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tude of the elasticity value for the elasticity data configuring
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1
ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC IMAGE DISPLAY
METHOD

FIELD OF THE INVENTION

The present invention relates to an ultrasonic diagnostic
apparatus which uses ultrasonic waves to display an ultra-
sonic image of a diagnostic region in an object to be exam-
ined, and more particularly, to an ultrasonic diagnostic appa-
ratus capable of displaying an elasticity image representing
the hardness of a living organ of the object as a 3-dimensional
image.

DESCRIPTION OF RELATED ART

As described in Patent Documents 1 and 2, a conventional
ultrasonic diagnostic apparatus transmits ultrasonic waves
into an object, receives the ultrasonic reflected echo signal of
a living organ from the reflected wave, performs signal pro-
cessing on the signal to generate and display a black and white
tomographic image (B-mode image) of a diagnostic region
having the reflectance as its luminance.

Patent Document 2 has disclosed a technique involving
performing 3-dimensional coordinate conversion from the
black and white tomographic image and its acquired position
to obtain 3-dimensional volume data including a plurality of
tomographic image data sets arranged 3-dimensionally and
then performing volume rendering thereof to provide a black
and white 3-dimensional image of a diagnostic region viewed
from an arbitrary direction of line of sight. A disclosed tech-
nique of the rendering includes providing an opacity for each
of voxels constituting the 3-dimensional volume data in
accordance with the value of the luminance of the voxel,
sequentially accumulating the luminance values of the voxels
on the line of sight until the accumulated value of the opaci-
ties of the voxels arranged on the line of sight reaches one, and
using the accumulated luminance value as a pixel value on a
2-dimensional projection plane.

Patent Documents 1 and 2 have also disclosed a technique
of determining an elasticity image of a diagnostic region.
First, two frames of the black and white tomographic image
are selected, block matching or the like is performed to deter-
mine the displacement of each point on the image between the
two frames, the determined displacement is subjected to
known calculations to determine the elasticity value (such as
strain and coefficient of elasticity) representing the hardness
for each point on the image. The magnitude of the determined
elasticity value is converted into hue information based on a
color conversion table to obtain the 2-dimensional elasticity
image representing the elasticity value as the hue.

In addition, Patent Document 2 has disclosed a technique
in which, in order to solve the problem of being incapable of
obtaining a 3-dimensional image of an inner lesion portion
hidden by outer voxels having high opacities in a 3-dimen-
sional gray-scale image, an opacity is provided foreach of the
voxels in the 3-dimensional volume data obtained from the
black and white tomographic image in accordance with the
magnitude of the elasticity value to perform volume render-
ing. This can provide the 3-dimensional gray-scale image
showing a hard organ more opaquely and a soft organ more
transparently.

In Patent Document 2, a plurality of 2-dimensional elas-
ticity images are coordinate-converted into 3-dimensional
volume data which is then subjected to volume rendering to
produce a 3-dimensional elasticity image. In the typical ren-
dering method in which voxel values are simply accumulated,
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a problem occurs in which the elasticity values are accumu-
lated to provide the 3-dimensional elasticity image including
distorted elasticity characteristics of aliving organ, so that the
luminance data of the black and white tomographic image is
used to determine the voxel having the highest contribution
on the line of sight, and the elasticity value of that voxel is
used as the elasticity value of the 2-dimensional projection
plane to generate the 3-dimensional elasticity image.

For the display method, the black and white tomographic
image (2-dimensional) and the 2-dimensional elasticity
image are displayed one on the other in Patent Document 1. In
Patent Document 2, the black and white 3-dimensional image
and the 3-dimensional elasticity image are superimposed into
one image which is then displayed together with the black and
white tomographic images in three directions on one screen.

Patent Document 3 has disclosed displaying a black and
white tomographic image and a 2-dimensional elasticity
image together on one screen and superimposing and display-
ing the black and white tomographic image on the 2-dimen-
sional elasticity image.

PRIOR ART REFERENCES
Patent Documents

Patent Document 1: WO2005/048847
Patent Document 2: JP-A-2008-259605
Patent Document 3: JP-A-2000-60853

SUMMARY OF THE INVENTION
Technical Problems

In the conventional method for obtaining an elasticity
image of an object, as described in Patent Documents 1 and 2,
a black and white tomographic image of two frames is
selected and the amount of displacement between the two
frames caused by applied pressure is acquired in the respec-
tive points on an image, so as to obtain the elasticity value
(strain, elasticity modulus, etc.) on the basis of the acquired
displacement.

In this manner, the elasticity value becomes large in bio-
logical tissue which is soft and subjected to a large amount of
distortion and the elasticity value becomes small in biological
tissue which is hard and subjected to a small amount of
distortion.

Though often the tissue that an operator seeks to clearly
observe is hard tissue such as a tumor, the elasticity value of
hard tissue 1s small, and the elasticity value of the soft tissue
which covers the hard tissue is large. The conventional vol-
ume rendering method for generating 3-dimensional gray-
scale images includes providing an opacity for each of the
voxels constituting the 3-dimensional volume data in accor-
dance with the value of the luminance of the voxel, sequen-
tially accumulating the luminance values of the voxels on the
line of sight until the accumulated value of the opacities of the
voxels arranged on the line of sight reaches one, and using the
accumulated luminance value as a pixel value on a 2-dimen-
sional projection plane. For this reason, if the volume render-
ing method is applied to the rendering of volume data of an
elasticity value, the contribution rate of the voxels which is
soft and have a large elasticity value to a 2-dimensional pro-
jection plane becomes high, whereby making it difficult to
display a noteworthy hard tissue which is inside of a soft
tissue.

Ifthe data of the voxel in soft tissue having a large elasticity
value is removed by means such as filtering, though a 3-di-
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mensional image of the voxels of hard tissue can be obtained,
since the elasticity values of the hard tissue’s are small and the
integrated value by rendering also becomes small, thus it is
hard to obtain a clear 3-dimensional image with high contrast.

While the technique disclosed in Patent Document 2 pet-
forms rendering to obtain a 3-dimensional image of a lesion
which is hidden inside soft tissue by providing opacity to the
respective voxels of the 3-dimensional volume data which is
acquired from a black and white tomographic image accord-
ing to the magnitude of the elasticity value, a 3-dimensional
elasticity image cannot be obtained from doing so since the
integrated value to be calculated by this technique is the
luminance data (ultrasonic reflectivity) of a black and white
tomographic image.

The objective of the present invention is to provide the
ultrasonic diagnostic apparatus capable of clearly depicting a
3-dimensional elasticity image of a region having a notewor-
thy hardness.

BRIEF SUMMARY OF THE INVENTION

In order to achieve the above-described objective, in accor-
dance with the present invention, the following ultrasonic
diagnostic apparatus will be provided. The ultrasonic diag-
nostic apparatus comptrises:

an elasticity image volume data creating unit configured to
create volume data from the elasticity value data which shows
the elasticity using the signal received by transmitting an
ultrasonic wave to the inside of an object;

an elasticity value converting unit configured to count the
frequency for every magnitude of elasticity value with respect
to the elasticity value data which constitutes volume data for
each magnitude of the elasticity value, and converts the elas-
ticity values within a prescribed range which is determined
based on the frequency into a large value and the elasticity
values outside the prescribed range into a small value; and

avolume rendering unit configured to generate a 3-dimen-
sional elasticity image by rendering the post-conversion vol-
ume data by the elasticity value converting unit.

Also, another aspect of the present invention provides the
method of displaying ultrasonic images. The display method
of ultrasonic images generates and displays a 3-dimensional
elasticity image by generating the volume data constituted by
the elasticity value data showing the elasticity using the signal
received by transmitting an ultrasonic wave to the inside of an
object, counting the frequency by each magnitude of the
elasticity value with respect to the elasticity value data that
constitute volume data, converting the elasticity values within
a prescribed range which is determined based on the fre-
quency into a large value and the elasticity values outside the
prescribed range into a small value, and rendering the post-
conversion volume data.

EFFECT OF THE INVENTION

In accordance with the present invention, in the case of
integrating the elasticity values by volume rendering, the
elasticity value which is determined by the frequency in the
region having a noteworthy hardness becomes large, whereby
making it possible to generate a 3-dimensional elasticity
image having a large contrast in the region with noteworthy
hardness.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the configuration of the
ultrasonic diagnostic apparatus of an embodiment.
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FIG. 2 is a flowchart showing the operation of the elasticity
value converting unit in a first embodiment.

FIG. 3(a) is a graph in the first embodiment showing the
relationship between the elasticity value generated by the
elasticity value converting unit and the frequency, and (b)isa
graph in the first embodiment showing the relationship
between the post-conversion elasticity value (relative value)
in the elasticity value converting unit and the elasticity value
(relative value) before the conversion.

FIG. 4(a) is an explanatory diagram showing a screen
example in which a 3-dimensional elasticity image obtained
in the first embodiment and a composite image of a 2-dimen-
sional elasticity image and a black and white tomographic
image are displayed, (b) is an enlarged view of a color map 15
in (a), and (¢) is an explanatory diagram showing a screen
example in which a 3-dimensional elasticity image of a com-
parative example and a composite image of a 2-dimensional
elasticity image and a black and white tomographic image are
displayed.

FIG. 5(a) is a graph in a second embodiment showing the
relationship between the elasticity values generated in the
elasticity value converting unit and the frequency, and (b)is a
graph in the second embodiment showing the relationship
between the post-conversion elasticity values (relative value)
in the elasticity values converting unit and the pre-conversion
elasticity value (relative value).

FIG. 6 is an explanatory diagram showing a 3-dimensional
elasticity image which is obtained in the second embodiment.

FIG. 7(a) is a graph in a third embodiment showing the
relationship between the elasticity value generated by the
elasticity value converting unit and the frequency, and (b)isa
graph in the third embodiment showing the relationship
between the post-conversion elasticity value (relative value)
in the elasticity value converting unit and the elasticity value
(relative value) before the conversion.

FIG. 8(a) 1s a graph in a fourth embodiment showing the
relationship between the elasticity value generated in the
elasticity value converting unit and the frequency, and (b)isa
graph in the fourth embodiment showing the relationship
between weight w generated by the elasticity value convert-
ing unit and the elasticity value (relative value) before the
conversion.

DETAILED DESCRIPTION OF THE INVENTION

The ultrasonic diagnostic apparatus in an embodiment of
the present invention will be described below referring to the
attached diagrams. In the present embodiment, a B-mode
image showing the distribution of the ultrasonic reflection of
tissue ina predetermined cross-section of an object is referred
to as a black and white tomographic image, a 2-dimensional
projection image in which the volume data constituted by the
data of a black and white tomographic image is rendered is
referred to as a 3-dimensional image, an image showing the
2-dimensional distribution in a predetermined cross-section
of the elasticity value that represents the elasticity of tissue in
the object 1s referred to as a 2-dimensional elasticity image,
and a 2-dimensional projection image in which the volume
data constituted by the data of a 2-dimensional elasticity
image is rendered is referred to as a 3-dimensional elasticity
image.

As shown in FIG. 1, the ultrasonic diagnostic apparatus
comprises a probe 2 to be used by applying to an object 1, a
transmission unit 3 configured to repeatedly transmit ultra-
sonic waves to a diagnostic region in the object 1 via the probe
2 at predetermined intervals, a reception unit 4 configured to
receive the reflected echo signals reflected from the object 1
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in the time series, an ultrasonic transmission/reception con-
trol unit 5, and a phasing and adding unit 6 configured to
perform phasing and adding of the received reflected echoes.

The probe 2 includes plural transducers arrayed in a linear
or sector form, and ultrasonic waves are transmitted and
received between the transducers and the object 1. The probe
2 is provided with a function to mechanically scan plural
transducers in the direction orthogonal to the array direction
thereof (minor-axis direction), thus is capable of 3-dimen-
sionally transmitting and receiving ultrasonic waves. The
ultrasonic probe 2, by using the type in which plural trans-
ducers are 2-dimensionally arrayed, may have the configura-
tion capable of 3-dimensionally transmitting and receiving
ultrasonic waves without mechanically oscillating the trans-
ducers.

The transmission unit 3 generates a transmission pulse for
producing ultrasonic waves by driving the probe 2. At that
time, it controls the phase of the transmission signal to be
transferred to the respective transducers of the probe 2, and
sets the conversion point of the transmitted ultrasonic waves
at a certain depth. Also, the reception unit 4 generates an RF
signal, i.e. a reception signal by amplifying the reflected echo
signal received by the respective transducers of the probe 2 at
a predetermined gain. The ultrasonic transmission/reception
control unit 5 controls devices such as the transmission unit 3
and the reception unit 4. The phasing and adding unit 6
generates RF signal frame data (which is equivalent to RAW
data) by phasing and adding the phase of the RF signals and
forming an ultrasonic beam which is converged with respect
to one or plural conversion points.

Also, the ultrasonic diagnostic apparatus comprises an
interface unit 43 configured to receive the setting from an
operator, an image display unit 13, a switching and adding
unit 12 configured to switch the kind of images to be dis-
played on the image display unit 13, an image system control
unit 44 and a minor-axis scan position control unit 45. The
minor-axis scan position control unit 45 performs 3-dimen-
sional transmission and reception in a predetermined range
by controlling the operation of the probe 2 to be mechanically
scanned in the direction orthogonal to the array direction of
the plural transducers.

Further, the ultrasonic diagnostic apparatus further com-
prises, as the configuration for generating from RF frame data
a black and white tomographic image and a 3-dimensional
image of a diagnostic region having the ultrasonic reflection
as the luminance, a tomographic image constructing unit 7, a
tomographic image storing unit 35, a tomographic image
volume data creating unit 36, a volume rendering unit 38 and
a multi-frame constructing unit (tomographic image) 46. In
addition, as the configuration for generating from RF frame
data a 2-dimensional elasticity image and a 3-dimensional
elasticity image, it comprises an RF signal frame data storing
unit 27, an RF signal frame data selecting unit 28, a displace-
ment measuring unit 30, an elasticity information calculating
unit 32, an elasticity image constructing unit 34, a 2-dimen-
sional elasticity image storing unit 39, an elasticity image
volume data creating unit 40, a volume rendering unit 42, a
multi-frame constituting unit (elasticity image) 48 and an
elasticity value converting unit 51.

The tomographic image constructing unit 7 performs pro-
cessing such as gain compensation, log compression, detec-
tion, edge enhancement and filtering with respect to the RF
signal frame data generated in the phasing and adding unit 6,
and generates a black and white tomographic image (B-mode
image) of a diagnostic region having the reflection rate as the
luminance (shading). At that time, the image system control
unit 44 receives the condition for generating black and white
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6

tomographic images from the operator via the interface unit
43, and controls the tomographic image constructing unit 7.

The tomographic image storing unit 35 subjects the black
and white tomographic image constructed by the tomo-
graphic image constructing unit 7 to correspond with its
acquiring position and stores them. The acquiring position
here means the moving distance in the minor-axis direction
under control of the minor-axis scan position control unit 45.
The volume data creating unit 36 creates 3-dimensional vol-
ume data by performing coordinate conversion which re-
arranges the plural black and white tomographic images (for
one volume) stored in the tomographic image storing unit 35
in accordance with the moving direction in the minor-axis
direction.

The volume rendering unit 38 constructs a 3-dimensional
image (a 2-dimensional projection image of 3-dimensional
volume data) of a diagnostic region in an object by volume
rendering the 3-dimensional volume data generated by the
volume data creating unit 36 on the basis ofthe luminance and
opacity using the following expressions (1)~(3). The projec-
tion direction (line-of-sight direction) is received from an
operator by the image system control unit 44 via the interface
43.

Cout(i)=Cout(i-1 +(1-Aout(i-1))-4(i)-C()-S@F) expression (1)

Aout(i)=Aout(i-1)+(1-4outii-1))-A () expression (2)

A(i)=Bopacity[C(i)] expression (3)

In the expression (1), Cout(i) represents the value output as
the pixel value of the 2-dimensional projection plane. C(i)
represents the luminance value of an i-th voxel (where i=0 to
N-1) present on the line of sight when the 3-dimensional
image is viewed from a certain point on the 2-dimensional
projection plane. The voxel refers to the position of each of
luminance data sets constituting the 3-dimensional volume
data. When N voxels are arranged on the line of sight, the
luminance value Cout(N-1) calculated by accumulating the
luminance values of the voxels (i=0 to N-1) with the expres-
sion (1) is the pixel value to be output finally. Cout(i-1)
represents the accumulated value up to an (i-1)-th voxel.

A(i) in the expression (1) represents the opacity of the i-th
voxel present on the line of sight and takes values ranging
from 0 to 1.0. The opacity A(i) is determined in accordance
with the magnitude of the luminance value of the voxel by
referencing a table (Bopacity[C(i)] defining the predefined
relationship between luminance value C(i) and opacity or by
substituting the luminance value C(i) into a function (Bopac-
ity[C(1)] defining the predefined relationship between the
luminance value C(i) and opacity as shown in the expression
(3). For example, a higher opacity is provided for a voxel
having a higher luminance value. The opacity thus provided
in accordance with the luminance value determines the con-
tribution rate of the luminance value C(i) of the voxel to the
luminance value Cout(N-1) of the 2-dimensional projection
plane to be output.

Aout(i) in the expression (2) is the value calculated by
accumulating the opacities A(i) provided from the expression
(3) in accordance with the right side of the expression (2) up
to the i-th voxel. In the expression (1), the accumulated value
Aout(i-1) of the opacities up to the (i-1)-th voxel calculated
as in the expression (2) is used. As apparent from the expres-
sion (2), Aout(i) is accumulated each time the voxel is passed,
and is converged to 1.0. Thus, when the accumulated value
Aout(i-1) of the opacities up to the (i-1)-th voxel is approxi-
mately 1.0 as shown in the above expression (1), the second
term 1in the right side of the expression (1) is 0, and the
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luminance value C(i) of the i-th and subsequent voxels is not
reflected in the 2-dimensional projection image (3-dimen-
sional) to be output. The initial values of Cout(i) and Aout(i)
are zero.

S(i) inthe expression (1) is aweight component for shading
and is calculated from the slope of the luminance value detet-
mined from the luminance value C(i) and its surrounding
luminance values. For example, when the normal line to the
plane centered on the ith voxel (slope of the luminance value)
matches the optical axis of a predefined light source, the light
is reflected most strongly and thus 1.0 is provided as S(i) for
the voxel 1 based on a predefined table and function. When the
light source is orthogonal to the normal line, 0.0 is provided as
S(i). This s provides the shading for the obtained 2-dimen-
sional projection image to achieve a highlighting effect.

The multi-frame constituting unit (tomographic image) 46
generates a black and white tomographic image on an arbi-
trary cross-section from the 3-dimensional volume data cre-
ated by the volume data creating unit 36. The position of the
arbitrary cross-section is received by the interface unit 43
from the operator and is set in the multi-frame constituting
unit (tomographic image) 46 through the image system con-
trol unit 44. A plurality of positions of the arbitrary cross-
sections may be set, and the multi-frame constituting unit 46
generates the black and white tomographic image for each of
the plurality of positions of the arbitrary cross-sections.

With such configurations, a 3-dimensional image and a
black and white tomographic image in an arbitrary section of
the diagnostic region in the object 1 are formed.

The RF signal frame data produced by the phasing and
adding unit 6 is sequentially stored in the RF signal frame data
storage unit 27. For example, the RF signal frame data storage
unit 27 sequentially stores the RF signal data produced on the
time series, that is, on the basis of the frame rate of the image,
from the phasing and adding unit 6 in a frame memory. The
RF signal frame data selecting unit 28 selects a set, that is, two
sets of RF signal frame data from the plural sets of RF signal
frame data stored in the RF signal frame data storage unit 27.
For example, in response to an instruction from the image
system control unit 44, the RF signal frame data selecting unit
28 selects the last stored RF signal frame data (N) as first data,
and selects one set of RF signal frame data (X) from a group
of RF signal frame data (N-1, N-2, N-3, . . . , N-M) stored
previously. N; M, and X represent index numbers provided
for the RF signal frame data sets and are natural numbers.

The displacement measuring unit 30 determines a dis-
placement or the like of a living organ from a set of RF signal
frame data.

For example, the displacement measuring unit 30 performs
1-dimensional or 2-dimensional correlation processing on
the set of data, that is, the RF signal frame data (N) and the RF
signal frame data (X) selected by the RF signal frame data
selecting unit 28 to determine 1-dimensional or 2-dimen-
sional displacement distribution for a displacement and a
movement vector (direction and magnitude of displacement)
in the living organ for each point in the tomographic image
(2-dimensional reflectivity image). A block matching method
is used for detecting the movement vector. The block match-
ing method includes dividing the tomographic image into
blocks each constituting of N pixels by N pixels, for example,
focusing on a block within a region of interest, searching the
previous frame for a block having the reflectivity distribution
most approximate to that of the focused block, and referenc-
ing that block to determine a sample value through predictive
coding, that is, differences.

The elasticity information calculating unit 32 performs
predetermined calculations based on the displacement and
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the movement vector determined by the displacement mea-
suring unit 30 to calculate the elasticity value and outputs it as
time-series elasticity frame data. The elasticity value men-
tioned herein may be a value representing the elasticity of the
organ of the object 1, and examples thereof include strain,
coefficient of elasticity, displacement, viscosity, strain ratio
and the like. When the strain is used as the elasticity value, it
can be calculated by spatial differentiation of the movement
amount of the living organ such as displacement.

The 2-dimensional elasticity image constituting unit 34
includes a frame memory and an image processing unit, and
stores the elasticity frame data output on the time series from
the elasticity information calculating unit 32 in the frame
memory and processes the stored frame data in the image
processing unit to produce the 2-dimensional elasticity image
representing the 2-dimensional distribution of the elasticity
values in the diagnostic region of the object. The 2-dimen-
sional elasticity image is a color image provided by convert-
ing the elasticity values into hue information based on a
predefined color conversion table. For example, as the elas-
ticity value is changed from a predetermined small value
toward a larger value, the hue is given in 255 levels (1 to 255)
gradually changing from blue (B) to green (G), and then red
(R). The elasticity value at the hardest part is one, and the
elasticity value at the softest part is 255.

The 2-dimensional elasticity image storage unit 39
matches and stores the 2-dimensional elasticity image pro-
duced in the elasticity image constituting unit 34 and its
acquired position. The volume data creating unit 40 performs
3-dimensional coordinate conversion based on the 2-dimen-
sional elasticity image stored in the 2-dimensional elasticity
image storage unit 39 and its acquired position to produce
3-dimensional volume data including the plurality of spa-
tially contiguous 2-dimensional elasticity images placed
3-dimensionally.

The elasticity information converting unit 51 converts the
elasticity value that constitutes 3-dimensional volume data in
order to obtain a 3-dimensional image so that the shape of
tissue having a noteworthy hardness for an operator, for
example hard tissue with a small elasticity value can be dis-
tinctly recognized. In this manner, the 3-dimensional volume
data is generated showing the tissue having a noteworthy
hardness with a large elasticity value and soft tissue with a
small elasticity value. The conversion method will be con-
cretely described later in the first~fourth embodiments.

The volume rendering unit 42 renders the elasticity volume
data converted by the elasticity value converting unit 51 using
the following expressions (4)~(6). The projection direction
(line-of-sight direction) is received by the image system con-
trol unit 44 from the operator via the interface 43. In this
manner, a 3-dimensional elasticity image regarding the vox-
els of tissue having a noteworthy hardness (post-conversion
large elasticity value range) for the operator can be obtained,
whereby making it possible to identify the 3-dimensional
shape of hard tissue covered by soft tissue.

Eout(f)=Eout(i-1)+(1-dout(i-1))-4 (i} E(¢)-S() “

Aout(H=4out(i-)+(1-Aout(i-1))-4(}) (5

A(i)=Fopacity[E()] ©

In the expression (4), Eout(i) represents the value output as
the pixel value of the projection plane. E(i) represents the
elasticity value of an i-th voxel (where i=0 to N-1) present on
the line of sight after the voxel is converted (the post-conver-
sion elasticity value by the elasticity value converting unit51)
when the 3-dimensional elasticity image is viewed from a
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certain point on the 2-dimensional projection plane. When the
elasticity values of N voxels are arranged on the line of sight,
the accumulated value Eout(N-1) calculated by accumulat-
ing the elasticity values (i=0 to N-1) with the expression (4)
is the pixel value to be output finally. Eout(i-1) represents the
accumulated value up to the (i-1)-th voxel.

A(i) in the expression (4) represents the opacity of the i-th
voxel present on the line of sight and takes values ranging
from 0 to 1.0. The opacity AU) is determined in accordance
with the magnitude of the elasticity value of the voxel by
referencing a table (Eopacity[E(i)] defining the predefined
relationship between elasticity value E(i) and opacity or by
substituting the elasticity value E(i) into a function (Eopacity
[E(i)] defining the predefined relationship between the elas-
ticity value E(i) and opacity.

Aout(i) in the expression (5) is the value calculated by
accumulating the opacities AU) provided from the expression
(6) in accordance with the right side of the expression (5) up
to the i-th voxel. In the expression (4), the accumulated value
Aout(i-1) of the opacities up to the (i-1)-th voxel calculated
as in the expression (5) is used. As apparent from the expres-
sion (5), Aout(1) is accumulated each time the voxel is passed,
and is converged to 1.0. Thus, when the accumulated value
Aout(i-1) of the opacities up to the (i-1)-th voxel is approxi-
mately 1.0 as shown in the above expression (4), the second
term in the right side of the expression (4) is 0, and the
elasticity value E(i) of the i-th and subsequent voxels is not
reflected in the 2-dimensional projection image (3-dimen-
sional) to be output. The initial values of Eout(i) and Aout(i)
are 7ero.

S(i) in the expression (4) is aweight component for shading
and is calculated from the slope of the elasticity value deter-
mined from the post-conversion elasticity value E(i) and its
surrounding elasticity values. For example, when the normal
line to the plane centered on the i-th voxel (slope of the
elasticity value) matches the optical axis of a predefined light
source, the light is reflected most strongly and thus 1.0 is
provided as S(i) for the voxel 1 based on a predefined table and
function. When the light source is orthogonal to the normal
line, 0.0 is provided as S(i). This provides the shading for the
obtained 2-dimensional projection image to achieve a high-
lighting effect. In addition, the slope (the normal-line direc-
tion) of the plane centered on the i-th voxel is calculated from
the elasticity value or position of the i-th voxel and its sur-
rounding voxels.

The method for providing hue information to an 3-dimen-
sional elasticity image will be described later.

The multi-frame constituting unit (elasticity image) 48
generates a 2-dimensional elasticity image in an arbitrary
cross-section from the pre-conversion elasticity volume data
by the elasticity value converting unit 51. The specification of
the arbitrary section is received by the interface unit 43 from
the operator and is passed to the multi-frame constituting unit
48 through the image system control unit 44. A plurality of
positions of the arbitrary cross-sections carne set, and the
multi-frame constituting unit 48 generates the 2-dimensional
elasticity image for each of the plural positions of the arbi-
trary cross-sections.

The switching and adding unit 12 is formed of a frame
memory, an image processing unit, and an image selecting
unit. The frame memory respectively stores the black and
white tomographic images generated by the elasticity image
constituting unit 7 and the multi-frame constituting unit 46,
the color 2-dimensional elasticity image generated by the
2-dimensional elasticity image constituting unit 34 and the
multi-frame constituting unit 48, the 3-dimensional image
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generated by the volume rendering unit 38, and the 3-dimen-
sional elasticity image generated by the volume rendering
unit 48.

The switching and adding unit 12 generates a combined
image provided by adding the color 2-dimensional elasticity
image to the black and white tomographic image at a prede-
termined ratio in response to an instruction of the operator.
The black and white tomographic image generated by the
elasticity image constituting unit 7 or the black and white
tomographic image on the arbitrary cross-section generated
by the multi-frame constituting unit 46 is used as the black
and white tomographic image. The 2-dimensional elasticity
image generated by the 2-dimensional elasticity image con-
stituting unit 34 or the 2-dimensional elasticity image on the
arbitrary cross-section produced by the multi-frame consti-
tuting unit 48 is used as the color 2-dimensional elasticity
image. The known method of producing combined images of
which the technique is disclosed in Patent Document 1 can be
used for producing a composite image, by adding the output
values of the respective pixels in the black and white tomo-
graphic image to the values in which the output values of the
corresponding pixels in the color 2-dimensional elastic image
is multiplied by a predetermined rate. The generated compos-
ite image is stored in the frame memory.

The switching and adding unit 12 selects and transfers the
image to be displayed in the image display unit 13 from the
monochrome section image, the color 2-dimensional elastic-
ity image, the 3-dimensional image, the 3-dimensional elas-
ticity image, and the combined image stored in the frame
memory in response to an instruction received from the
operator through the interface unit 43. The image display unit
13 displays the transferred one or more images in a predeter-
mined arrangement on the screen.

The image system control unit 44 controls the respective
components involved in the image production. The interface
unit 43 receives the hue of the elasticity image (hue on the
color map), the setting of an ROI (region of interest), the
setting of the frame rate or the like from the operator. The
image system control unit 44 displays the range of the elas-
ticity values set for producing the 3-dimensional elasticity
image, the color map for the elasticity image, the values of
various set parameters and the like at predetermined positions
on the screen in the image display unit 13.

Embodiment 1

The operation of the elasticity value converting unit 51 in
the first embodiment will be described referring to FIG.
2-F1G. 4.

The elasticity value converting unit 51 performs the elas-
ticity value conversion process as in the flowchart shown in
FIG. 2 by reading in the program stored in the built-in
memory. First, the elasticity value converting unit 51 takes in
the volume data of the elasticity value which is generated by
the volume data creating unit 36 in step 61 of FIG. 2. The
pre-conversion volume data has configuration in which elas-
ticity value 255 is allotted to the voxel having the largest
relative value that represents the softest elasticity and relative
value 1 is allotted to the voxel having the small elasticity value
thatindicates hard elasticity, wherein therelative value gradu-
ally changes in proportion to the elasticity value. That is, 255
levels of relative values are included in the elasticity value. In
addition, in the case that no elasticity information is provided
due to a noise or error, 0 is to be allotted to represent that no
elasticity information is provided.

Instep 62, the elasticity value converting unit 51 detects the
elasticity value (pre-conversion relative value) of each voxel
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that constitutes the loaded volume data and the number
thereof, and generates a graph 100 which represents the rela-
tionship between the elasticity values (pre-conversion rela-
tive values) and the frequency as shown in FIG. 3(a). In FIG.
3(a), a line 101 of the graph 100 indicates the hardest elas-
ticity value (pre-conversion relative value) included in the
volume data. A line 102 indicates the softest elasticity value
(pre-conversion relative value) included in the volume data. A
line 103 indicates the value with the highest frequency (mode
value P) among the elasticity values (relative values) included
in the volume data.

In step 63, as shown in FIG. 3(b), the elasticity value
converting unit 51 executes conversion by allotting maximum
value 255 as the post-conversion relative value with respect to
the elasticity values (pre-conversion relative values) within a
predetermined range with mode value P at its center, and
allotting the minimum value as the post-conversion relative
value to the elasticity values in the other range (pre-conver-
sion relative values). The minimum value to be allotted may
be 1 which indicates the minimum value of the elasticity value
or 0 which indicates that there is no elasticity information,
and an example in which 0 is allotted as the minimum value
will be described below.

In concrete terms, as shown in FIG. 3(a), the elasticity
value converting unit 51 calculates elasticity value (pre-con-
version relative value) 104 of value P-k' which is smaller than
mode value P by a portion of predetermined value k and
elasticity value (pre-conversion relative value) 105 of a value
P+k' which is larger than mode value P by a portion of k'. The
elasticity value converting unit 51, as shown in FIG. 3(b),
executes conversion by allotting maximum value 255 as the
post-conversion relative value to the range which is from the
elasticity value (pre-conversion relative value) 104 of P-k to
the elasticity value (pre-conversion relative value) 105 of P+k’
and allotting minimum value O to the other range as the
post-conversion relative value. For example, k=10 and k'=10.

In this manner, volume data is generated in which a large
value (maximum value 255) is given to the voxel correspond-
ing to the elasticity values of a predetermined hardness with
high appearance frequency, and a small value (minimum
value 0) is given to voxels of the elasticity values with low
appearance frequency in the other range. In step 64, the elas-
ticity value converting unit 51 passes the post-conversion
volume data to the volume rendering unit 42.

The volume rendering unit renders the post-conversion
volume data using the above-described expressions (4)~(6) to
obtain Eout(i), so as to obtain a 3-dimensional elasticity
image. The obtained 3-dimensional elasticity image is col-
ored referring to the color map 15 for 3-dimensional elasticity
images shown in FIG. 4(b).

The color map 15 for 3-dimensional images is a map for
giving a hue (single color) corresponding to the pre-conver-
sion elasticity value range in which the elasticity value con-
verting unit 51 provided maximum value 255 (elasticity val-
ues in a prescribed range with mode value P at its center), and
for changing the luminance (brightness) in accordance with
the magnitude of the value of Eout(i). As the contribution of
the weight component S(i) for shading is larger (S(i) is
smaller) in the expression (4), Eout(i) is smaller and thus the
setting is performed to be closer to black (lower luminance).
By performing the setting to be closer to black (lower lumi-
nance) as the contribution of S(i) in the expression (4) is
larger. that is, as the value of Eout(i) is smaller, the shading
effect can be achieved to result in the stereoscopic three-
dimensional elasticity image.

A hue (single color) corresponding to the pre-conversion
elasticity value is set, for example, as blue when the prede-
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termined value from among the average value, maximum
value or minimum value of the pre-conversion elasticity val-
ues in the predetermined range with mode value P at its center
is smaller than average value 127 of all the elasticity values,
and as red when it is larger. Or, the hue may be set, in the color
map 14 of a 2-dimensional elasticity image, to correspond
with a predetermined value from among the average value,
maximum value or minimum value of the pre-conversion
elasticity values in a predetermined range with mode value P
at its centet.

In the present first embodiment, it is possible to obtain a
3-dimensional elasticity image of tissue having noteworthy
hardness with high frequency (the range of post-conversion
large elasticity values), since the relative value of the soft
tissue is 0 in the post-conversion volume data in the elasticity
value converting unit 51 and is not depicted in the 3-dimen-
sional elasticity image. Furthermore, the voxel of the hard
tissue with high frequency has a post-conversion large rela-
tive value, thus the values after being integrated become large
to result in the acquisition of a clear 3-dimensional elasticity
image with high contrast.

The obtained 3-dimensional image is displayed on the
image display unit 13 via the switching and adding unit 12.
FIG. 4(a) 1s an example of an image to be displayed on the
image display unit 13. A 3-dimensional elasticity image 9 is
displayed in the right-side region on a screen 10. The 3-di-
mensional elasticity image 9 is of hard tissue with high fre-
quency which is converted into a large relative value. On the
right side of the 3-dimensional elasticity image 9, the color
map 15 for 3-dimensional elasticity images is displayed
showing the relationship between the color of the 3-dimen-
sional elasticity image 9 and the elasticity value.

On the left side of the screen 10, a composite image of the
black and white tomographic image 11 and a 2-dimensional
elasticity image 8 is displayed. Since the 2-dimensional elas-
ticity image 8 is generated only in an ROI set by an operator,
only the region in the central part of the display region is
synthesized in the black and white tomographic image. On
the left side of the 2-dimensional elasticity image 8, the color
map 14 is displayed showing the relationship between the
color of the 2-dimensional elasticity image 8 and the elastic-
ity value. Since the 2-dimensional elasticity image 8 is gen-
erated from the pre-conversion data by the elasticity value
converting unit 51, the color map 14 is provided respectively
with red in the soft region with large elasticity values, blue in
the hard region with small elasticity values, and green in the
intermediate region. Each color is changed in incremental
steps according to the value of elasticity, and 256 levels of
gradation is provided in the entire map. In addition, the values
of various parameters received from the operator are dis-
played in a region 16 in the lower part of the screen 10.

The present first embodiment includes the elasticity image
volume data creating unit 40 configured to create volume data
constituted by elasticity value data which represents elasticity
using the signals received by transmitting ultrasonic waves to
the inside of the object 1, the elasticity value converting unit
51 configured to count the frequency of the elasticity value
data which constitutes volume data for each magnitude of the
elasticity value and converts the elasticity values within a
predetermined range based on the frequency into alarge value
and the elasticity values outside the predetermined range into
asmall value, and the volume rendering unit 42 configured to
generate a 3-dimensional elasticity image by rendering the
volume data which is after converted in the elasticity value
converting unit 51.

The elasticity value converting unit 51 binarizes the elas-
ticity values by converting the elasticity values within a pre-
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determined range which is defined on the basis of the fre-
quency into a first constant and the elasticity values that are
outside the predetermined range into a second constant which
is smaller than the first constant. The above-described prede-
termined range of the elasticity value can include the elastic-
ity value with the highest frequency.

As apparent from FIG. 4(a), the 3-dimensional elasticity
image 9 ofhard tissue with high frequency which is covered
by soft tissue can be clearly depicted. Therefore, the operator
can identify that there is hard tissue inside of soft tissue by
confirming the composite image of the black and white tomo-
graphic image 11 and the 2-dimensional elasticity image 8,
and identify the 3-dimensional form of the hard tissue with
high frequency by observing the 3-dimensional elasticity
image 9 at the same time, which can result in visible recog-
nition of the 3-dimensional elasticity image of noteworthy
hard tissue such as a tumor.

As a comparative example, a 3-dimensional elasticity
image 19 is shown in FIG. 4(c), which is obtained by render-
ing the pre-conversion elasticity volume data by the elasticity
value converting unit 51 using the expressions (4)~(6). Since
the elasticity value (relative value) of hard tissue is small and
the elasticity value (relative value) of soft tissue which covers
the hard tissue is large in volume data, when the elasticity
values of the voxels on the line of sight are sequentially
integrated by rendering, the contribution rate of the voxel
with a large and soft elasticity value to the 2-dimensional
projection plane becomes high, thus the 3-dimensional elas-
ticity image 19 in which the outward form of the soft tissue is
depicted is obtained as shown in FIG. 4(c). Consequently, the
image of noteworthy hard tissue which is inside of the soft
tissue cannot be identified in FIG. 4(c).

While the maximum value is given to the range from Pk to
P+k centering on mode value P in the first embodiment, the
setting of the range for providing the maximum value may be
performed by the operator via the interface unit. Also, the
range may be set using a statistic such as dispersion. The
range may also be set with a statistic other than mode value P
such as the average value, the maximum value or the mini-
mum value at its center. The elasticity values in the predeter-
mined range defined on the basis of the frequency may also
include the values defined using any of the mode value, aver-
age value, maximum value or minimum value ofthe elasticity
values which constitute the volume data and is acquired based
on the frequency for each magnitude of the elasticity value.
For example, the elasticity value within a predetermined
range defined on the basis of the frequency is the minimum
value of the elasticity values which constitute the volume data
and is obtained by the frequency for each magnitude of the
elasticity value, and the elasticity value converting unit 51
allots a predetermined large value to the minimum value of
the elasticity values and allots progressively smaller values
than the predetermined large value as the elasticity values that
constitute the volume data become larger.

Also, while elasticity values are binarized in the present
embodiment by giving maximum value 255 to a predeter-
mined range and giving the minimum value 0 to the values in
the other range, the two values to be given may not be 0 and
255, but any two values having a sufficient difference
between them.

Further, it is also possible, by dividing the elasticity values
of the volume data in advance into plural regions, to perform
rendering on each divided region by converting the elasticity
values by the first embodiment.

Embodiment 2

Next, the operation of the elasticity value converting unit
51 in the second embodiment will be described using FIG. 5
and FIG. 6.
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In the second embodiment, the elasticity value converting
unit 51 performs conversion by allotting the largest relative
value to mode value P from among the elasticity values and
allotting the relative values to be linearly smaller to the elas-
ticity values in the range which is larger or smaller than the
mode value P. In other words, the elasticity value converting
unit 51 converts the elasticity values in the range which is
determined on the basis of the frequency into a first constant,
and converts the elasticity values in the range other than the
predetermined range into the values which progressively
become smaller than the first constant as they get farther away
from the elasticity values in the predetermined range.

First, the elasticity value converting unit 51 carries out
steps 61 and 62 in FIG. 2 of the first embodiment, and creates
a graph 200 which represents the relationship between the
elasticity values (pre-conversion relative values) and the fre-
quency with respect to the volume data output from the elas-
ticity value volume data creating unit 40 as shown in FIG.
5(a). A line 201 indicated in the graph 200 represents the
hardest elasticity value (pre-conversion relative value)
included in the volume data. A line 202 represents the softest
elasticity value (pre-conversion relative value) included in the
volume data. A line 203 represents the value with the highest
frequency (mode value P) among the elasticity values (pre-
conversion relative value) included in the volume data.

In the second embodiment, the process of converting the
relative values is performed in step 63 as shown in FIG. 5(5).
That is, the elasticity value converting unit 51 allots 255 as the
post-conversion relative value to mode value P which is
denoted by the line 203, and allots O to the hardest elasticity
value (pre-conversion relative value) which is denoted by the
line 201. To the elasticity values between the line 203 and the
line 201, the post-conversion relative values are allotted so
that the post-conversion relative values become progressively
smaller as the elasticity values (pre-conversion relative val-
ues) become smaller. In the same manner, to the elasticity
values between the line 203 to the line 202, the post-conver-
sion relative values are allotted so that the post-conversion
relative values become progressively smaller as the pre-con-
version elasticity values (relative values) become larger.

In this way, the maximum relative value 255 is given to the
voxel corresponding to the hard elasticity value with the
highest appearance frequency in the volume data, and the
relative values which become smaller as they get farther apart
from the elasticity value of the mode value are given to the
voxels of the elasticity values in the ranges other than the
mode value, with the mode value at their center. The mini-
mum value and the maximum value in the elasticity values
have the minimum relative value 0.

In step 64, the elasticity value converting unit 51 transfers
the post-conversion volume data to the volume rendering unit
42. The volume rendering unit 42 renders the post-conversion
volume data using the above-mentioned expressions (4)~(6)
to obtain a 3-dimensional elasticity image.

An example of the obtained 3-dimensional elasticity image
is shown in FIG. 6. In the present second embodiment, since
the conversion is performed so that a large relative value is
allotted to the tissue with the high frequency of the elasticity
values and the relative values progressively vary with the
mode value at their center, it is possible to clearly depict a
3-dimensional elasticity image 400 of noteworthy hard tissue
with high frequency (the range of post-conversion large elas-
ticity values) with high contrast. Furthermore, since the post-
conversion relative values of the soft values with low fre-
quency are not 0, a 3-dimensional elasticity image 402 of the
soft tissue with low frequency is depicted around the 3-di-
mensional elasticity image 400 of the hard tissue by render-
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ing, as shown in FIG. 6. Since the relative values of the soft
tissue with low frequency is small and the values thereof after
being integrated by rendering also become small, thus the
3-dimensional elasticity image 402 ofthe soft tissue with low
frequency becomes the image with low contrast. In this man-
ner, as shown, in FIG. 6, it is possible to confirm the 3-dimen-
sional form of the 3-dimensional elasticity image 400 repre-
senting hard tissue with high frequency without being
covered by the 3-dimensional elasticity image of soft tissue
with low frequency, whileidentifying the 3-dimensional form
of the soft tissue at the same time.

As described above, in accordance with the present second
embodiment, an operator can identify both a 3-dimensional
elasticity image of noteworthy hard tissue such as a tumor and
a 3-dimensional elasticity image of soft tissue at the same
time.

While the conversion is performed in the second embodi-
ment such that the post-conversion relative values progres-
sively become smaller with the mode value at their center, the
center value is not limited to the mode value. The center value
can also be calculated with reference to a statistical value such
as the average value, maximum value or minimum value.

While the maximum value of the post-conversion relative
values is set as 255 in the second embodiment, a predeter-
mined value may also be smaller than 255.

Also, while conversion is performed in the second embodi-
ment such that the post-conversion relative values linearly
become smaller with the central value at their center as shown
in FIG. 5, the pattern of value variation is not limited to linear,
and the relative values may also become smaller progres-
sively, for example in a curved or stepped pattern.

Furthermore, by dividing the elasticity values of volume
data in advance into plural regions, rendering can be per-
formed by converting the elasticity values by the second
embodiment for each divided region.

Embodiment 3

Next, the operation of the elasticity value converting unit
51 in the third embodiment will be described referring to FIG.
7. In the third embodiment, the elasticity value converting
unit 51 performs conversion such that the maximum relative
value 255 is allotted to the smallest elasticity value (the hard-
est tissue) from among the elasticity values (pre-conversion
relative values) that constitute the volume data, the smallest
relative value 0 is allotted to the largest elasticity value (the
softest tissue), and the relative values are allotted to be lin-
early smaller in accordance with the elasticity value to the
elasticity value range between the minimum and the maxi-
mum elasticity values.

The elasticity value converting unit 51 creates a graph 300
which represents the relationship between the elasticity val-
ues (pre-conversion relative value) and the frequency in the
pre-conversion volume data as shown in FIG. 7(a), by execut-
ing steps 61 and 62 in the first embodiment shown in FIG. 2.
A line 301 indicates the minimum (hard) elasticity value
included in the elasticity volume data. A line 302 indicates the
maximum (soft) elasticity value included in the elasticity
volume data.

In step 63, the elasticity value converting unit 51 extracts
the elasticity values (pre-conversion relative values) on lines
301 and 302, and provides the maximum value 255 to the
smallest (hard) elasticity value (line 301) as the post-conver-
sion relative value, as shown in FIG. 7(b). The minimum
value 0 is provided to the maximum (soft) elasticity value
(line 302) as the post-conversion relative value. The elasticity
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values between the line 301 and the line 302 are linearly
varied. The rest of the configuration is the same as the first
embodiment.

In this manner, hard tissue can be converted into a large
elasticity value (post-conversion relative value) and soft tis-
suie can be converted into a small elasticity value (post-con-
version relative value), as well as the maximum value 255 can
be given to the hardest tissue and the minimum value 0 can be
given to the softest tissue, so as to optimize the gradation of
the relative values.

Sincea 3-dimensional elasticity image obtained in the third
embodiment is generated such that a large elasticity value
(post-conversion) is given to noteworthy hard tissue such as a
tumor, itis possible to depict a 3-dimensional elasticity image
of the hard tissue with high contrast. Moreover, since the
post-conversion relative value of the soft tissue is not 0, a
3-dimensional elasticity image thereof can also be depicted
though with low contribution rate. In this manner, both the
3-dimensional form of the hard region and the 3-dimensional
form of the soft region can be identified at the same time.

It also is possible to divide the elasticity values of the
volume data into plural regions in advance and convert the
respective divided regions in order to perform rendering.

Embodiment 4

Next, the operation of the elasticity value converting unit
51 in the fourth embodiment will be described referring to
FIG. 8. In the fourth embodiment, predetermined small val-
ues (hard tissue) from among the elasticity values (pre-con-
version relative values) that constitute the volume data are
converted into a large value by multiplying weight w (w>1).

Large elasticity values (soft tissue) are converted into a
small value by multiplying weight w (w<1).

The elasticity value converting unit 51 carries out steps 61
and 62 in FIG. 2 of the first embodiment, and creates a graph
300 which represents the relationship between the elasticity
values (pre-conversion relative values) and the frequency
with respect to the pre-conversion volume data as shown in
FIG. 8(a). A line 401 represents the minimum (hard) elastic-
ity value included in the elasticity volume data. A line 402
represents the maximum (soft) elasticity value included in the
elasticity volume data.

In step 63, the elasticity value converting unit 51 extracts
the elasticity value (pre-conversion relative value) of the lines
401 and 402, and calculates the average value of all the
elasticity values that constitute the volume data. A line 403 in
FIG. 8(b) indicates the obtained average value.

The elasticity value converting unit 51 generates weight w
which is a function of the elasticity values as shown in FIG.
8(b). Weight w is generated to be 1 for the average value of the
elasticity values, to be w>1 in the range from the minimum
(hard) elasticity value (line 401) to the average value (line
403), and to be w<1 in the range from the maximum (soft)
elasticity value (line 402) to the average value (line 403). That
is, the elasticity value converting unit 51 obtains the average
value, maximum value and minimum value of the elasticity
values which constitute the volume data, from the frequency
of each magnitude of the elasticity value, and converts the
elasticity values by multiplying weight 1 by the elasticity
value of the average value, multiplying the weight which is
larger than 1 by the elasticity values from the minimum value
to the average value, and multiplying the weight which is
smaller than 1 by the elasticity values from the average value
to the maximum value.

For example, weight w can be set to be 255 when the
elasticity value (line 401) of the minimum value (the hardest)
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is multiplied by weight w. Also, weight w of the elasticity
value (line 402) of the maximum value (the softest) can be set
as 0. The straight line or the curve line to connect these weight
values and weight w=1 of the average value (line 403) can be
set to be a predetermined form of line.

The elasticity value converting unit 51 generates the post-
conversion volume data by multiplying the function of the
generated weight w by the elasticity values (pre-conversion)
that constitute the volume data. In this manner, the elasticity
value of hard tissue is converted into a large value and the
elasticity value of the soft tissue is converted into a small
value. Also, maximum value 255 can be given to the hardest
tissue and minimum value O can be given to the softest tissue,
so that the gradation of the relative values can be optimized.

In 3-dimensional elasticity images which can be obtained
in the fourth embodiment, a large elasticity value (post-con-
version) is given to hard tissue with high frequency which is
noteworthy to be depicted, so that the 3-dimensional elastic-
ity image of the hard tissue with high frequency can be clearly
depicted with high contrast. Moreover, since the post-conver-
sion relative value of soft tissue with low frequency is not 0,
a 3-dimensional elasticity image of the soft tissue can also be
depicted though with low contribution rate. In this manner,
both of the 3-dimensional shape of hard tissue and the 3-di-
mensional shape of soft tissue can be identified at the same
time.

It also is possible to divide the elasticity values of the
volume data into plural regions in advance and convert the
elasticity values in the respective regions by means of the
third embodiment, so that the volume rendering unit can
perform rendering on each divided region.

In addition, while the case that the elasticity values of the
entire volume data are converted has been described in the
first~fourth embodiments, it is also possible to convert the
elasticity values of a partial region in the elasticity volume
data.

Also, the case that the elasticity values are converted after
generation of the volume data is exemplified in the
first~fourth embodiments, the elasticity volume data may
also be created after performing the conversion of the present
embodiment with respect to the output of the 2-dimensional
elasticity image constructing unit 34 before the volume data is
generated.

DESCRIPTION OF REFERENCE NUMERALS

1 object

2 probe

3 transmission unit

4 reception unit

5 ultrasonic transmission/reception control unit
6 phasing and adding unit

7 tomographic image constructing unit

8 color 2-dimensional elasticity image

9 3-dimensional elasticity image

10 screen

11 black and white tomographic image

12 switching and adding unit

13 image display unit

14 color map (2-dimensional elasticity image)
15 color map (3-dimensional elasticity image)
16 parameter display area

27 RF signal frame data storing unit

28 RF signal frame data selecting unit

30 displacement measuring unit

32 elasticity information calculating unit

34 2-dimensional elasticity image constructing unit
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36 tomographic image volume data creating unit
38 volume rendering unit

39 2-dimensional elasticity image storing unit

40 elasticity image volume data creating unit

42 volume rendering unit

43 interface unit

44 image system control unit

45 minor-axis scan position control unit

46 multi-frame constructing unit (tomographic image)
48 multi-frame constructing unit (elasticity image)
51 elasticity value converting unit

The invention claimed is:
1. An ultrasonic diagnostic apparatus comprising:
an elasticity image volume data creating unit configured to
generate volume data constituted by elasticity value data
which represents the elasticity using the signals that are
received by transmitting ultrasonic waves to the inside of
an object to be examined;
an elasticity value converting unit configured to count the
frequency with respect to the elasticity value data which
constitute the volume data for each magnitude of the
elasticity value, and converts the elasticity values in a
prescribed range which is determined by the frequency
into a large value and the elasticity values outside the
prescribed range into a small value; and
a volume rendering unit configured to generate a 3-dimen-
sional elasticity image by rendering the post-conversion
volume data in the elasticity value converting unit.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity value converting unit performs bina-
rization by converting the elasticity values in a prescribed
range which is determined on the basis of the frequency into
a first constant and the elasticity values outside the prescribed
range into a second constant which is smaller than the first
constant.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity value converting unit converts the
elasticity values in a prescribed range which is determined on
the basis of the frequency into a first constant, and converts
the elasticity values outside the prescribed range to be pro-
gressively smaller than the first constant as the they get farther
away from the elasticity values in the prescribed range.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity values in a prescribed range based on
the frequency include the elasticity value with the highest
frequency.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity values in a prescribed range which
are determined based on the frequency include the values
determined by using any of the mode value, the average value,
the maximum value or the minimum value of the elasticity
values that constitute the volume data, which are acquired
based on the frequency for each magnitude of the elasticity
value.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein:
the elasticity value in a prescribed range which is deter-
mined based on the frequency is the minimum value of
the elasticity values that constitute the volume data, and
is calculated based on the frequency for each magnitude
of the elasticity value; and
the elasticity value converting unit allots a prescribed large
value to the maximum value of the elasticity value, and
allots progressively smaller values than the prescribed
large value as the elasticity values that constitute the
volume data become larger.
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7. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity value converting unit acquires the
average value, the maximum value and the minimum value of
the elasticity values that constitute the volume data and are
calculated based on the frequency for each magnitude of the
elasticity value, and converts the elasticity values by multi-
plying the elasticity value of the average value by weight 1,
the elasticity values from the minimum value to the average
value by the weight which is larger than 1, and the elasticity
values from the average value to the maximum value by the
weight which is smaller than 1.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the maximum value and the minimum value of the
post-conversion volume data in the elasticity value converting
unit can be rendered by the volume rendering unit respec-
tively.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the volume rendering unit divides elasticity values
in the volume data into plural regions in advance and executes
rendering by performing conversion of the elasticity values in
each divided region.

10. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity value converting unit converts the
elasticity values having a prescribed small value among the
elasticity values that constitute the volume data into a large
value by applying weighting to the elasticity value.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity value converting unit performs con-
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version by allotting the maximum relative value to the mode
value among the elasticity values and allotting the relative
values to be linearly smaller to the elasticity values in the
ranges which are larger and smaller than the mode value.
12. The ultrasonic diagnostic apparatus according to claim
1, wherein the elasticity value converting unit performs con-
version, in the elasticity values that constitute the volume
data, by allotting the largest relative value to the maximum
elasticity value, the smallest relative value to the minimum
elasticity value, and the relative values to be linearly smaller
in accordance with the elasticity value to the elasticity values
in the range between the maximum elasticity value and the
minimum elasticity value.
13. An ultrasonic image display method comprising:
generating volume data constituted by elasticity value data
that represents elasticity using signals received by trans-
mitting ultrasonic waves to the inside of an object to be
examined,
counting the frequency of the elasticity value data that
constitutes the volume data for each magnitude of the
elasticity value,
converting the elasticity values in a prescribed range which
is determined on the basis of the frequency into a large
value and the elasticity values outside the prescribed
range into a small value, and
generating and displaying a 3-dimensional elasticity image
by rendering the post-conversion volume data.
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