring method of the distance D in the blood
vessel which is carried out in the automatic measuring mode
is the same as the automatic measuring method described in
the first example, and thus the description thereof is omitted.
[0072] The automatic measuring unit 16¢ calculates the
differential value of the distance D in the blood vessel which
is calculated every calculation line, and the differential value
is set as the displacement amount of the blood vessel wall
between adjacent lines. For example, the differential value
A(N, N+1)between the distance D(N) in the blood vessel of a
reference calculation line N and the distance D(N+1) in the
blood vessel of a comparative calculation line (N+1) is cal-
culated. Here, the blood vessel wall is sharply displaced for
the period a-b shown in FIG. 8(5), and thus this period has a
large displacement amount of the blood vessel wall. On the
other hand, the blood vessel wall is moderately displaced for
the period b-¢ shown in FIG. 8(5), and thus this period has a
small displacement of the blood vessel wall.

[0073] Therefore, if the calculated difference A(N, N+1) is
equal to a predetermined threshold value K or more, the
period is regarded as the period a-b (first period), and the data
transfer signal output unit 164 outputs a data read-out signal
to the saving means 10 so that the RF frame data correspond-
ing to the time points of the two calculation lines N, N+1 are
transferred from the saving means 10 to the elasticity calcu-
lating means 11. The elasticity calculating means 11 creates
an elastic image by using these two RF frame data.

[0074] On the other hand, if the calculated difference A(N,
N+1) is less than the predetermined threshold value K, the
period is regarded as the period b-d (second period), and the
difference A(N, N+2) between the distance D(N+2) in the
blood vessel of the next comparative calculation line N+2 and
the distance D (N) in the blood vessel of the reference calcu-
lation line N is calculated. This processing is repeated while
shifting the comparative calculation line until the calculated
differential value A is equal to the predetermined threshold
value K or more. An elastic image is created every time the
differential value A is equal to the predetermined threshold
value K or more. When the elastic image is created, the data
transfer signal output unit 164 outputs the data read-out signal
to the saving means 10 so that the RF frame data correspond-
ing to the time points of the two calculation line are trans-
ferred from the saving means 10 to the elasticity calculating
means 11 as described above, and the elasticity calculating
means 11 creates the elastic image by using these two RF
frame data.

[0075] After the elastic image is created, the same calcula-
tion is repeated on the next adjacent two calculation lines with
these calculation lines set as a reference calculation line and
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a comparative calculation line. Furthermore, when the next R
time point is detected, the same calculation is likewise
repeated on the adjacent two calculation lines with the calcu-
lation lines set as a reference calculation line and a compara-
tive calculation line.

[0076] However, the displacement amount of the blood
vessel wall is small for the period c-d from the R time point to
the contraction end stage shown in FIG. 8(5), and thus it is
possible to prohibit creation of'an elastic image in accordance
with the threshold value K. Alternatively, the calculated dis-
tance D in the blood vessel is reduced for the period c-d, and
thus calculated strain may be removed to prohibit creation of
the elastic image through the threshold value processing
using a strain average value by the elasticity analyzer 11¢
described above.

[0077] In the foregoing description, the displacement
amount of the blood vessel wall is compared with the thresh-
old value K to judge whether the period is the period a-b or the
period b-d, and the frequency of acquiring elastic images is
controlled. The elastic image acquisition may be controlled
by merely comparing the displacement amount and the
threshold value K without the judgment as to the period,
whereby the control of the elastic image acquiring frequency
in accordance with the displacement amount can be pet-
formed in a stepless style. Furthermore, the foregoing
description relates to the example of controlling the acquisi-
tion of the elastic image in the freeze mode, however, the
acquisition frequency of the elastic image can be controlled
onreal-time basis by executing the automatic measurement of
the distance D in the blood vessel in the real-time mode and
the comparison between the displacement amount of the
blood vessel wall and the threshold value K on real-time basis
and properly renewing the period of acquiring the elastic
image.

[0078] By the processing as described above, elastic
images can be acquired highly frequently during the period
for which the blood vessel wall is sharply displaced because
the displacement amount is large in this period, and elastic
images can be acquired by using RF frame data having a
sufficient displacement amount by reducing the elastic image
acquiring frequency during the period for which the blood
vessel wall is moderately displaced. That is, the elastic image
having high image quality can be acquired stably by control-
ling the elastic image acquiring frequency in accordance with
the displacement amount of the blood vessel wall.

[0079] As described above, according to this embodiment,
the elastic image having high image quality can be stably
acquired by acquiring one set of RF frame data containing a
proper displacement amount and measuring the displacement
amount of the blood vessel wall in the period for which the
blood vessel wall is sharply displaced as seen from the con-
traction end stage of the blood vessel wall to the maximum
contraction period in one heartbeat, or in accordance with the
displacement value of the blood vessel.

SECOND EMBODIMENT

[0080] Next, a second embodiment of the present invention
will be described. In this embodiment, the selection of the
elastic image acquiring period and the control of the acquir-
ing frequency are performed in accordance with the displace-
ment amount of the tissue in the thoracoabdominal site which
is caused by breathing motion. The displacement amount of
the tissue in the thoracoabdominal site is detected by using
tomogram image (B mode image) data, for example. The
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different point from the first embodiment resides in the dis-
placement amount detecting method based on the difference
in the type of the body motion of the examinee and the specific
elastic image acquisition control, and the other matters are the
same. Only the different portion will be described hereunder,
and the description of the same portion is omitted. This
embodiment can be also implemented in any one of the real-
time mode and the freeze mode.

[0081] An example of acquiring an elastic image of a liver
as an example of this embodiment will be described with
reference to FIG. 14. FIG. 14(a) show a top view (left dia-
gram) showing the state that the probe 3 is brought into
contact with the abdomen of an examinee to acquire a tomo-
gram of the liver, and a side view (right diagram) when
viewed from the left side of the examinee. FIG. 14(b) shows
an example of an aspect that the press to the liver is periodi-
cally varied due to breathing.

[0082] The press amount to the liver is periodically varied
in accordance with the periodical vertical movement of the
diaphragm which is caused by breathing. That is, as shown at
the left diagram of FIG. 15(5), the diaphragm moves to the
head side in a breath-out stage (an expiring stage) and thus the
press amount to the liver is reduced. As a result, the displace-
ment amount (strain amount) of the liver becomes small and
thus the liver expands greatly. Thereafter, when the breath-out
stage is shifted to a breath-in stage (inspiration period), the
diaphragm moves to the foot side and thus the press amount to
the liver is increased. As a result, the displacement amount
(strain amount) to the liver is increased and thus the liver is
contracted to a small size. Thereafter, the breath-in stage is
shifted to the breath-out stage, and the displacement amount
(strain amount) of the liver is reduced. As described above,
the press amount to the liver is periodically varied in accor-
dance with breathing, and the displacement amount (strain
amount) of the liver is also periodically varied in accordance
with the periodical variation of the press amount.

[0083] FIG. 14(C) shows the aspect of the periodical varia-
tion of the displacement amount (strain amount) of the liver.
In general, the breathing motion has a breathing ceasing
period in some period from the end of breath-out till the start
of breath-in, and a rapid breathing period (inspiring stage)
exists after the ceasing period. Then, breathing instanta-
neously stops in the neighborhood of the time point at which
the inspiring stage turns to the expiring stage. Thereafter, the
breath-out period is started. The displacement amount of the
liver and the time-variation (the inclination of the graph) of
the displacement amount also vary while following the
breathing motion as described above. Specifically, as shown
in FIG. 14(c), in the shift period (51A) from the inspiring
stage to the expiring stage and the shift period (51C) from the
expiring stage to the inspiring stage, the breathing motion is
moderate and thus the displacement amount of the liver is also
small. On the other hand, the periods before and after the shift
period are the period (51B) for which the displacement
amount of the liver is large because the breathing motion is
sharp.

[0084] A method of detecting the displacement amount of
the inner tissue due to the breathing motion and the displace-
ment direction will be described with reference to FIG. 15.
[0085] FIG. 15(a) shows an example of the construction of
the elasticity calculating means 11 suitable for implementing
this example, and a displacement analyzer 11d is further
inserted between the tissue displacement amount calculator
11a and the elasticity/strain calculating unit 115 in the con-
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struction shown in FIG. 11. The displacement amount calcu-
lated by using plural RF frame data in the tissue displacement
amount calculator 11a is input to the displacement analyzer
114, and the displacement amount concerned is compared
with a predetermined threshold value in the displacement
analyzer 11d. When the displacement amount is equal to a
threshold value or more, the displacement amount distribu-
tion at that time is output to the elasticity/strain calculator
114, and an elasticity image is calculated by using the dis-
placement amount distribution in the elasticity/strain calcu-
lator 114.

[0086] FIG. 15(b) shows the summary of processing flow
of detecting the period for which the displacement amount
calculated in the elasticity calculating means 11 shown in
FIG. 15(a) is large. The R time point is set as a reference, and
RF frame data of two frames in time-sequentially generated
RF frame data ..., N, N+1, N+2, N+3, N+4, . .. are input to
the tissue displacement amount calculator 11a in the elastic-
ity calculating means 11 at all times. The tissue displacement
amount calculator 11a calculates the displacement amount
and the displacement direction (that is, displacement vector)
at each point by using the two input RF frame data. The
displacement analyzer 114 analyzes the displacement amount
calculated in the tissue displacement amount calculator 11a.
For example, the average value of the calculated displace-
ment amount, etc. are calculated.

[0087] As a result, in the shift period from the inspiring
stage to the expiring stage in the period 51 A of FIG. 14(c) and
the period from the expiring stage to the inspiring stage in the
period 51C, the breathing motion is moderate and thus the
calculated displacement amount (average amount) is small.
Conversely, in the inspiring stage or expiring stage in the
period 51B, the breathing motion is sharp, and thus the cal-
culated displacement amount (average value) is large. Fur-
thermore, which time point or period can be recognized from
the displacement direction. For example, in the case of the
displacement to the head side, the expiring stage is recog-
nized, and in the case of the displacement to the foot side, the
inspiring stage is recognized. If the displacement direction
varies from the head side to the foot side, the shift from the
expiring stage to the inspiring stage and also that time point
can be recognized. If the displacement direction varies from
the foot side to the head side, the shift from the inspiring stage
to the expiring stage and also that time point can be recog-
nized.

[0088] By using the information on the displacement
amount and the displacement direction thus detected, the
continuous acquisition of elastic images of the tissue in the
thoracoabdominal site and the control of the extraction fre-
quency of the elastic images in accordance with the displace-
ment amount can be performed as in the first embodiment
described above. These operations will be specifically
described.

[0089] First, a first example of this embodiment of continu-
ously acquiring elastic images of the tissue in the thoracoab-
dominal site will be described. The sharp period of the dis-
placement amount at the expiring stage and the inspiring
stage recognized as described above is selected, and RF frame
data are continuously acquired during that period. The acqui-
sition of the RF frame data is the same as the first embodi-
ment.

[0090] The selection of the period of the sharp displace-
ment can be performed as follows, for example. The displace-
ment analyzer 11d compares the displacement amount (aver-
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age value) calculated in the displacement analyzer 11d during
the expiring stage with a predetermined threshold value L. A
period for which the displacement amount (average value)
continues to be equal to the threshold value L or more from
the time point when the displacement amount (average value)
increases to be larger than the threshold value L till the time
point when the displacement amount decreases to be smaller
than the threshold value L is selected. The displacement
amount distribution is output to the elasticity/strain calculator
within this period, thereby continuously acquiring elastic
images. Likewise, during the inspiring stage, a period for
which the displacement amount (average value) continues to
be equal to the threshold value L or more is selected, and
elastic images are continuously acquired during this period.
The threshold value L may be set to different values between
the inspiring stage and the expiring stage.

[0091] As described above, if the period for which the
displacement amount (average amount) continues to be equal
to the threshold value L or more is selected, the displacement
amount of the tissue is large in these periods, and thus the
displacement amount can be calculated stably and accurately.
Accordingly, the elastic images having high image quality
can be stably acquired during these periods.

[0092] Next, a second example of this embodiment for
controlling the elastic image acquiring frequency in accor-
dance with the displacement amount of the tissue in the tho-
racoabdominal site will be described. By using the informa-
tion of the displacement amount recognized as described
above, elastic images are acquired at high frequency, prefer-
ably at a frame rate of tomograms during the period (51B) for
which the displacement amount is increased. On the other
hand, elastic images are acquired at a low frequency, in
extreme case, no elastic image is acquired during the periods
(51A and 51C) for which the displacement amount is
reduced. As described above, elastic images are acquired at
high frequency during the period for which the displacement
amount is large, whereby elastic images having high image
quality can be stably achieved.

[0093] Specifically, the elastic image acquiring frequency
can be controlled in accordance with the displacement
amount by controlling the elastic image acquisition through
the comparison between the displacement amount and a pre-
determined threshold value. That is, if the calculated dis-
placement amount (average value) is equal to a predeter-
mined threshold value M or more, the period is regarded as
the period 51B (first period), and the displacement amount
distribution calculated in the tissue displacement amount cal-
culator 11a is output to the elasticity/strain calculator 115 to
acquire elastic images. On the other hand, if the calculated
displacement amount (average value) is less than the thresh-
old value M, the period is regarded as the period 51A or 51C
(second period), and the displacement amount distribution
calculated in the tissue displacement amount calculator 11ais
notoutput to the elasticity/strain calculator 115. Accordingly,
no elastic image is acquired during the periods 51A and 51C.
[0094] In the real-time mode, the comparison between the
displacement amount (average value) and the threshold value
M is carried out on real-time basis, and the elastic image
acquiring period is properly renewed.

[0095] When the calculated displacement amount (average
value) is less than the threshold value M, the (N+1)-th RF
frame data are deleted from the memory space of the tissue
displacement amount calculator 11¢, and in place of that data,
(N+2)-th RF frame data are input. The displacement amount
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(average value) calculation is carried out again between the
RF frame data of the (N)-th frame and the (N+2)-th frame, and
the calculation result is compared with the threshold value M
to judge whether elastic images are acquired or not. This
processing is repeated until the calculated displacement
amount (average value) is equal to the predetermined thresh-
old value M or more. An elastic image is created every time
the displacement amount (average value) is equal to the pre-
determined threshold value M or more. In addition, new two
adjacent RF frame data are input to the memory space of the
tissue displacement amount calculator 11a, and the above
calculation is repeated.

[0096] In the periods 51A and 51C, the displacement
amount (average value) of the tissue in the thoracoabdominal
site is reduced and the calculated strain value (average value)
1s also reduced. Therefore, as in the case of the first embodi-
ment described above, it is possible to prohibit creation of the
elastic image in accordance with the threshold value M. Or,
the calculated strain may be removed to prohibit creation of
the elastic image by the threshold value processing using the
strain average value of the elasticity analyzer 11¢ described
above.

[0097] Furthermore, in the foregoing description, the dis-
placement amount is compared with the threshold value M to
judge the period 51B or the period 51A or 51C, and the elastic
image acquiring frequency is controlled. As in the case of the
first embodiment, the elastic image acquisition may be con-
trolled by merely comparing the displacement amount and
the threshold value M without judging the period, whereby
the control of the elastic image acquiring frequency in accor-
dance with the displacement amount can be performed in a
stepless style.

[0098] In the period for which the tissue displacement is
sharp and the displacement amount becomes large between
the adjacent RF frame data, the elastic images can be acquired
at high frequency by executing the processing as described
above. On the other hand, in the period for which the tissue
displacement is moderate and the displacement amount
becomes small between the adjacent RF frame data, elastic
images can be acquired by using RF frame data having a
sufficient displacement amount by reducing the elastic image
acquiring frequency. That is, the elastic images of high image
quality can be stably acquired by controlling the elastic image
extracting frequency in accordance with the displacement
amount of the tissue in the thoracoabdominal site.

[0099] In the foregoing description, the displacement
amount of the tissue is detected by using time-sequentially
generated RF frame data, and the elastic images are generated
during the period for which the displacement amount is large.
The breathing motion may be monitored by using external
detecting means for detecting the breathing motion without
using the RF frame data and the elastic image acquisition may
be controlled in accordance with the displacement amount of
the breathing motion.

[0100] As described above, according to this embodiment,
even when the displacement of the tissue displacement
amount is varied due to breathing, the elastic images of high
image quality can be stably acquired.

[0101] Theembodiments of the ultrasonic diagnostic appa-
ratus and the ultrasonic elastic image acquiring method
according to the present invention have been described above.
However, the present invention is not limited to the contents
disclosed in the description of the above embodiments, and
other embodiments may be achieved in consideration of the
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subject matter of the present invention. For example, in the
above embodiments, the blood vessel and the tissue in the
thoracoabdominal site are targets. However, any biomedical
tissue may be used insofar as the displacement occurs in
accordance with pulsation or breathing motion. Furthermore,
the R-wave of the electrocardiogram is used to set the refer-
ence time point, however, the present invention is not limited
to this mode. For example, the motion of a living body such as
breathing or the like (for example, motion of diaphragm) may
be detected and used (for example, the probe 3 is provided
with a position sensor and the motion is detected by using the
position sensor). Furthermore, the motion of a living body
when the living body is substantially periodically displaced
by action from the outside of an examinee such as a vibrator
or the like may be detected and used.

[0102] In the description of the above embodiments, the
elastic acquisition calculation is executed mainly after freeze.
However, if the automatic detection method of the specific
time point and the automatic detection method of the dis-
placement amount are used, the elastic image extraction fre-
quency control can be performed continuously or in accor-
dance with the displacement amount even in a real-time
image pickup operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0103] FIG. 1 is a block diagram showing a first embodi-
ment of an ultrasonic diagnostic apparatus according to the
present invention.

[0104] FIG. 2 is generally detected electrocardiographic
waves.
[0105] FIG. 3 is a diagram showing a display example in
which B mode/M mode/electrocardiographic waves are dis-
played.
[0106] FIG. 4 is an enlarged view of M mode/electrocar-

diographic waves of F1G. 3.

[0107] FIG. 5 is a block diagram showing time measuring
means.

[0108] FIG. 6 is a diagram showing manual measurement.
[0109] FIG. 7 is a flowchart of the manual measurement.
[0110] FIG. 8 is a diagram showing an automatic measur-
ing method.

[0111] FIG. 9is a distribution diagram of brightness values

in a measuring range A.

[0112] FIG. 10 is a diagram showing the measurement of
the distance D, wherein (a) is a diagram showing the com-
parison of pixel brightness in the neighborhood of the upper
wall of the blood vessel, and (b) is a diagram showing the
comparison of pixel brightness in the neighborhood of the
lower wall of the blood vessel.

[0113] FIG. 11 is a block diagram showing elasticity cal-
culating means.
[0114] FIG. 12 is a diagram showing an example of an
operation table.
[0115] FIG. 13 is a block diagram showing saving means.
[0116] FIG. 14 is a diagram showing the press of a tissue in

a thoracoabdominal site and the displacement amount due to
breathing motion.

[0117] FIG. 15 is a diagram showing an example of the
construction of controlling an elastic image extracting fre-
quency in accordance with the displacement amount and the
processing flow.

DESCRIPTION OF REFERENCE NUMERALS

[0118]
[0119]

1 transmitting means
2 transmitting/receiving separation means
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[0120] 3 probe

[0121] 4 receiving means

[0122] 5 phasing addition means

[0123] 6 monochromatic signal processing means

[0124] 7 monochromatic signal information converting
means

[0125] 8 switching addition means

[0126] 9 display means

[0127] 10 saving means

[0128] 11 elasticity calculating means

[0129] 12 color signal information exchanging means

[0130] 13 ultrasonic control means

[0131] 14 ultrasonic system control means

[0132] 15 operation table

[0133] 16 time measuring means

[0134] 17 biomedical signal analyzing means

[0135] 18 electrode clip

[0136] 19 biomedical motion detecting means

[0137] 20 supply means

1. A ultrasonic diagnostic apparatus including an ultra-
sonic probe for transmitting/receiving ultrasonic waves
to/from a site containing a moving tissue of an examinee;
ultrasonic wave transmitting means for outputting an ultra-
sonic wave signal for driving the ultrasonic probe; morpho-
logical image acquiring means for acquiring a morphological
image representing morphological information of the site
containing the moving tissue from a reflected echo signal
received by the ultrasonic probe; and elastic image acquiring
means for acquiring an elastic image representing elastic
information of the site containing the moving tissue by using
a plurality of morphological image data, further comprising:

displacement amount detecting means for detecting a dis-

placement amount of the moving tissue by using the
morphological image data; and

selecting means for selecting an elastic image acquiring

period on the basis of the displacement amount, wherein
the elastic image acquiring means acquires an elastic
image during the selected period.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the selecting means selects a period for which the
displacement amount of the moving tissue is sharper than that
of other periods.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein the moving tissue is a desired blood vessel wall,
and the selecting means selects a period from a time point
when the desired blood vessel wall starts sharp displacement
till a time point when the interval of the blood vessel walls is
maximum.

4. The ultrasonic diagnostic apparatus according to claim
2, wherein the moving tissue is a tissue in a thoracoabdominal
site, and the selecting means selects a period which is within
an expiring stage or inspiring stage of breathing motionand in
which the displacement amount of the tissue in the thoraco-
abdominal site is equal to a predetermined threshold value or
more.

5. The ultrasonic diagnostic apparatus according to any one
of claims 2 to 4, wherein the elastic image acquiring means
continuously acquires the elastic images during the selected
period.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the elastic image acquiring means controls an
elastic image acquiring frequency in accordance with the
displacement amount of the moving tissue.
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7. The ultrasonic diagnostic apparatus according to claim
6, wherein the elastic image acquiring means controls the
elastic image acquiring frequency so that the elastic image
acquiring frequency is increased or reduced in accordance
with the displacement amount of the moving tissue.

8. The ultrasonic diagnostic apparatus according to claim
6, wherein the selecting means selects a first period for which
the displacement of the moving tissue is sharp and a second
period for which the displacement of the moving tissue is
more moderate than that of the first period, and the elastic
image acquiring means increases the elastic image acquiring
frequency in the first period to be larger than that of the second
period.

9. The ultrasonic diagnostic apparatus according to claim
8, wherein the moving tissue is a desired blood vessel wall,
the first period is from a time point when the desired blood
vessel wall starts sharp displacement till a time point when the
interval of the blood vessel wall is maximum, and the second
period is from a time point when the interval of the blood
vessel wall is maximum till a time point when the blood vessel
wall starts sharp displacement.

10. The ultrasonic diagnostic apparatus according to claim
8, wherein the moving tissue is a tissue in a thoracoabdominal
site, the first period is a period between a time point when the
inspiring stage is changed to the expiring stage and a time
point when the expiring stage is changed to the inspiring
stage, and the second period is a period containing a time
point when the breathing motion is changed from the inspir-
ing stage to the expiring stage or a period containing a time
point when the breathing motion is changed from the expiring
stage to the inspiring stage.

11. The ultrasonic diagnostic apparatus according to claim
3 or 9, wherein the morphological image acquiring means
acquires an M mode image as the morphological image, and
the displacement amount detecting means detects the dis-
placement amount of the desired blood vessel wall by using
the M mode image.

12. The ultrasonic diagnostic apparatus according to claim
11, further comprising input means for inputting information
indicating on the M mode image a time point when the desired
blood vessel wall starts sharp displacement and a time point
when the interval of the blood vessel wall is maximum.

13. The ultrasonic diagnostic apparatus according to claim
11, wherein the displacement amount detecting means
detects the interval of the desired blood vessel wall by using
variation of the brightness value of the M mode.

14. The ultrasonic diagnostic apparatus according to claim
4 or 10, wherein the morphological image acquiring means
acquires a tomogram as the morphological image, and the
displacement amount detecting means detects the displace-
ment amount of the tissue in the thoracoabdominal site by
using plural tomogram data.

15. The ultrasonic diagnostic apparatus according to claim
1, wherein the displacement amount detecting means detects
the displacement amount on real-time basis in accordance
with the morphological image data acquired on real-time
basis, the selecting means renews the selecting period in
accordance with the displacement amount detected on real-
time basis, and the elastic image acquiring means acquires the
elastic image every renewed period.

16. The ultrasonic diagnostic apparatus according to claim
1, wherein the selecting means selects the acquiring period in
accordance with frozen morphological image data.
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17. The ultrasonic diagnostic apparatus according to claim
1, further comprising saving means for saving a plurality of
morphological image data, wherein the elastic image acquir-
ing means acquires the morphological image data corre-
sponding to the period selected by the selecting means from
the saving means to generate the elastic image.

18. A method of acquiring an ultrasonic elastic image of a

site containing a moving tissue of an examinee, comprising:

(a) a step of acquiring a morphological image representing
morphological information of the site containing the
moving tissue;

(b) a step of acquiring an elastic image representing elastic
information of the site containing the moving tissue by
using a plurality of morphological image data; and

(¢) a step of repeating the steps (a) and (b), wherein in the
elastic image acquiring step, the displacement amount
of the moving tissue is detected by using the morpho-
logical image data, and an acquiring period of the elastic
image is selected on the basis of the displacement
amount.
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19. The ultrasonic elastic image acquiring method accord-
ing to claim 18, wherein an M mode image containing a
desired blood vessel wall is acquired as the morphological
image in the morphological image acquiring step, and in the
elastic image acquiring step, a period for which the displace-
ment amount of the blood vessel wall is more sharper than
that of other periods is selected by using the data of the M
mode image, and elastic images are continuously acquired
during the period concerned.

20. The ultrasonic elastic image acquiring method accord-
ing to claim 18, wherein in the morphological image acquir-
ing step, a tomogram of the site containing the moving tissue
is acquired as the morphological image, and in the elastic
image acquiring step, a period for which the displacement
amount of the moving tissue is sharper than that of other
periods is selected by using the data of the tomogram, and
elastic images are continuously acquired during the period
concerned.
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