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(7) ABSTRACT

When multiple tissues having differing speeds of sound are
intermixed in the viewing field of a measured subject such as
aliving body, the invention measures hardness, such as modu-
lus of elasticity or viscosity, with high precision. As a means
for detecting heterogeneity of sound speed in the tissues ofa
subject, a displacement-generating transmission beam is
applied from a displacement generating beam-generating
device (13) of a displacement-generating unit (10) on an
ultrasound probe (1) to irradiate a focused ultrasonic wave
into the living tissue and generate a shear wave. From the
displacement-time waveforms of multiple positions of the
shear wave detected using the displacement detection trans-
mission beam-generating device (22) and the displacement
detection received beam-computing device (23 ) ofa displace-
ment-detecting unit (20), at least two pieces of information,
such as the integrated value and the maximum amplitude
value, are obtained. On the basis of the two pieces of infor-
mation, a heterogeneity-detecting device (26) of the displace-
ment-detecting unit (20) detects the physical magnitude asso-

(51) Imt.ClL ciated with the heterogeneity in sound speed arising from the
A61B 8/08 (2006.01) tissue structure and displays same on a display (5).
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ULTRASOUND DIAGNOSIS APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nosis apparatus that detects heterogeneity related to sonic
velocity inside a subject by the transmission and reception of
ultrasound.

BACKGROUND ART

[0002] For a method of diagnosing a mammary tumor, cir-
rhosis, a lesion of a blood vessel and others, a method (elas-
tography) of diagnosing hardness inside a subject based upon
an ultrasonic echo signal in place of palpation by a doctor can
be given. In the diagnosis of hardness by elastography, an
operator presses a probe on a surface of the subject and
generates displacement in a tissue inside a measuring object
in a living body and others (hereinafter called a conventional
type method). Displacement in a direction of compression is
estimated based upon echo signals before and after the com-
pression of the tissue in the living body by pressure, distortion
which is a space derivative of the displacement is calculated,
and the distortion is imaged. This method has a problem that
an imaged object is limited to internal organs that exist in
locations in which pressure from a surface of the body is easy.
For example, as a slide plane as an intervening layer exists
between the surface of the body and the liver, it is difficult to
press so that sufficient displacement is generated.

[0003] Then, technique for diagnosing hardness by apply-
ing radiation pressure to the inside of the subject using an
ultrasonic focused beam and displacing a target tissue, inhib-
iting an effect of the intervening layer can be given. For
example, there is acoustic radiation force impulse (ARFI)
imaging disclosed in a patent literature 1. In this technique,
the displacement of a tissue generated in a direction in which
a focused beam advances is imaged and a modulus of elas-
ticity such as a modulus of elasticity in shear and Young’s
modulus is calculated based upon the estimate of the propa-
gation velocity of a shear wave generated in a direction per-
pendicular to the direction in which the focused beam
advances according to the displacement of the tissue at a
focus. When this technique is used, diagnosis in which depen-
dence upon manual technique is reduced is expected because
the tissue is displaced by ultrasound in addition to the effect of
reducing the effect of the intervening layer such as the slide
plane.

[0004] When heterogeneity related to sonic velocity exists
in the tissue in a measuring range, the measured modulus of
elasticity has a value including the propagation velocity of
plural shear waves. For a cause of the heterogeneity of sonic
velocity, tissue structure, frequency dispersion, an amplitude,
particle velocity and others can be given. For example, as for
frequency dispersion, a nonpatent literature 1 and a nonpatent
literature 2 can be given.

CITATION LIST
Patent Literature
[0005] Patent Literature 1: U.S. Patent No. 2004068184
Nonpatent Literature
[0006] Nonpatent Literature 1: Deffieux et al., IEEE Trans

Medical Imaging, Vol. 28, No. 3, 2009.
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[0007] Nonpatent Literature 2: Chen et al., IEEE Trans.
Ultrason. Ferro. Freq. Contr., Vol. 56, No. 1, 2009.

SUMMARY OF INVENTION

Technical Problem

[0008] Heretofore, when the velocity of a shear wave is
estimated, the heterogeneity of sonic velocity that proceeds
from tissue structure has been not considered. That is, it is
supposed that the velocity of the shear wave is the same in a
tissue in a measuring range. Accordingly, when tissues having
different sonic velocity exist in a measuring visual field, the
equalized propagation velocity of the shear wave and a modu-
lus of elasticity are measured. If the heterogeneity of sonic
velocity that proceeds from tissue structure is imaged and can
be diagnosed, the method can be one of methods of identify-
ing difference between a normal tissue and a malignant tissue.

[0009] An object of the present invention is to provide an
ultrasound diagnosis apparatus that enables the detection of
heterogeneity related to sonic velocity inside a subject by the
transmission and reception of ultrasound.

Solution to Problem

[0010] To achieve the object, the present invention provides
an ultrasound diagnosis apparatus which is provided with an
ultrasound probe that received and transmits an echo signal
from the inside of a subject, a displacement generating unit
that radiates an ultrasonic focused beam onto the subject and
displaces a tissue and a displacement detecting unit that
receives the echo signal from the subject and detects a tem-
poral waveform of the displacement of a shear wave gener-
ated by the ultrasonic focused beam in plural positions and in
which the displacement detecting unit is provided with a
heterogeneity detecting device that evaluates the heterogene-
ity of the subject based upon the detected temporal waveform
of the displacement of the shear wave.

[0011] Besides, to achieve the object, the present invention
provides an ultrasound diagnosis apparatus which is based
upon the ultrasound diagnosis apparatus that diagnoses a
subject by ultrasound, which is provided with an ultrasound
probe that receives and transmits an echo signal from the
subject, a displacement generating unit that radiates an ultra-
sonic focused beam onto the subject and displaces a tissue and
a displacement detecting unit that receives the echo signal
from the subject and detects a temporal waveform of the
displacement of a shear wave generated by the ultrasonic
focused beam in plural positions and in which the displace-
ment generating unit is provided with a transmission beam
generating device for generating displacement that generates
the ultrasonic focused beam and a beam frequency setting
device that sets a frequency of the ultrasonic focused beam
and the displacement detecting unit is provided with a het-
erogeneity detecting device that evaluates the heterogeneity
of the subject based upon the detected displacement of the
shear wave.

[0012] That is, to achieve the object, in a preferred embodi-
ment of the present invention, a means that detects the het-
erogeneity of sonic velocity in a tissue radiates focused ultra-
sound onto the tissue in a living body so as to generate a shear
wave, acquires at least two informations from temporal wave-
forms of the displacement in plural positions of the generated
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shear wave, measures physical quantity related to the hetero-
geneity of sonic velocity that proceeds from tissue structure
and displaces it.

Advantageous Effects of Invention

[0013] According to the present invention, it can be diag-
nosed whether there is a part heterogeneous in sonic velocity
in ameasuring object or not by imaging heterogeneity related
to sonic velocity that proceeds from tissue structure based
upon the waveform of the shear wave generated by the ultra-
sonic focused beam.

[0014] Besides, the imaging and the diagnosis of the het-
erogeneity of sonic velocity caused by frequency dispersion
and an amplitude in addition to heterogeneity related to sonic
velocity that proceeds from tissue structure are enabled. Fur-
ther, the higher-precision evaluation of heterogeneity is
enabled by the application of a burst chirp mode.

[0015] Furthermore, the application to a diagnostic method
of identifying a normal tissue and a malignant tissue based
upon a degree of heterogeneity of the present invention is
expected.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIG. 1 is a block diagram showing an ultrasound
diagnosis apparatus in first to fourth embodiments.

[0017] FIG. 2 shows measurement by an ultrasound probe
in the first embodiment.

[0018] FIG. 3 is an explanatory drawing for explaining the
generation of an ultrasonic beam in the first embodiment.
[0019] FIG. 4 shows a sequence of the transmission/recep-
tion of ultrasonic beams in the first embodiment.

[0020] FIG. 5A is an explanatory drawing for explaining
the displacement of a shear wave in the case of a tissue the
sonic velocity of which is uniform in the first embodiment.
[0021] FIG. 5B is an explanatory drawing for explaining a
temporal waveform of the displacement of a shear wave in the
case of the tissue the sonic velocity of which is uniform in the
first embodiment.

[0022] FIG. 6 is an explanatory drawing for explaining a
temporal waveform of the displacement of a shear wave in the
case of a tissue the sonic velocity of which is heterogeneous
in the first embodiment.

[0023] FIG. 7 is a flowchart showing the measurement of
heterogeneity in the first embodiment.

[0024] FIG. 8 is an explanatory drawing for explaining
parameters for determining the dimension of ROI in the first
embodiment.

[0025] FIG. 9 is an explanatory drawing for explaining an
example of screens that display heterogeneity in the first
embodiment.

[0026] FIG. 10A is an explanatory drawing for explaining
one example of a method of calculating heterogeneity in the
second embodiment.

[0027] FIG. 10B is an explanatory drawing for explaining
another example of a method of calculating heterogeneity in
the second embodiment.

[0028] FIG. 11 is a flowchart showing the measurement of
heterogeneity in the third embodiment.

[0029] FIG. 12 is an explanatory drawing for explaining a
temporal waveform of the displacement of a shear wave in the
case of a tissue the sonic velocity of which is heterogeneous
in the third embodiment.
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[0030] FIG. 13 shows relation between the velocity of a
shear wave and a frequency in the fourth embodiment.
[0031] FIG. 14 is a block diagram showing an ultrasound
diagnosis apparatus in a fifth embodiment.

[0032] FIG. 15 shows measurement by an ultrasound probe
in the fifth embodiment.

[0033] FIG. 16 shows a sequence of a process by the ultra-
sound diagnosis apparatus in the fifth embodiment.

[0034] FIG. 17A shows the spectral distribution of the dis-
placement of a shear wave in the case of a tissue the sonic
velocity of which is uniform in the fifth embodiment.

[0035] FIG. 17B shows the spectral distribution of the dis-
placement of a shear wave in the case of a tissue the sonic
velocity of which is heterogeneous in the fifth embodiment.
[0036] FIG. 18 is a flowchart showing the measurement of
heterogeneity utilizing a burst chirp mode in the fifth embodi-
ment.

[0037] FIG. 19 is an explanatory drawing for explaining a
direction of displacement and a direction of the propagation
of a shear wave in the fifth embodiment.

[0038] FIG. 20 is an explanatory drawing for explaining an
example of a screen that displays heterogeneity in the fifth
embodiment.

DESCRIPTION OF EMBODIMENTS

[0039] Referring to the drawings, embodiments of the
present invention will be described below. FIG. 1 shows the
configuration of the whole apparatus according to first to
fourth embodiments.

[0040] FIG. 1 includes an ultrasound probe 1 that transmits
or receives an ultrasonic beam to/from a subject not shown, a
displacement generating unit 10 that generates displacement
in the subject, a displacement detecting unit 20 that detects
the displacement generated in the subject and a central con-
trolunit 3 for controlling the displacement generating unit 10
and the displacement detecting unit 20. The ultrasound probe
1 is connected to a transmission beam generating device for
generating displacement 13, a transmission beam generating
device for detecting displacement 22 and a received beam
computing device for detecting displacement 23 via a switch
for switching transmission and reception 2 that functions as a
part for switching transmission and reception. A beam fre-
quency setting device 14 sets a frequency of a focused ultra-
sonic beam transmitted from the transmission beam generat-
ing device for generating displacement 13. Though the
following is not shown in FIG. 1, the central control unit 3
also directly or indirectly controls the switch 2 that functions
as the part for switching transmission and reception.

[0041] First, the displacement generating unit 10 will be
described. The transmission beam generating device for gen-
erating displacement 13 is controlled by the central control
unit 3 so that the transmission beam generating device applies
delay time and weight to a transmission signal every device
from the ultrasound probe 1 using a waveform generated in a
transmission waveform generating device for generating dis-
placement 11 so as to focus the ultrasonic beam in a position
set by the a focused position setting device 12. An electric
signal from the transmission beam generating device for gen-
erating displacement 13 is converted to an ultrasonic signal in
the ultrasound probe 1 and the ultrasonic beam for generating
displacement is radiated toward a subject not shown. Radia-
tion start time and radiation termination time of the ultrasonic
beam for generating displacement are set in the beam fre-
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quency setting device 14. A beam frequency means a repeti-
tion frequency in the radiation of the ultrasonic beam for
generating displacement.

[0042] Next, the displacement detecting unit 20 will be
described. After the irradiation of the ultrasonic beam for
generating displacement, an ultrasonic beam for detecting
displacement for detecting the displacement of a tissue in the
subject is radiated. The transmission beam generating device
for detecting displacement 22 is controlled by the central
control unit 3 so that the transmission beam generating device
applies delay time and weight to a transmission signal every
device from the ultrasound probe 1 using a waveform gener-
ated in a transmission waveform generating device for detect-
ing displacement 21 so as to focus an ultrasonic beam for
detecting displacement in a desired position like the ultra-
sonic beam for generating displacement. An echo signal
reflected in the subject and returned to the probe is converted
to an electric signal in the ultrasound probe 1 and is transmit-
ted to the received beam computing device for detecting
displacement 23. After signal processing such as the detection
of an envelope, the compression of a log, a band-pass filter
and gain control is applied to the output of the received beam
computing device for detecting displacement 23 in a detect-
ing device 25, a value related to heterogeneity is calculated in
aheterogeneity detecting device 26. The outputs of the detect-
ing device 25 and the heterogeneity detecting device 26 are
converted to a picture signal in a scan converter 4 and the
picture signal is displayed as a numeric value and an image
respectively showing hardness on a display 5.

[0043] The central control unit 3, the heterogeneity detect-
ing device 26 and others which are a part of a block shown in
FIG. 1 can be realized by the execution of a program in a
central processing unit (CPU) that functions as a processing
unit.

First Embodiment

[0044] In this embodiment, as shown in FIG. 2, a case that
a linear array type ultrasound probe 1 is touched to a surface
of abody of a subject and an ultrasonic beam for generating
displacement is focused on a target section in the body will be
described. In this case, a case that a direction of the propaga-
tion of the ultrasonic beam for generating displacement (=the
transmission beam for generating displacement) on the
desired section is a direction perpendicular to the body sur-
face will be described.

[0045] As shown in upper and lower halves of FIG. 3, the
generation of an ultrasonic beam is realized by calculating
distance between each focus and a position of each element
100 of the ultrasound probe 1, allocating delay time calcu-
lated by dividing difference in distance among elements by
the sonic velocity of an object every element and transmitting
the ultrasonic beam. When an ultrasonic beam for generating
displacement is radiated onto a focus, radiation pressure is
generated according to the absorption and the scattering of
ultrasound by propagation. Normally, the radiation pressure
gets maximum in the focus and displacement is generated in
atissue of a living body in an area of the focus. Besides, when
the radiation of the ultrasonic beam for generating displace-
ment is stopped, an amount of displacement is lessened. As
schematically shown in FIG. 2, a shear wave is generated ina
horizontal direction with the surface of the subject with the
focus as a starting point by the generation of the radiation
pressure.
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[0046] Next, a method of transmitting and receiving an
ultrasonic beam by the ultrasound probe 1 will be described
using FIG. 4. FIG. 4 shows radiation sequence of a transmis-
sion beam for generating displacement, a transmission beam
for detecting displacement and a received beam for detecting
displacement. The beams are radiated in the order of the
transmission beam for detecting displacement and the
received beam for detecting displacement and a reference
signal used in operation for detecting the displacement of a
shear wave is acquired. Turning on/off is controlled based
upon an amplitude value of voltage for example, the beam is
turned on at the time of 1, and the beam is turned off at the
time of 0. Unless hereinafter especially specified, the beam is
turned on at the time of 1 and the beam is turned off at the time
of 0. When the transmission beam is turned on, it is radiated.
Turning on the received beam means that the transmission
beam generating device for detecting displacement 22 and the
ultrasound probe 1 are disconnected in the switch for switch-
ing transmission and reception 2, the received beam comput-
ing device for detecting displacement 23 and the ultrasound
probe 1 are connected and a phasing add operation for the
acquisition of a received signal and the generation of the
beam is performed.

[0047] First, the transmission beam for detecting displace-
ment and the received beam for detecting displacement are
sequentially turned on and a reference signal is acquired from
the ultrasound probe 1. After the reference signal is acquired,
the transmission beam for generating displacement is radi-
ated onto a focus F and a shear wave is generated. At this time,
a frequency of repeatedly transmitted pulses (PRFp) in the
radiation of the transmission beam for generating displace-
ment is set in the beam frequency setting device 14 and the
beam is radiated at the frequency PRFp plural times. This art
has a characteristic that not a frequency of a carrier signal of
the transmission beam for generating displacement but the
frequency PRFp for turning on/off is controlled and hetero-
geneity is measured. Imaging at narrow beam width and high
spatial resolution is enabled by increasing a frequency of a
carrier. In FIG. 4, the transmission beam for generating dis-
placement is radiated three times for example, however, the
frequency is not limited to this. As the beam is radiated more
times, the bandwidth of PRFp is turned narrow and resolution
for the frequency of the transmission beam for generating
displacement is enhanced. In the meantime, the beam is often
radiated only once and FIGS. 5 and 6 show the temporal
variation of displacement using a case that the beam is radi-
ated only once for an example. This is for the following
reason. Ona normal transmission condition, beam width in an
azimuth is approximately 1 mm and when the sornic velocity
of a shear wave is 1 m/s and PRFp is 1 kHz, the wavelength is
equal to width (beam width in the azimuth) at which radiation
pressure for generating the shear wave is generated. That s, to
increase displacement, it is desirable that PRFp is 1 kHz or
less. However, when PRFp is 1 kHz or less, that is, PRFp is
longer than 1 ms, the risk of the rise of temperature increases.
As radiation pressure is proportional to the square of pressure
and the rise of temperature is proportional to the product of
the square of pressure and irradiation time, the ratio of radia-
tion pressure and the rise of temperature is in inverse propor-
tion to irradiation time. Therefore, too long irradiation time is
not suitable for making safety and the acquisition of great
displacement compatible. When these are considered, it is
desirable that a frequency of irradiation is once. To detect the
displacement of a shear wave after the irradiation of the beam
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for generating displacement, the transmission beam for
detecting displacement and the received beam for detecting
displacement are sequentially turned on.

[0048] In the detecting device 25 shown in FIG. 1, normal
signal processing such as a band-pass filter is performed and
a signal equivalent to PRFp is extracted from a signal
acquired by the transmission beam for detecting displace-
ment and the received beam for detecting displacement. The
processing by the band-pass filter and others may be also
omitted. The displacement of the shear wave is calculated
using the reference signal acquired precedently and the signal
acquired by the transmission beam and the received beam
respectively for detecting displacement after the irradiation of
the transmission beam for generating displacement. Correla-
tion operation and the detection of phase difference which are
respectively well-known art and others are used for calculat-
ing displacement and operation for detecting displacement is
performed in the heterogeneity detecting device 26. The
transmission beam and the received beam respectively for
detecting displacement are repeatedly turned on at a repeti-
tion frequency PRFd and the temporal waveform of the dis-
placement (a few um to a few tens um) of the shear wave is
detected. The PRFd is set so that Nyquist’s theorem is met for
an estimated frequency of the shear wave. For example, when
a raster for detecting displacement is the same as a direction
of the displacement of the shear wave, the PRFd is set to the
double or more of the frequency of the shear wave.

[0049] The PRFd is set in the transmission waveform gen-
erating device for detecting displacement 21.

[0050] FIGS.5A and 6 show the temporal variation of the
displacement of the shear wave (=an amplitude value of the
shear wave) in a displacement detection position. The dis-
placement detection position is along a direction of the propa-
gation of the shear wave as shown in FIG. 5A for example and
the displacement is detected in plural positions x1, x2, x3
arranged at an equal interval. In this case, a position of a focus
1s set to “x=0”, and x1, x2 and x3 have relation of
“x1<x2<x3”.

[0051] First, a case that tissues on a path of the propagation
of the shear wave have structure in which sonic velocity that
proceeds from tissue structure is uniform will be described
referring to FIGS. 5A and 5B (refer to Proceedings of Sym-
posium on Ultrasonic Flectronics, Vol. 30, 2009, pp. 525 to
526 by Tabaru and others). In this case, sonic velocity means
the propagation velocity of the shear wave. As the shear wave
generated at the focus F reaches in the order of the positions
x1, x2, x3, being propagated, time t1, t2, t3 at which a tem-
poral waveform of displacement observed in each position x
reaches a peak have relation of “t1<t2<t3”. As shown in FIG.
5B, the sonic velocity (=the propagation velocity) ¢ of the
shear wave is estimated based upon an inclination having a
position X (n) as an axis of ordinates and having time t (n) to
be a peak as an axis of abscissas in the heterogeneity detecting
device 26 described in detail later. However, n is a positive
integer and in FIGS. 5A and 5B, n=1, 2, 3. Young’s modulus
and an elastic modulus such as the elastic modulus of a shear
wave are calculated using the estimated propagation velocity
of the shear wave. For example, the elastic modulus (=pc?) of
the shear wave or Poisson’s ratio of the shear wave is setto 0.5
based upon the sonic velocity ¢ of the shear wave and tissue
density p and the elastic modulus such as Young’s modulus
(=E:3 pc?) can be calculated.

[0052] Next, a case that two tissues having different sonic
velocity exist on a path of the propagation of the shear wave
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will be described using FIG. 6. In this case, the tissues of the
sonic velocity ¢l, ¢2 (c1>c2) of the shear wave shall exist in
O=x=x1.Atthis time, time t1_1 until the shear wave generated
at the focus F reaches the displacement detection position x1
and at which the tissue having the sonic velocity c1 is passed
is earlier than time t1_2 at which the tissue having the sonic
velocity ¢2 is passed. Accordingly, two peak values emerge in
a temporal waveform showing the displacement of the shear
wave in the position x1. A temporal waveform also similarly
has two peak values in the positions x2, x3.

[0053] Inthis case, the number of the detection positions is
3, however, the number is not limited to 3. An interval Ax of
the position x shall be an interval small enough for a wave-
length A of the shear wave, for example, 1/10h. However, the
wavelength is calculated as ¢/PRFp. It is desirable that a
smaller value of supposed minimum velocity in a target part
for heterogeneity to be measured or difference in the velocity
of the shear wave (Ac=c1-c2) determined by the required
resolution of the velocity of the shear wave is used for the
sonic velocity ¢ of the shear wave used for calculating the
wavelength.

[0054] As shown in FIG. 6, as a temporal waveform of the
displacement of the shear wave is a waveform in which plural
waveforms of the displacement of the shear wave are shifted
in a temporal direction and are added in the tissue in which
sonic velocity that proceeds from tissue structure is hetero-
geneous, compared with a case of a tissue in which sonic
velocity that proceeds from tissue structure is uniform, the
width of'a waveform is extended. Accordingly, width d2 inthe
position x1 shown in FIG. 6 has a larger value than width d1
in the position x1 shown in FIG. 5A. These d1 and d2 are
defined as half-width and -6 dB width for example.

[0055] 1In this embodiment, the heterogeneity detecting
device 26 shown in FIG. 1 acquires at least two types of
information based upon the plural temporal waveforms of the
displacement of the shear wave and evaluates the heteroge-
neity of sonic velocity that proceeds from structure. For a
method of evaluating heterogeneity, a degree of a spread in
width of the temporal waveforms of the displacement of the
shear wave is calculated for example. The width of the tem-
poral waveforms is defined as a value acquired by calculating
an integrated value and a maximum amplitude value based the
temporal waveforms of the displacement of the shear wave as
two information contents and dividing the integrated value by
the maximum value for example.

[0056] It is desirable for the following reason that at least
two types of information, that is, the integrated value and the
maximum amplitude value are calculated based upon the
plural temporal waveforms in half-width of the displacement
of the shear wave and the value acquired by dividing the
integrated value by the maximum amplitude value is used for
the width of the temporal waveforms. The half-width is a
calculating method of searching two points having a half
value of a maximum amplitude in the waveforms and setting
distance between the two points (time difference between two
times because an axis of abscissas shows time in this case) as
width. Therefore, in the case of the waveform having the two
peaks shown in FIG. 6, four or more points having a half value
of the maximum amplitude emerge when an amplitude of a
concave portion between the two peaks is lower than a half of
the maximum amplitude. When the two peaks are substan-
tially equal, the half-width can be acquired from difference
between a half value at the earliest time and a half value at the
latest time even if the four or more points having a half value
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are acquired, however, as the amplitudes of the two peaks are
actually not necessarily equal, the half-width becomes half-
width of only components in which the velocity of the shear
wave is fast or only components in which the velocity of the
shear wave is slow according to propagation or becomes
half-width of the peaks including both, and therefore, half-
width quantitatively acquired may be not the qualitative
tracking of the same phenomenon. Besides, in the example of
the waveforms shown in FIG. 6, no noise is included, how-
ever, when a maximum amplitude is searched in a state
including noise, an error is included in an estimate of a value
of the maximum amplitude depending upon the magnitude of
noise and an error is also included in an estimate of a half
value. As a result, in a case that signal-to-noise ratio is not
satisfactory, it is not necessarily desirable that beam width is
estimated based upon half-width. The half-width has been
described for an example, however, the above-mentioned two
problems cannot be conquered in principle by operation for
searching a location in which fixed displacement can be
acquired for maximum displacement on the temporal wave-
form, for example, by an estimate of the width ofthe temporal
waveform using -20 dB width and —40 dB width.

[0057] Then, in this embodiment, a value acquired by
dividing an integrated value by a maximum amplitude is used
for an index for showing the width of a temporal waveform.
First, in the case of an integrated value, even if a temporal
waveform has plural peaks, its effect is small. Besides, as
operation for integration similarly functions as a low-pass
filter that inhibits a high-frequency component, noise hardly
has an effect.

[0058] As for heterogeneity shown in FIG. 6, effect that
sonic velocity is different depending upon a location in a
living body and effect described in the following embodiment
that frequencies of the sonic velocity of a shear wave are
dispersed may be mixed. It is desirable that to generate a shear
wave radiated only once and possibly having a single fre-
quency component, an amplitude of the transmission beam
for generating displacement has such a shape that a leading
edge and a trailing edge are smooth in a hanning waveform. In
FIG. 4, the rectangular wave is shown as an example, how-
ever, the rectangular wave also includes multiple components
of odd times of PRFp such as 3 PRFp and 5 PRFp except
PRFp. To inhibit these components, it is well-known that a
method of using a hanning waveform is effective.

[0059] Next, a processing flow for measuring and evaluat-
ing the heterogeneity of sonic velocity that proceeds from
structure in the heterogeneity detecting device 26 in this
embodiment will be described using a flowchart shown in
FIG. 7. As described above, the processing flow in the het-
erogeneity detecting device 26 can be realized by program
processing in CPU. First, diagnosis is started in a step S00.
Next, in a step S02, an image of a section is displayed. The
displayed image of the section is a B-mode image for example
or an image related to hardness such as a distortion rate. In a
step S04, a region of interest (ROT) in which heterogeneity is
measured is set.

[0060] In the measured ROL the width in a direction of the
propagation of a shear wave (in this case, the width in an
azimuth) is determined based upon effective propagation dis-
tance of the shear wave. Besides, the width (the width in a
direction of depth in this case) perpendicular to the direction
of the propagation of the shear wave in the measured ROI is
determined based upon a direction in which the transmission
beam for generating displacement is propagated, for
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example, the width of a sound source in the direction of the
depth in the body in FIG. 2. As the shear wave is propagated,
being attenuated, a displacement detection limit value of the
ultrasound diagnosis apparatus is exceeded when certain
propagation distance is exceeded. Distance to be a displace-
ment detection limit is called effective propagation distance.
However, the displacement detection limit value is deter-
mined by a parameter such as a dynamic range of the ultra-
sound diagnosis apparatus and a frequency of the ultrasonic
beam for detecting displacement. The effective propagation
distance of a shear wave can be determined based upon
parameters such as the acoustic intensity of the transmission
beam for generating displacement, F-number (=focal dis-
tance/an aperture diameter) of the transmission beam for
generating displacement, a frequency of the transmission
beam for generating displacement, the width of a sound
source in a direction in which the transmission beam for
generating displacement is propagated, irradiation time of the
transmission beam for generating displacement and an
amount of maximum displacement of the shear wave.

[0061] Forexample, FIG. 8 shows relation among effective
propagation distance, an amount of maximum displacement,
F-number and the width of the sound source when a fre-
quency is 2 MHz, irradiation time is 1 ms and instantaneous
acoustic intensity is 1 kW/cm?. These parameters are experi-
mentally or calculatively determined beforehand every tissue
to be measured and are stored in a storage medium not shown
and others. The central control unit 3 determines the size of
the optimum ROI based upon a measured part, a radiation
parameter of the transmission beam for generating displace-
ment and others in the storage medium.

[0062] Otherwise a propagation direction of a shear wave in
the ROI has a smaller value than a value experimentally or
calculatively determined beforehand, for example 30A (A:
wavelength of the shear wave).

[0063] An operator may also determine a position of the
ROI via an input device such as a keyboard, a track ball and a
mouse not shown, watching the image of the section dis-
played on the display 5 in the step S02 or the central control
unit 3 may read a position according to a measured part such
as a liver and a mammary gland from a storage (a memory)
not shown and others and may also determine it. When the
operator manually sets, the operator can set the ROI, avoiding
a blood vessel and others. Next, in a step S06, the displace-
ment of the shear wave is measured and next in a step S08, the
heterogeneity of sonic velocity that proceeds from structure is
calculated. In a step S10, a value showing the measured
heterogeneity, for example, the width of the temporal wave-
formis displayed on a screen of the display 5 together with the
image of the section. The image of the section is the same as
the image of the section displayed in the step S02 or an image
of a section imaged at time immediately before or immedi-
ately after the evaluation of heterogeneity.

[0064] FIG. 9 shows an example of display on the display 5
showing heterogeneity, that is, the width of a temporal wave-
form. A value of heterogeneity (=the width of the temporal
waveform) is displayed in a position close to the ORI for
example or on the side of an image of a section on the screen
of the display 5 as shown in the uppermost figure in FIG. 9.
The width of the temporal waveform is displayed as a mean
value of the width of the temporal waveform calculated in
each position x (n) in the ROI for example. At this time,
standard deviation and others are displayed together with the
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mean value of the width of the temporal waveform and may
be also used for an index for an operator to verify measure-
ment precision.

[0065] Inanotherdisplay method, the width of the temporal
waveform is displayed in color in the ROI. At that time, as
shown in a middle figure in FIG. 9, a color bar corresponding
to the width of the temporal waveform is displayed on the
same screen and the operator can visually judge a degree of
heterogeneity in a measured part. In the color bar, a scaled
value according to a measured part is read from the storage
notshown and others via the central control unit 3 beforehand
and the color bar is scaled. Besides, a space derivative related
to the propagation x of a shear wave for the width D of the
temporal waveform in each position x (n), that is, dD/dx is
calculated and the information of the spatial width of the
temporal waveform can be also mapped in the ROL On the
screen at that time, a color map showing the space derivative
of the width of the temporal waveform in the ROI and a color
bar corresponding to the space derivative of the width of the
temporal waveform are displayed as shown in the lowermost
figure in FIG. 9 for example. Heterogeneity having higher
spatial resolution can be diagnosed by displaying a value of
the space derivative.

[0066] When a termination signal is input via the input
device not shown in a step S12 shown in FIG. 7, the measure-
ment of heterogeneity is finished in a step S14. Besides, when
measurement in the ROI set in the step S04 is required again
or when the ROI is set in another position for measurement,
control is returned to the step S04 and the step S06 and
heterogeneity is continuously evaluated. In the case of mea-
surement in two or more positions, scaling in the color bar
may be also varied according to measured plural values of
heterogeneity. In the case of measurement in the same ROI, as
to the width of the temporal waveform displaced in the upper-
most figure in FIG. 9 for example in the step S10, a result
every measurement and a mean value of each measurement
are included. Besides, when ROI is set in plural positions,
ROIs are numbered like ROI1, RO12 in the uppermost figure
in FIG. 9 and the positional information of the ROIs and
acquired results of the width of the temporal waveform may
be also correlated in the image of the section. In the examples
shown in the middle figure and the lowermost figure in FIG.
9, plural ROIs and results of the width of the temporal wave-
form are displayed in the image of the section.

[0067] When measurement is made plural times, imaged
parts are differentiated in the preceding and following mea-
surements of heterogeneity because of a motion of the probe
and a motion of the body of the subject and accordingly, the
positional information of the ROI may be also spatially
shifted. When measurement is made plural times, the posi-
tional information ofthe ROI can be also corrected at any time
by using Motion Correction (H. Yoshikawa, et. al., Japanese
Journal of Applied Physics, Vol. 45, No. 5B, p. 4754, 2006 for
example.

[0068] In the above-mentioned method of measuring the
heterogeneity of the width of the temporal waveform, a direc-
tion of the propagation of the ultrasonic beam for generating
displacement may be also a diagonal direction in addition to
adirection perpendicular to the surface of the body. However,
the transmission beam generating device for detecting dis-
placement 22 is controlled so that a direction of a received
beam input to the received beam computing device for detect-
ing displacement 23 and a direction in which the shear wave
advances are not parallel and both are possibly perpendicular.
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As a direction of the propagation of the shear wave is a
direction of displacement, that is, the direction is perpendicu-
lar to a direction of the transmission beam for generating
displacement, detection sensitivity for displacement is lost
when the direction of the propagation of the received beam
and the direction of the propagation of the shear wave are
parallel. Therefore, the direction of the propagation of the
ultrasonic beam for generating displacement is set so that the
direction is desirably perpendicular to the surface of the body.
[0069] In the step S04 shown in FIG. 7, an operator may
also set the size of the ROI to a desired dimension via an input
device not shown in place of setting the size of the ROI to size
determined based upon effective propagation distance and the
width ofa sound source. At this time, when the desired dimen-
sion is larger than the optimum size of the ROI, the steps S06
and SO08 may be also executed in each position, shifting an
optimum position of the ROIL.

Second Embodiment

[0070] A second embodiment for evaluating heterogeneity
based upon plural temporal waveforms of the displacement of
a shear wave in a heterogeneity detecting device 26 will be
described referring to FIGS. 10A and 10B below.
[0071] As shown in FIG. 10A, in one method, after a tem-
poral waveform 101 of the displacement of a shear wave is
fitted using an arbitrary well-known function, for example, a
polynomial function, an exponential function, Gaussian func-
tion and others, noise is removed using a low-pass filter and
others. Afterward, half-width W having a smaller value than
a peak value dp of a fitted waveform 102 by -6 dB as a
threshold is calculated. Noise removing processing may be
also performed before fitting and noise removing processing
may be also omitted. After fitting or after noise is removed,
the width of the temporal waveform described in the first
embodiment may be also calculated. A value related to het-
erogeneity may be also calculated based upon a function
having time tp until the waveform of displacement after fitting
reaches a peak, a peak value dp of displacement and a center
position (time) of the waveform of displacement in addition
to the half-width as a parameter. In this embodiment, for two
types of information acquired based upon the temporal wave-
form of the displacement of the shear wave to evaluate het-
erogeneity, a peak value and half-width W are used for
example.
[0072] Besides, for another method, as shown in FIG. 10B,
the following mathematical expression 1 is fitted to a tempo-
ral waveform 103 of the displacement of a shear wave.
y=Al*exp(-(z-Ta) 2/alphal)+42*exp(-(z-Th) 2/al-
pha2) (1

[0073] At this time, an evaluated value is Al, A2, Ta, Tb,
alphl, alpha2 which are respectively parameters in the math-
ematical expression 1 or a result of operation using two or
more parameters. For example, “Ta-Tbh” and “Ta-Th/((A1+
A2)/2)” for two types of information acquired based upon the
temporal waveform 103 of the displacement of the shear wave
are an evaluated value of heterogeneity. After fitting in the
mathematical expression 1, fitting is further performed using
the arbitrary well-known function (the polynomial function,
the exponential function, the Gaussian function and others)
and half-width W may be also calculated.

[0074] Corresponding time Ta (n) and Th (n) in each posi-
tion x (n) are calculated using the mathematical expression 1,
the sonic velocity c1 of the shear wave can be also estimated
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based upon relation between x (n) and Ta (n), and the sonic
velocity ¢2 of the shear wave can be also estimated based
upon relationbetween x (n) and Tb (n). The method described
using FIG. 5B for example can be used for the estimate of the
velocity of the shear wave. As described above, when sonic
velocity that proceeds from tissue structure is heterogeneous,
it is fitted using the mathematical expression 1 and others and
if the time of two peak values can be calculated, the existence
of media different in velocity can be quantified. For a method
of displaying heterogeneity, the sonic velocity c1, ¢2 of two
shear waves can be also displayed and difference between c1
and c2 can be also displayed.

[0075] When a location having three or more different
sonic velocity exists in the ROI, peak values of the temporal
waveform of the shear wave are also 3 or more. A function in
the mathematical expression 1 is set according to the number
of peaks.

[0076] Besides, for another method of evaluating heteroge-
neity, a value representing heterogeneity may be also the
number of peaks in the temporal waveform of the displace-
ment of the shear wave. In the example shown in FIG. 6, the
number is 2. The number of peaks is calculated based upon a
waveform after fitting or after noise is removed.

Third Embodiment

[0077] In a third embodiment, a method of evaluating the
heterogeneity of sonic velocity that proceeds from frequency
dispersion will be described using FIGS. 11 and 12.

[0078] For a cause of the heterogeneity of sonic velocity,
tissue structure, frequency dispersion, an amplitude and par-
ticle velocity can be given. In the first embodiment, the
method of evaluating the heterogeneity of sonic velocity that
proceeds from tissue structure is described. When there is the
heterogeneity of sonic velocity that proceeds from frequency
dispersion and when a repetition frequency PRFp in the radia-
tion of a transmission beam for generating displacement has
bandwidth, the velocity of a shear wave varies. In this
embodiment, the heterogeneity of sonic velocity that pro-
ceeds from frequency dispersion will be mainly described.

[0079] FIG. 11 shows a processing flow of the third
embodiment in which the heterogeneity of sonic velocity that
proceeds from frequency dispersion is measured and evalu-
ated when no heterogeneity of sonic velocity that proceeds
from tissue structure exists. As a processing flow of steps S00,
S02, S04, S06 is similar to the processing flow in the first
embodiment shown in FIG. 7, the description is omitted. In
the third embodiment, to simplify description, only a case that
heterogeneity is measured in only one ROI will be described,
however, as in the first embodiment, heterogeneity may be
also measured in different ROIs.

[0080] Inastep S20,itis judged whether the heterogeneity
of sonic velocity that proceeds from tissue structure exists in
ROI or not. For a method of judging, for example, standard
deviation related to the width of a temporal waveform in ROI
and a space derivative (dD/dx) of the width of the temporal
waveform, difference between a maximum value and a mini-
mum value and a mean value are compared with a threshold
determined every measured part beforehand. The judgment
can be executed by a program that realizes a heterogeneity
detecting device 26. The threshold is stored in a memory not
shown every measured part, may be also read by a central
control unit 3, and an operator may also input the threshold
via an input device not shown.
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[0081] When it is judged that the heterogeneity of sonic
velocity that proceeds from tissue structure exists, the hetero-
geneity of the velocity is displayed on a display 5 by the
similar method to the method in the first embodiment in a step
S22.

[0082] When it is judged that no heterogeneity of sonic
velocity that proceeds from tissue structure exists, PRFp (m)
(m=1, 2, 3, - - - ) is set in a step S24 so as to measure the
heterogeneity of sonic velocity that proceeds from frequency
dispersion. To measure the heterogeneity of sonic velocity
that proceeds from frequency dispersion, the transmission
beam for generating displacement is radiated at at least two
types of PRFp and the displacement of a shear wave is
required to be measured. Accordingly, when the PRFp set in
the step S24 is set to a different value from PRFp used for
measuring the displacement of the shear wave in the step S06,
nis 1 or alarger arbitrary integer. Besides, when the PRFp set
in the step S24 includes the PRFp used for measuring the
displacement of the shear wave in the step S06, n is 2 or a
larger arbitrary integer.

[0083] When the heterogeneity of sonic velocity that pro-
ceeds from frequency dispersion exists, the transmission
beam for generating displacement is transmitted at two types
of PRFp for example and when the displacement of a shear
wave is measured in a shear wave detection position X (1), a
temporal waveform shown in FIG. 12 is acquired. When a
case that the transmission beam for generating displacement
is transmitted at PRFp (1) and a case that the transmission
beam is transmitted at PRFp (2) as in the temporal waveform
of the displacement of the shear wave shown in FIG. 12 are
compared, time at which the displacement of the shear wave
reaches a peak varies. This reason is that when the PRFp
varies, the velocity of the shear wave propagated in the same
medium varies. Accordingly, peak values emerge plural times
in a waveform acquired by adding a waveform 1 and a wave-
form 2.

[0084] Inthe evaluation executedina step S28 in FIG. 11 of
the heterogeneity of sonic velocity that proceeds from fre-
quency dispersion, the similar method to a method of evalu-
ating the heterogeneity of sonic velocity that proceeds from
structure is applied. A result of the evaluation of the hetero-
geneity is imaged in the step S22. For a method of imaging,
the similar method to the method in the step S10 in the first
embodiment is applied for example.

[0085] When the heterogeneity of sonic velocity that pro-
ceeds from frequency dispersion is measured, it is desirable
that PRFp (m) set by a beam frequency setting device 14 is 40
Hz to a few kHz. Besides, an interval APRFp (m)(PRFp
(m+1)-PRFp (m)) of PRFp (m) is set to an equal interval or
according to an arbitrary function. It is desirable that the
interval is a few hundred Hz.

[0086] The evaluation of the heterogeneity of sonic veloc-
ity that proceeds from frequency dispersion can be also tried
without evaluating the heterogeneity of sonic velocity that
proceeds from structure. In this case, the steps S06, S20
shown in FIG. 11 can be omitted.

[0087] The heterogeneity of sonic velocity that proceeds
from frequency dispersion can be also applied to the evalua-
tion of the heterogeneity of sonic velocity that proceeds from
the displacement (an amplitude) of a shear wave. As the
ultrasonic intensity of the transmission beam for generating
displacement and the displacement (an amplitude) of a gen-
erated shear wave have nonlinear relation, the displacement
(the amplitude) of the shear wave may cause the heterogene-
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ity of sonic velocity. The heterogeneity of sonic velocity that
proceeds from the amplitude can be evaluated by varying the
ultrasonic intensity of the transmission beam for generating
displacement when the ultrasonic intensity of the transmis-
sion beam for generating displacement is varied in place of
varying PRFp (m).

[0088] In this embodiment, after the evaluation of the het-
erogeneity of sonic velocity that proceeds from tissue struc-
ture, the heterogeneity of sonic velocity that proceeds from
frequency dispersion is evaluated, however, conversely, after
the heterogeneity of sonic velocity that proceeds from fre-
quency dispersion is evaluated, the heterogeneity of sonic
velocity that proceeds from tissue structure may be also
evaluated. Further, the evaluation of heterogeneity may be
also made in the arbitrary order of measurement in required
items of frequency dispersion, tissue structure and the ampli-
tude.

[0089] Besides, when the transmission beam for generating
displacement for evaluating the heterogeneity of sonic veloc-
ity that proceeds from frequency dispersion is radiated, the
transmission beam for generating displacement having a
broadband frequency characteristic, that is, like a pulse wave
including plural PRFps is radiated only once in place of
radiation at a repetition frequency PRFp in the radiation of
two or more types of transmission beams for generating dis-
placement, and parameters (the width of a temporal wave-
form, the velocity of a shear wave and others) related to the
heterogeneity may be also calculated. For the transmission
beam for generating displacement like a pulse wave, a coded/
decoded transmission beam for generating displacement can
be used for example. Hereby, as the transmission beam for
generating displacement has only to be radiated only once
and a shear wave has only to be detected only once, diagnostic
time can be reduced. Especially, as described in the first
embodiment, the evaluation of the heterogeneity of sonic
velocity that proceeds from tissue structure and the evaluation
of the heterogeneity of sonic velocity that proceeds from
frequency dispersion can be independently performed by
controlling a leading edge and a trailing edge in an amplitude
of the transmission beam for generating displacement and
comparing a case that PRFp is main like a hanning waveform
and a case that components of odd times of PRFp such as
3PRFp and 5PRFp are also included except PRFp like a
rectangular wave.

Fourth Embodiment

[0090] Another method of the method of evaluating the
heterogeneity of sonic velocity that proceeds from frequency
dispersion in the step S28 in the third embodiment will be
described in a fourth embodiment below. The sonic velocity ¢
(m) of a shear wave is estimated based upon a temporal
waveform of the displacement of the shear wave acquired in
a detection position x for PRFp (m).

[0091] FIG. 13 shows a graph 104 showing relation
between the sonic velocity ¢ (m) of a shear wave and a
repetition frequency PRFp (m) in the radiation of a transmis-
sion beam for generating displacement. The heterogeneity of
sonic velocity that proceeds from frequency dispersion is
calculated as difference dc (=c (m)-c (1) orc (m)—c (m-1))in
the sonic velocity of a shear wave for example. Otherwise the
heterogeneity of sonic velocity has a value acquired by mul-
tiplying dc by a central position (time) of a waveform of the
displacement of a shear wave. Otherwise the heterogeneity of
sonic velocity has a value acquired by multiplying dc by time
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tp at which a waveform of the displacement of a shear wave
reaches a peak. The central position (time) and the time tp at
which the waveform of the displacement reaches a peak are
calculated based upon the waveform of the displacement of
the shear wave, a waveform acquired by fitting the waveform
of the displacement of the shear wave and a waveform
acquired by removing noise after the waveform of the dis-
placement of the shear wave is fitted. It need scarcely be said
that the detection of the heterogeneity of sonic velocity in this
embodiment can be realized by a program in the heterogene-
ity detecting device 26 shown in FIG. 1 as in the above-
mentioned embodiment.

[0092] Inthis embodiment, the measurement of the hetero-
geneity of sonic velocity that proceeds from frequency dis-
persion and at the same time, a frequency of the velocity of a
shear wave, thatis, dependency upon arepetition frequency in
the radiation of the transmission beam for generating dis-
placement and the velocity of a mean shear wave for the
frequency can be simultaneously measured.

Fifth Embodiment

[0093] Next, an ultrasound diagnosis apparatus that detects
the heterogeneity of sonic velocity that proceeds from struc-
ture using a burst chirp mode will be described as a fifth
embodiment.

[0094] FIG. 14 is a block diagram showing a system for
executing this embodiment. The system is different from the
system described in the first to fourth embodiments in that a
beam time setting device 15 is added to a displacement gen-
erating unit 10 and a hardness spectrum calculating device 28
is added to a displacement detecting unit 20. The beam time
setting device 15 sets the irradiation time of a transmission
beam for generating displacement generated by a transmis-
sion beam generating device 13 for generating displacement.
In the displacement detecting unit 20, after signal processing
such as the detection of an envelope, the compression ofa log,
a band-pass filter and gain control is applied to the output of
areceived beam computing device for detecting displacement
23 in a detecting device 25, spectrum information of the
displacement of a shear wave is calculated in the hardness
spectrum calculating device 28. The spectrum information of
the displacement of the shear wave calculated in the hardness
spectrum calculating device 28 is input to a heterogeneity
detecting device 26 and in the heterogeneity detecting device
26, a value related to the heterogeneity is calculated.

[0095] Next, a method of transmitting the transmission
beam for generating displacement by the burst chirp mode
will be described using FIG. 15. At a focus F1 and a focus F2
respectively of a tissue of a subject shown in FIG. 15, two
transmission beams for generating displacement are con-
trolled so as to alternately generate displacement. Turning
on/off the radiation onto each focus of the transmission beams
for generating displacement is controlled in a central control
unit 3 and time for switching turning on/off is set in the beam
time setting device 16.

[0096] FIG. 16 shows a sequence of the transmission beam
for generating displacement by the transmission beam gen-
erating device for generating displacement 13 and transmis-
sion/received beams for detecting displacement by a trans-
mission beam generating device for detecting displacement
22 and the received beam computing device for detecting
displacement 23. In this case, a mode in which a value of Tm
is swept from a large value to a small value is called a burst
chirp mode. That is, FIG. 16 shows a sequence of the trans-
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mission beam for generating displacement when an interval
ATm (=T (m+1)-Tm) between switching cycles Tm and T
(m+1) is a negative constant. In this case, time at which the
first transmission beam for generating displacement is radi-
ated shall be zero.

[0097] First, the transmission beam for generating dis-
placement to the focus F11s turned on (=1)ina state in which
the transmission beam for generating displacement to the
focus F2 1s turned off (=0), displacement is caused at the focus
F1, and a shear wave is propagated. The transmission beam
for generating displacement to the focus F1 is ordinarily in an
ON state at the time of “O<t<T1”. Next, when time t is T1, the
transmission beam for generating displacement to the focus
F1 is turned off. At this time, the transmission beam for
generating displacement to the focus F2 is turned on, dis-
placement is caused at the focus F2, and a shear wave is
propagated. The transmission beam for generating displace-
ment to the focus F1 is turned off and the transmission beam
for generating displacement to the focus F2 is turned on at the
time of “T1=t<T1+T1”. In the above-mentioned sequence,
the switching cycle of the two transmission beams for gener-
ating displacement is T1.

[0098] When the radiation of the transmission beam for
generating displacement by the burst chirp mode is finished,
the transmission beam for detecting displacement and the
received beam are next sequentially turned on.

[0099] Next, the switching cycle Tm for turning on/off the
transmission beam for generating displacement is changed,
and the radiation of the transmission beam for generating
displacement and the detection of displacement are per-
formed. In this case, “m” represents a cycle in which the focus
F1 and the focus F2 are turned on at the “m”th time and m is
1,2, 3, - - - . The magnitude of the acoustic intensity a burst
onto each focus may be also the same or may be also different.
Shear waves generated at the focus F1 and at the focus F2
interfere with each other, being propagated according to the
irradiation of the transmission beam for generating displace-
ment, negate each other, and amplify each other. In the mean-
time, heat is caused at each focus together with displacement.

[0100] InFIG. 15, distance between the two focuses shall
be d. As a value of d gets smaller, that is, as distance between
the focus F1 and the focus F2 is reduced, a degree of inter-
ference increases. However, when the distance between the
focuses is reduced, the rise E of temperature between the
focuses becomes greater than temperature at the focus by heat
conduction and safety is deteriorated. Conversely, as “d” is
increased, the rise of temperature is inhibited and safety is
enhanced, however, a degree of interference gets small.
Accordingly, an optimum value of d is a value at which a
maximum value of the rise of temperature is similar to a
maximum value of the rise of temperature at each focus and
the interference of a wave is caused. Accordingly, the opti-
mum value d depends upon the depth of the focus, the irra-
diation time of the transmission beam for generating dis-
placement, a frequency, a diagnosed part and others.

[0101] The diagnosed part has an effect on sonic velocity,
the absorption of ultrasound, thermal conductivity and others
respectively in a living body. For example, in the case of a
liver, a range of d is 10A<d<30A and inthe case of a mammary
gland, a range of d is SA<d<30A.

[0102] The value d is read from a memory not shown by a
central control unit 3 and is set in a focal position setting
device 12. Further, a value related to the switching cycle is
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determined based upon the set value of d and estimated values
of the velocity of shear waves.

[0103] As described above, in this embodiment, shear
waves generated at the two focuses interfere, changing the
switching cycle, a switching cycle when an amplitude gets
great is calculated, and the heterogeneity of sonic velocity
that proceeds from structure is detected. A condition on which
an interference wave is amplified will be described below.
[0104] First, a case that sonic velocity that proceeds from
structure is homogeneous will be described. An inverse num-
ber of the switching cycle Tm is represented as a switching
frequency (a repetition frequency) fm and fin shall be 1/Tm.
In this case, a condition on which an interference wave is
amplified and an absolute value of displacement becomes a
peak value (a maximal value) is a case that distance d between
the two focuses is equivalent to (n+%2) times of a wavelength
., the condition can be expressed by a mathematical expres-
sion 2, and is shown in a waveform 105A in FIG. 17A. The
switching frequency fm at this time is expressed as fM (n).

A=) d=2m(n+15) )

[0105] However, k denotes a wave number (=27/A), ¢
denotes the velocity of a shear wave and n denotes 0 or a
positive integer (n=0, 1, 2, - - - ).

[0106] As TM (n)is 1/fM (n) when a value to be the peak
value of the switching cycle Tm is TM (n), a mathematical
expression 3 is derived from the mathematical expression 2.

TM(n)=d/c*(2/(2n+1)) 3

[0107] Forexample,inacasethatnis 1 anddis2[mm],TM
(Dis 1.3 [ms](fM (1)=750 [Hz]) when cis 1 [m/s], TM (1) is
1.1 [ms] (fM (1)=900 [Hz]) when c is 1.2 [mv/s]. The velocity
¢ of the shear wave can be calculated based upon a value of A
(n) and distance d between the two focuses. It is desirable that
Tm which is the switching cycle for turning on/off the trans-
mission beam for generating displacement is controlled in a
range of a few Hz to a few kHz. Besides, this art has a
characteristic that heterogeneity is detected according to not
a cycle of a carrier signal of the transmission beam for gen-
erating displacement but the sequence control of turning
on/off. Accordingly, beam width is narrowed by increasing a
frequency of the carrier and imaging at high spatial resolution
is enabled.

[0108] Next, a case that sonic velocity that proceeds from
structure is heterogeneous will be described. For example, a
case that the shear wave passes a medium having two differ-
ent sonic velocity will be described below.

[0109] As shown in FIG. 17B, in a graph showing relation
between an absolute value of the displacement of the shear
wave and fm, a peak corresponding to the sonic velocity c1 of
the shear wave emerges at the time of “fM (n)_c1” and
besides, a peak corresponding to the sonic velocity ¢2 of the
shear wave exists at the time of “fM (n)_c2”. Whenc2>c1 and
M(n+1)_c1>M(n+1)_c2, heterogeneity can be detected. In
the heterogeneity detecting device 26, the width of spectral
distribution for example is calculated as a parameter of het-
erogeneity equivalent to the width of the temporal waveform
in the first to fourth embodiments. In the calculation of the
width of spectral distribution, an absolute value of displace-
ment is calculated by dividing a value integrated ina direction
of fm by a peak value of the absolute value of displacement.
[0110] Theabove-mentioned method can be also applied to
a case that different two or more sonic velocities exist.
[0111] In the hardness spectrum calculating device 28
shown in FIG. 14, spectrum analysis is applied to an output
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signal from the detecting device 25 and spectrum information
is output to the heterogeneity detecting device 26.

[0112] A displacement detection point is set to a location
such as an observation point A of a waveform 106 shown in
FIG. 19 and a location such as an observation point B in which
displacement is minimum is required to be possibly avoided.
When a transient phenomenon such as the radiation of the
transmission beam for generating displacement is turned on
only once is observed, this consideration is not important so
much. However, as a maximal value and a minimal value of
the absolute value (=an amplitude value) of displacement
alternately emerge when the interference of the shear waves
having the two focuses as a sound source is used, a location in
which the absolute value of displacement is estimated to be
the maximal point on a raster for monitoring displacement is
selected or plural monitoring points are set, and such a device
that the maximal point is included in the observation point is
made. When the plural monitoring points are set, a differen-
tial value between an absolute value of displacement at the
maximal point and an absolute value of displacement at the
minimal point may be also regarded as an amount of displace-
ment.

[0113] FIG. 18 is a flowchart showing the diagnosis of
heterogeneity of sonic velocity that proceeds from structure
by the burst chirp mode in this embodiment. As steps S00 to
S04, S12 and S14 are the same as those in the flowchart in
measuring heterogeneity in the first embodiment, the descrip-
tion is omitted.

[0114] InS30,positions of the two focuses F1, F2, an initial
value Tstart and a final value Tend respectively of the switch-
ing cycle in the radiation onto the two focuses of the trans-
mission beam for generating displacement and an interval AT
are seft.

[0115]  As forthe positions of the two focuses, for example,
a central point of the two focuses (the center of a straight line
tying the two focuses of each set in this case) is set as a point
of interest (POI) and distance between the two focuses is set.
The POI can be also set using an input device such as a
keyboard, a mouse and a touch screen respectively not shown
by an operator with the operator watching the image dis-
played in the step S02 and besides, an estimated value calcu-
lated based upon a luminance value of the displayed image, a
contour of a tissue and others may be also automatically set in
the focal position setting device 12. When an operator manu-
ally sets POI, he/she can set a focus, avoiding a blood vessel
and others. As described above, distance between the two
focuses has a value smaller than distance in which two shear
waves interfere with each others and larger than the width of
the transmission beam for generating displacement radiated
onto each focus. When an operator determines focal posi-
tions, the above-mentioned optimum value of the distance d
or a maximum value and a minimum value of optimum dis-
tance d is/are displayed on a screen and the operator deter-
mines the positions based upon these. When the distance is
set, a value of n in the mathematical expression 3 and opti-
mum observation points are determined based upon esti-
mated velocity of the shear waves. The observation point is
determined based upon a maximal point of an absolute value
of the displacement of the shear wave or plural positions
including the maximal point in the propagational distance of
the shear wave. The observation point is automatically set or
is set via the input device by the operator. A raster used for the
detection of an amplitude (a few pmto a few tens pm) of shear
wave propagation on the observation point and a sampling
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point on the raster are determined. In each raster, PRF (a
frequency of pulses repeatedly transmitted) of the reception
of a beam for detecting displacement is set so that Nyquist’s
theorem is met for an estimated frequency of the shear wave.
For example, when the raster is the same as a direction of the
displacement of the shear wave, the PRF is set to double or
more times of the frequency of the shear wave. Determined
“n” and the observation point may be also displayed on the
screen. The initial value Tstart and the final value Tend are set
to values at which a peak is acquired in a range where the
mathematical expression 3 is met for a measured part and the
distance d between the two focuses. These set values may be
also automatically set according to the measured part, depth
and the distance between the focuses and the operator may
also set them using the input device.

[0116] Next, in a step S32, after a reference signal used for
correlation operation performed when the displacement of
the shear wave is detected is acquired, a burst chirp signal is
transmitted at the switching cycle of T1 (=Tstart) and the
shear wave is generated at the two focuses.

[0117] In a step S06, the beam for detecting displacement
for observing the shear waves is transmitted and received. The
detection of displacement at each observation point may be
also ordinarily performed since the burst chirp signal is turned
off until the shear waves reach all observation points and pass
them or time since the shear waves reach until they pass is
calculated based upon distance between the focus and the
observation point and the estimated velocity of the shear wave
beforehand and the detection may be also performed only for
the time. As in the latter method, the PRF can be increased, the
high-precision detection of displacement is enabled. After a
signal equivalent to fm is extracted from a received signal in
signal processing such as a band-pass filter in the detecting
device 25, well-known correlation operation and others are
performed and the displacement of the shear waves is calcu-
lated. The correlation operation is performed using the refer-
ence signal and an echo signal every time received by the
beam for detecting displacement. A temporal waveform of an
amplitude of the shear wave at each observation point is
acquired by the operation.

[0118] Inastep S34, itis determined whether the switching
cycle Tm immediately before is Tend or not. When the
switching cycleis not Tend, control is returned to the step S32
and a burst chirp signal is transmitted at a switching cycle of
next (Tm+1). When a reference signal is acquired again in the
step S32, the robustness of correlation operation by the dis-
placement of the focal position during measurement
increases. Besides, as for the transmission of a burst chirp
signal after the switching cycle of (Tm+1), the acquisition of
a reference signal is omitted and if correlation operation is
executed using the first acquired reference signal, measure-
ment time can be reduced.

[0119] In the case of Tend, in a step S08 shown in FIG. 18,
the evaluation of heterogeneity is performed. Spectrum infor-
mation output from the hardness spectrum calculating device
28 may be also output to the heterogeneity detecting device
26 every time the displacement of the shear wave is measured
in the step S06 and after determination as Tend in a step S34,
the spectrum information may be also output to the hetero-
geneity detecting device 26 together after the measurement of
displacement is made at all Tm. As described above, an evalu-
ation value of heterogeneity is equivalent to the width of
spectral distribution calculated in the heterogeneity detecting
device 26. In a step S10 shown in FIG. 18, a value showing
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measured heterogeneity, for example, the width of spectral
distribution is displayed on the screen of a display 5 together
with an image of a section.

[0120] As shown in FIG. 20, a result of calculation is dis-
played as a numeric value on the same screen as the image of
the section 107. Besides, the positions F1, F2 of the two
focuses and the distance d may be also displayed with them
superimposed on the image of the section 107 and they may
be also displayed on the screen together with the initial value
Tstart and the final value Tend of the switching cycle in the
radiation of the transmission beam for generating displace-
ment and the interval AT. Hereby, the operator watches the
displayed image and graph, changes a measurement param-
eter such as the positions of the two focuses, the distance d,
the initial value Tstart and the final value Tend of the switch-
ing cycle and the interval AT, and can measure again. Though
not shown, as shown in the middle figure in FIG. 9 in the first
embodiment, the width of spectral distribution is displayed in
color in ROT in another display method. At that time, a color
bar corresponding to the width of spectral distribution is
displayed on the same screen and the operator can visually
judge a degree of the heterogeneity of the measured part. In
the color bar, a scaling value corresponding to the measured
part is read from a storage not shown and others via the central
control unit 3 beforehand and the color bar is scaled. Besides,
a space derivative related to the propagation x of the shear
wave for the width D_S of spectral distribution in each posi-
tion X (n), that is, dD_S/dx is calculated and the information
of the width of spatial spectral distribution can be also
mapped in ROI. On the screen at that time, a color map
representing the space derivative of the width of spectral
distribution and the color bar corresponding to the space
derivative of the width of spectral distribution are displayed in
ROI. Heterogeneity having higher spatial resolution can be
diagnosed by displaying a value of the space derivative. Varia-
tions of the method of detecting the heterogeneity of sonic
velocity that proceeds from structure by the burst chirp mode
will be described below.

[0121] Control is made so that turning on/off the transmis-
sion beam for generating displacement toward the two
focuses are alternate, however, control is made so that turning
on/off the beam toward the two focuses is simultaneous and
displacement can be also generated at the same time. In this
case, as interference waves are amplified and a peak emerges
when d is equivalent to (n+1) times of a wavelength A, a
mathematical expression 4 is acquired corresponding to the
mathematical expression 2.

rd=(nfic)td=2m{n+1) )

[0122] For a high-precision measurement method of the
heterogeneity of sonic velocity, the interval AT of the switch-
ing cycle is roughly set at the first time, measurement is made,
TM is calculated, in the next measurement, the interval AT of
the switching cycle in the vicinity of TM is set to a stricter
value, and a more detailed value of TM may be also calcu-
lated. Stricter difference in velocity can be detected by more
strictly setting a value of the interval AT of the switching
cycle as described above and the high-precision evaluation of
the heterogeneity of sonic velocity is enabled.

[0123] Besides, after on-off control over the same Tm is
repeated several times without changing each switching cycle
Tm to the next switching cycle T (m+1) by one on-off control,
each switching cycle may be also set to the next switching
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cycle. More sensitive measurement is enabled by repeating
on-off control over the same Tm several times.

[0124] A value of Tm is varied from a larger value to a
smaller value, however, conversely, the value can be also
varied from a smaller value to a larger value and ATm can be
also varied based upon a certain function such as geometrical
series except a fixed value.

[0125] Further, the method of measuring the heterogeneity
of sonic velocity based upon a peak value (a maximal value)
is described above, however, a minimal value may be also
used. In that case, in the waveform 105A showninFIG. 17, kd
has values of 2, 37, - - - .

[0126] Furthermore, the method of radiating the transmis-
sion beam for generating displacement onto the two focuses is
described above, however, two or more (for example, four)
focuses are set at an equal interval on one line in a living body
and the transmission beam for generating displacement can
be also radiated onto every other focus in the same sequence
as the focus F1 or the focus F2 (for example, the sequence of
the focus F1, the sequence of the focus F2, the sequence of the
focus F1 and the sequence of the focus F2 respectively shown
in FIG. 17 sequentially from an end for the four focuses).

[0127] Furthermore, a method of fixing a switching cycle,
varying distance d between focuses and measuring is also
conceivable. In this method, as a position in which the trans-
mission beam for generating displacement is focused can be
changed, the rise of temperature in a living body is decreased
and safe measurement is enabled.

[0128] Furthermore, the radiation of the transmission beam
for generating displacement and the transmission/reception
of the beam for detecting displacement can be also finished
only once by using a random wave including plural switching
frequencies fm in place of switching a burst switching fre-
quency fm and transmitting the beam. Spectral analysis is
made after the calculation of the displacement of the shear
wave and displacement for the plural switching frequencies
fm is calculated. Hereby, measurement time can be reduced.

[0129] The case that the burst chirp mode is applied for the
method of evaluating the heterogeneity of sonic velocity that
proceeds from tissue structure has been described. The burst
chirp mode can be also applied when it is determined that the
heterogeneity of sonic velocity that proceeds from tissue
structure exists and concrete shear wave velocity is estimated.
For example, suppose that structures having two different
shear wave velocity exist in measured ROI and shear wave
velocity 1, 2 is estimated using the parameters calculated in
the mathematical expression 1 in the second embodiment. At
that time, to acquire higher-precision measurement, the burst
chirp mode is applied. First, TM1 and TM2 corresponding to
the shear wave velocity ¢l and c2 are calculated in the math-
ematical expression 3. Next, more precise shear wave veloc-
ity ¢1, 2 can be measured by setting strict AT also based upon
switching frequencies in the vicinity of TM and calculating a
more detailed value of TM. The shear wave velocity c1, ¢2
can be also estimated based upon M (n)_c1 and M (n)_c2 in
this embodiment in addition to estimating the shear wave
velocity in the mathematical expression 1 in the second
embodiment.

[0130] As in the second embodiment, as to a waveform
after fitting and noise removing processing are applied to an
absolute value of displacement, parameters related to half-
width, an amplitude value and fm are calculated and hetero-
geneity may be also evaluated using a value acquired by
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calculating using these parameters or plural parameters, an
arbitrary threshold and others.

[0131] When the heterogeneity of sonic velocity that pro-
ceeds from frequency dispersion is evaluated at repetition
frequencies PRFp (1) and PRFp (2) in the radiation of the two
different transmission beams for generating displacement,
the width of spectral distribution can be similarly calculated
based upon relation between the absolute value of displace-
ment and fm. Further, the above-mentioned method may be
also applied to the evaluation of heterogeneity that proceeds
from amplitude.

[0132] In the embodiments of the present invention, the
following two types of ultrasound diagnosis apparatuses have
been described in detail. The first type is the ultrasound diag-
nosis apparatus which is provided with the ultrasound probe
that transmits/receives an echo signal from a subject, the
displacement generating unit that radiates the ultrasonic
focused beam onto the subject so as to displace a tissue and
the displacement detecting unit that receives the echo signal
from the subject and detects a temporal waveform of the
displacement of the shear wave generated by the ultrasonic
focused beam in plural positions and in which the displace-
ment detecting unit is provided with the heterogeneity detect-
ing device that evaluates the heterogeneity of the subject
based upon the temporal waveform of the displacement of the
detected shear wave. The second type is the ultrasound diag-
nosis apparatus which is based upon the ultrasound diagnosis
apparatus that diagnoses a subject by ultrasound, which is
provided with the ultrasound probe that transmits/receives an
echo signal from the subject, the displacement generating unit
that radiates the ultrasonic focused beam onto the subject so
as to displace a tissue and the displacement detecting unit that
receives an echo signal from the subject and detects a tempo-
ral waveform of the displacement of the shear wave generated
by the ultrasonic focused beam in plural positions and in
which the displacement generating unit is provided with the
transmission beam generating device for generating displace-
ment that generates the ultrasonic focused beam and the beam
frequency setting device that sets a frequency of the ultra-
sonic focused beam and the displacement detecting unit is
provided with the heterogeneity detecting device that evalu-
ates the heterogeneity of the subject based upon the detected
displacement of the shear wave.

[0133] Inthe above-mentioned all embodiments, when the
shear wave is generated, a well-known method such as
mechanical driving (a DC motor, a vibrating pump and oth-
ers), manual pressure, pressure by an electric pulse and the
movement of a blood vessel, a heart and others may be also
used in place of the transmission beam for generating dis-
placement.

[0134] Besides, it is described above that the width in a
propagation direction of the shear wave (in this case, the
width in an azimuth) is determined based upon the effective
propagation distance of the shear wave in the dimension of
ROI set in the step S04. Moreover, it is described above that
the vertical width (in this case, the width in a direction of
depth) in the propagation direction of the shear wave of mea-
sured ROI is determined based upon the width of a sound
source in a direction in which the transmission beam for
generating displacement is propagated, for example, in the
direction of depth in a body in FIG. 2. For a method of setting
the dimension of another ROI, heterogeneity in the ROI can
be also detected, scanning by setting the dimension of the ROI
to be larger than the dimension described in the step S04 and
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generating the shear wave, shifting a position which the trans-
mission beam for generating displacement irradiates.

[0135] In addition, a two-dimensional probe may be also
used in place of the linear array type probe. Further, a well-
known piezo-electric element and a well-known electrostatic
element made of a ceramic, polymeric materials, silicon and
others for example are used for each element of the ultrasound
probe 1.

[0136] Furthermore, a virtual plane wave of the shear wave
is generated by radiating the plural transmission beams for
generating displacement in the propagation direction and
effective propagation distance can be also extended.

[0137] Furthermore, a part different from a peripheral tis-
sue in a degree of homogeneity is extracted by image pro-
cessing based upon pixel information (a luminance value and
others) of an image showing heterogeneity in an image of a
section displayed on the display 5 in an image processing unit
not shown and the part estimated to be a lesion tissue (a
tumor) may be also displayed on the screen. For the extraction
of the part different from the peripheral tissue in the degree of
homogeneity, in addition to using an image displayed on the
display 5, quantity showing heterogeneity calculated in the
heterogeneity detecting device 26 can be also extracted by
signal processing in the heterogeneity detecting device. A
location judged as the lesion tissue may be further also ana-
lyzed using the existing diagnostic function test (Doppler
method) and others.

[0138] Forameasuring object in the above-mentioned vari-
ous embodiments, a liver, a mammary gland, a blood vessel
and a prostate can be given for example.

REFERENCE SIGNS LIST

[0139] 1 --- Ultrasound probe, 2 - - - Switch for switching
transmission/reception, 3 - - - Central control unit, 4 - - -
Digital scan converter, 5 - - - Display, 10 - - - Displacement
generating unit, 11 - - - Transmission waveform generating
device for generating displacement, 12 - - - Focal position
setting device, 13 - - - Transmission beam generating device
for generating displacement, 14 - - - Beam frequency setting
device, 15 - - - Beam time setting device, 20 - - - Displacement
detecting unit, 21 - - - Transmission waveform generating
device for detecting displacement, 22 - - - Transmission beam
generating device for detecting displacement, 23 - - -
Received beam computing device for detecting displacement,
25 - - - Detecting device, 26 - - - Heterogeneity detecting
device, 28 - - - Hardness spectrum calculating device, 100 - -
- Each element of ultrasound probe 1.

1. An ultrasound diagnosis apparatus, comprising:

an ultrasound probe that receives and transmits an echo
signal from the inside of a subject;

a displacement generating unit that radiates an ultrasonic
focused beam to the inside of the subject so as to displace
a tissue; and

a displacement detecting unit that receives the echo signal
from the subject and detects a temporal waveform of the
displacement of a shear wave generated by the ultrasonic
focused beam in a plurality of positions, wherein:

the displacement detecting unit is provided with a hetero-
geneity detecting device that evaluates the heterogeneity
of the subject based upon the temporal waveform of the
detected displacement of the shear wave.

2. The ultrasound diagnosis apparatus according to claim

1, wherein:
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the heterogeneity detecting device acquires at least two
informations from the temporal waveform of the dis-
placement of the shear wave, calculates the width of the
temporal waveform based upon the acquired two infor-
mations, and evaluates the heterogeneity.
3. The ultrasound diagnosis apparatus according to claim
1, wherein:
the heterogeneity is the heterogeneity of the sonic velocity
of the shear wave that proceeds from the structure of the
subject.
4. The ultrasound diagnosis apparatus according to claim
1, wherein:
the heterogeneity is the heterogeneity of the sonic velocity
of the shear wave that proceeds from frequency dispet-
sion.
5. The ultrasound diagnosis apparatus according to claim
2, wherein:
the two informations acquired from the temporal wave-
form of the displacement of the shear wave are an inte-
grated value and a maximum amplitude value respec-
tively of the temporal waveform of the displacement of
the shear wave.
6. The ultrasound diagnosis apparatus according to claim
2, wherein:
the two informations acquired from the temporal wave-
form of the displacement of the shear wave are half-
width and a maximum amplitude value respectively of
the temporal waveform of the displacement of the shear
wave.
7. The ultrasound diagnosis apparatus according to claim
1, wherein:
the heterogeneity detecting device calculates the number
of peaks of the shear wave and evaluates the heteroge-
neity.
8. The ultrasound diagnosis apparatus according to claim
1, wherein:
the heterogeneity detecting device performs space differ-
ential operation for the displacement of the shear wave.
9. The ultrasound diagnosis apparatus according to claim
1, wherein:
the displacement generating unit is provided with a focal
position setting device that sets a focal point of the
ultrasenic focused beam.
10. The ultrasound diagnosis apparatus according to claim
9, wherein:
the focal position setting device can set a focal point of the
ultrasonic focused beam in different positions in the
subject.
11. An ultrasound diagnosis apparatus that diagnoses a
subject by ultrasound, comprising:
an ultrasound probe that receives and transmits an echo
signal from the inside of the subject;
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a displacement generating unit that radiates an ultrasonic
focused beam to the inside of the subject so as to displace
a tissue; and
a displacement detecting unit that receives the echo signal
from the subject and detects a temporal waveform of the
displacement ofa shear wave generated by the ultrasonic
focused beam in plurality of positions, wherein:
the displacement generating unit is provided with a trans-
mission beam generating device for generating displace-
ment that generates the ultrasonic focused beam and a
beam frequency setting device that sets a frequency of
the ultrasonic focused beam; and
the displacement detecting unit is provided with a hetero-
geneity detecting device that evaluates the heterogeneity
of the subject based upon the detected displacement of
the shear wave.
12. The ultrasound diagnosis apparatus according to claim
11, wherein:
the heterogeneity detecting device acquires at least two
informations from the temporal waveform of the dis-
placement of the shear wave, calculates the width of the
temporal waveform based upon the acquired two infor-
mations, and evaluates the heterogeneity using a preset
threshold.
13. The ultrasound diagnosis apparatus according to claim
11, wherein:
the heterogeneity evaluated by the heterogeneity detecting
device is the heterogeneity of sonic velocity that pro-
ceeds from the structure of the subject or the heteroge-
neity of the sonic velocity of a shear wave that proceeds
from frequency dispersion.
14. The ultrasound diagnosis apparatus according to claim
11, wherein:
the heterogeneity detecting device evaluates the heteroge-
neity of the sonic velocity of a shear wave that proceeds
from frequency dispersion after the heterogeneity
detecting device evaluates the heterogeneity of sonic
velocity that proceeds from the structure of the subject.
15. The ultrasound diagnosis apparatus according to claim
11, wherein:
the displacement generating unit is further provided with a
beam time setting device that sets irradiation time of an
ultrasonic focused beam generated by the transmission
beam generating device for generating displacement;
and
the displacement detecting unit is further provided with a
hardness spectrum calculating device that calculates a
spectrum of the hardness of the subject based upon the
temporal waveform of the detected displacement of the
shear wave.
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