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(57) ABSTRACT

To provide an ultrasonic diagnostic apparatus capable of pro-
ducing a three-dimensional image of an object for an organ
region within a range of elasticity values desired by an opera-
tor and allowing the operator to recognize the region easily,
elasticity value data included in a desired elasticity value
range among elasticity value data constituting a volume data
are selected and rendered. Whereby, a three-dimensional
elasticity image in the set elasticity value range is produced.

A61B 8/00 (2006.01) An area corresponding to the elasticity value range is dis-
A61B 8/14 (2006.01) played on at least one of a two-dimensional elasticity image
A61B 8/08 (2006.01) and a section image.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD OF DISPLAYING
ULTRASONIC IMAGE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus which uses ultrasonic waves to display an
ultrasonic image of a diagnostic part within an object, and
more particularly, to an ultrasonic diagnostic apparatus
capable of displaying an elasticity image representing the
hardness of a living organ of the object as a three-dimensional
image.

BACKGROUND ART

[0002] As described in Patent Literatures 1 and 2, a con-
ventional ultrasonic diagnostic apparatus transmits ultrasonic
into an object, receives the ultrasonic reflection echo signal of
a living organ from the reflected wave, performs signal pro-
cessing on the signal to produce and display a monochrome
section image (B mode image) of a diagnostic part having
intensities as the ultrasonic reflectivities.

[0003] Patent Literature 2 has disclosed a technique involv-
ing performing three-dimension coordinate conversion from
the monochrome section image and its taking position to
obtain three-dimensional volume data including a plurality of
section image data items arranged three-dimensionally and
then performing volume rendering thereof to provide a mono-
chrome three-dimensional image of a diagnostic part 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 three-dimensional volume data in
accordance with the value of the intensity of the voxel,
sequentially accumulating the intensity 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 intensity value as a pixel value on a
two-dimensional projection plane.

[0004] Patent Literatures 1 and 2 have also disclosed a
technique of determining an elasticity image of a diagnostic
part. First, two frames of the monochrome section image are
selected, block matching or the like is performed to determine
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 two-dimensional elastic-
ity image representing the elasticity value as the hue.

[0005] Inaddition, Patent Literature 2 has disclosed a tech-
nique in which, in order to solve the problem of being inca-
pable of obtaining a three-dimensional image of an inner
lesion portion hidden by outer voxels having high opacities in
a three-dimensional gray-scale image, an opacity is provided
for each of voxels in three-dimensional volume data obtained
from the monochrome section image in accordance with the
magnitude of the elasticity value to perform volume render-
ing. This can provide the three-dimensional gray-scale image
showing a hard organ more opaquely and a soft organ more
transparently.

[0006] In Patent Literature 2, a plurality of two-dimen-
sional elasticity images are coordinate-converted into three-
dimensional volume data which is then subjected to volume
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rendering to produce a three-dimensional elasticity image. In
the typical rendering method in which voxel values are sim-
ply accumulated, a problem occurs in which the elasticity
values are accumulated to provide the three-dimensional elas-
ticity image including distorted elasticity characteristics of a
living organ, so that the intensity data of the monochrome
section image is used to determine the voxel having the high-
est contribution on the line of sight, and the elasticity value of
that voxel is used as the elasticity value of the two-dimen-
sional projection plane to produce the three-dimensional elas-
ticity image.

[0007] For the display method, the monochrome section
image (two-dimensional) and the two-dimensional elasticity
image are displayed one on the other in Patent Literature 1. In
Patent Literature 2, the monochrome three-dimensional
image and the three-dimensional elasticity image are super-
imposed into one image which is then displayed together with
the monochrome section images in three directions on one
screen.

[0008] Patent Literature 3 has disclosed displaying a mono-
chrome section image and a two-dimensional elasticity image
together on one screen and superimposing and displaying the
monochrome section image on the two-dimensional elasticity
image.

PRIOR ART REFERENCES
Patent Literature

[0009] Patent Literature 1: WO2005/048847
[0010] Patent Literature 2: JP-A-2008-259605
[0011] Patent Literature 3: JP-A-2000-60853

SUMMARY OF THE INVENTION

Problems that the Invention is to Solve

[0012] In the method in which the opacity is provided for

each of the voxels in the three-dimensional volume data
obtained from the monochrome section image in accordance
with the magnitude of the elasticity value to perform the
volume rendering to produce the three-dimensional image or
in the method in which the intensity data of the monochrome
section image is used to determine the voxel having the high-
est contribution on the line of sight and the elasticity value of
that voxel is used as the elasticity value of the two-dimen-
sional projection plane to produce the three-dimensional elas-
ticity image as in the technique described in Patent Literature
2, a three-dimensional elasticity image including only organs
having elasticity values within an arbitrary range can not be
obtained. In addition, an operator has difficulty in recognizing
the range of elasticity values of the diagnostic part from the
displayed three-dimensional image and three-dimensional
elasticity image obtained in the conventional method. Fur-
thermore, even when the three-dimensional image and the
three-dimensional elasticity image are displayed together
with the monochrome section image, a problem occurs in
which the operator has difficulty in recognizing which area of
the monochrome section image is displayed as the three-
dimensional image or the three-dimensional elasticity image.
[0013] TItis an object of the present invention to provide an
ultrasonic diagnostic apparatus capable of producing a three-
dimensional image of an organ region of an object having
elasticity values within a range desired by an operator and
allowing the operator to recognize the region easily.



US 2013/0158400 A1

Means for Solving the Problems

[0014] To achieve the above object, according to an aspect,
the present invention provides an ultrasonic diagnostic appa-
ratus as described below. The ultrasonic diagnostic apparatus
includes a section image constituting unit which transmits
ultrasonic into an object and produces a section image of the
object based on a received signal and a two-dimensional
elasticity image constituting unit which processes the signal
to produce a two-dimensional elasticity image of an elasticity
value representing elasticity, a rendering unit which produces
volume data from a plurality of the two-dimensional elasticity
images and selects and renders elasticity value data of the
volume data included in a desired elasticity value range to
produce a three-dimensional elasticity image of the elasticity
value data in the elasticity value range, and a display unit
which displays the three-dimensional elasticity image and at
least one of the two-dimensional elasticity image and the
section image showing an area corresponding to the elasticity
value range.

[0015] The display unit can display an area of the two-
dimensional elasticity image outside the elasticity value
range with a mask placed thereon. For example, the display
unit displays a combined image provided by adding the two-
dimensional elasticity image and the section image at a ratio,
the ratio in an area within the elasticity value range being
different from the ratio in the area with the mask placed
thereon. In this case, the display unit can display the com-
bined image provided by adding the two-dimensional elas-
ticity image at the ratio set at zero in the area with the mask
placed thereon.

[0016] The display unit can display an area of the two-
dimensional elasticity image within the elasticity value range
or the area with the mask placed thereon filled in with a single
hue. For example, the single hue is set in accordance with an
elasticity value in the area of the two-dimensional elasticity
image to be filled in with the hue.

[0017] The display unit can display a line representing an
outline of the elasticity value range in the two-dimensional
elasticity image.

[0018] The ultrasonic diagnostic apparatus can further
include an operation unit which is used by an operator to set
the elasticity value range. When the operation unit receives
setting of the elasticity value range, the display unit can
display the area corresponding to the elasticity value range on
at least one of the two-dimensional elasticity image and the
section image only for a predetermined time period.

[0019] When the two-dimensional elasticity image is a
color image having a different hue provided in accordance
with an elasticity value, the display unit can display a color
map representing the relationship between the elasticity value
and the hue by adding a display showing the elasticity value
range thereto. Alternatively, the display unit can display the
elasticity value range with a numeric value by adding a hue
corresponding to the elasticity value range thereto.

[0020] According to another aspect, the present invention
provides a method of displaying an ultrasonic image as
described below. The method includes transmitting ultrasonic
into an object and producing a section image of the object
based on a received signal, processing the signal to produce a
two-dimensional elasticity image of an elasticity value rep-
resenting elasticity, producing volume data from a plurality of
the two-dimensional elasticity images. Elasticity value data
ofthe volume data included in a desired elasticity value range
is selected and rendered to produce a three-dimensional elas-
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ticity image of the elasticity value data in the elasticity value
range. The three-dimensional elasticity image and at least one
ofthe two-dimensional elasticity image and the section image
showing an area corresponding to the elasticity value range
are displayed.

Advantage of the Invention

[0021] According to the present invention, since the area of
the object organ corresponding to the elasticity value range
displayed as the three-dimensional elasticity image can be
visually shown on at least one of the section image and the
two-dimensional elasticity image, the operator can easily rec-
ognize that area. The setting of the elasticity value range can
readily provide the three-dimensional elasticity image in the
desired area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 A block diagram showing the configuration
of'an ultrasonic diagnostic apparatus according to an embodi-
ment.

[0023] FIG. 2 (a) Anexplanatory view showing an example
of a screen on which a combined image of a monochrome
section image 111 and a color two-dimensional elasticity
image 112 and a three-dimensional elasticity image are dis-
played in the ultrasonic diagnostic apparatus of FIG. 1, (4) an
enlarged view of a color map 104 in the screen example of
FIG. 2(a), (c¢) an enlarged view of a display area of an elas-
ticity value range in FIG. 2(a), and (d) an enlarged view of a
color map 105 in the screen example of FIG. 2(a).

[0024] FIG. 3 (a) A perspective view showing the outer
appearance of an image display unit 13 and an operation panel
120 in the ultrasonic diagnostic apparatus of FIG. 1 and an
enlarged view of a toggle switch 121 on the operation panel
120, (b) an explanatory view showing an example of the
screen when an elasticity value a is set at 72 with the toggle
switch 121 in Embodiment 1, and (c¢) an explanatory view
showing an example of the screen when the elasticity value a
is set at 50 with the toggle switch 121 in Embodiment 1.
[0025] FIG. 4 (a) A perspective view showing the outer
appearance of the image display unit 13 and the operation
panel 120 in the ultrasonic diagnostic apparatus of FIG. 1 and
an enlarged view of a soft/hard selecting switch 122 on the
operation panel 120, (b) an explanatory view showing an
example of the screen when a “hard” button is selected in the
soft/hard selecting switch 122 in the embodiment, and (¢) an
explanatory view showing an example of the screen when a
“soft” button is selected in the soft/hard selecting switch 122
in the embodiment.

[0026] FIG.5 A flow chart showing the operation in a mode
in Embodiment 1.

[0027] FIG. 6 (a) An explanatory view showing a mask 110
produced in Embodiment 1, and () an explanatory view
showing an example of the screen produced in Embodiment
1.

[0028] FIG. 7 An explanatory view showing an example of
the screen produced in Embodiment 2.

[0029] FIG. 8 (a) An explanatory view showing an example
of the screen produced in Embodiment 3, and (b) an explana-
tory view showing the mask 110 produced in Embodiment 3.
[0030] FIG.9 (a)Anexplanatory view showing an example
of the screen produced in Embodiment 4, and (b) an explana-
tory view showing the mask 110 produced in Embodiment 4.
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[0031] FIG. 10 An explanatory view showing an example
of the screen produced in Embodiment 5.

[0032] FIG. 11 An explanatory view showing an example
of the screen produced in Embodiment 6.

[0033] FIG. 12 (a) An explanatory view showing an
example of the screen produced in Embodiment 7, and (b) an
enlarged view of the color map in FIG. 12(a).

BEST MODE FOR CARRYING OUT THE
INVENTION

[0034] An ultrasonic diagnostic apparatus according to an
embodiment of the present invention will hereinafter be
described with the accompanying drawings. In the present
embodiment, a B mode image representing the distribution of
ultrasonic reflectivities of organs in a predetermined section
of an object is referred to as a monochrome section image, a
two-dimensional projection image provided by rendering
volume data formed of the data of the monochrome section
image is referred to as a three-dimensional image, an image
representing the two-dimensional distribution of elasticity
values indicating the elasticity of organs of the object in a
predetermined section is referred to as a two-dimensional
elasticity image, and a two-dimensional projection image
provided by rendering volume data formed of the data of the
two-dimensional elasticity image is referred to as a three-
dimensional elasticity image.

[0035] As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus includes a probe 2 which is brought into contact with an
object 1 for use, a transmitting unit 3 which repeatedly trans-
mits ultrasonic at predetermined time intervals to a diagnostic
part within the object 1 through the probe 2, a receiving unit
4 which receives a reflection echo signal reflected by the
object 1 on the time series, an ultrasonic reception control unit
5, and a phasing and adding unit 6 which phases and adds the
received reflection echo.

[0036] The probe 2 includes a plurality of oscillators
arranged in line or in fan form, and the oscillators transmit and
receive the ultrasonic to and from the object 1. The probe 2
has the function of mechanically scanning the plurality of
oscillators in a direction (short axis direction) orthogonal to
the arrangement direction of the oscillators to allow three-
dimensional transmission and reception of the ultrasonic.
Alternatively, the probe 2 may be provided by using a plural-
ity of oscillators arranged two-dimensionally to transmit and
receive the ultrasonic three-dimensionally without mechani-
cally moving the oscillators.

[0037] The transmitting unit 3 produces a transmission
wave pulse for driving the probe 2 to generate the ultrasonic.
The transmitting unit 3 controls the phase of the transmission
wave signal passed to each of the oscillators of the probe 2 to
set the convergence point of the ultrasonic to be transmitted at
a certain depth. The receiving unit 4 amplifies the reflection
echo signal received by each of the oscillators of the probe 2
with a predetermined gain to produce an RF signal, that is, a
reception wave signal. The ultrasonic transmission/reception
control unit 5 controls the transmitting unit 3 and the receiv-
ing unit 4. The phasing and adding unit 6 matches the phases
of the RF signals and then adds them to form an ultrasonic
beam converged to a single or a plurality of convergence
points to produce RF signal frame data (corresponding to
RAW data).

[0038] The ultrasonic diagnostic apparatus also includes an
interface unit 43 which receives the settings from the opera-
tor, an image display unit 13, a switching and adding unit 12
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which switches types of the image to be displayed on the
image display unit 13, an image system control unit 44, and a
short axis scan position control unit 46. The short axis scan
position control unit 46 controls the operation of the probe 2
to mechanically scan the plurality of oscillators in the direc-
tion orthogonal to the arrangement direction to perform three-
dimensional transmission and reception in a predetermined
range.

[0039] The ultrasonic diagnostic apparatus also includes a
section image constituting unit 7, a section image storage unit
35, a section image volume data creating unit 36, a volume
rendering unit 38, and a multiframe constituting unit (section
image) 46, as components for producing a monochrome sec-
tion image and a three-dimensional image of a diagnostic part
having intensities as ultrasonic reflectivities from the RF
frame data. In addition, the ultrasonic diagnostic apparatus
includes an RF signal frame data storage unit 27, an RF signal
frame data selecting unit 28, a displacement measuring unit
30, an elasticity information calculating unit 32, an elasticity
image constituting unit 34, a two-dimensional elasticity
image storage unit 39, an elasticity image volume data creat-
ing unit 40, a volume rendering unit 42, a multiframe consti-
tuting unit (elasticity image) 48, and a rendering range setting
unit 51, as components for producing a two-dimensional elas-
ticity image and a three-dimensional elasticity image from
the RF signal frame data.

[0040] The section image constituting unit 7 performs gain
correction, log compression, detection, outline enhancement,
filtering and the like on the RF signal frame data produced in
the phasing and adding unit 6 to produce the monochrome
section image (B mode image) of the diagnostic part having
the intensities (shades) as the reflectivities. At this point, the
image system control unit 44 receives the conditions of pro-
ducing the monochrome section image from the operator
through the interface unit 43 to control the section image
constituting unit 7.

[0041] The section image storage unit 35 stores the mono-
chrome section image constituted by the section image con-
stituting unit 7 and its taking position in correspondence with
each other. The taking position refers to the movement
amount in the short axis direction under control of the short
axis scan position control unit 46. The volume data creating
unit 36 performs coordinate conversion for re-placement in
accordance with the movement amount in the short axis direc-
tion on a plurality of monochrome section images (for one
volume) stored in the section image storage unit 35 to create
three-dimensional volume data.

[0042] The volume rendering unit 38 performs volume ren-
dering of the three-dimensional volume data produced by the
volume data creating unit 36 based on the intensity and the
opacity using the following expressions (1) to (3) to constitute
the three-dimensional image of the diagnostic part of the
object (two-dimensional projection image of three-dimen-
sional volume data). The projection direction (direction of
line of sight) is received by the image system control unit 44
from the operator through the interface unit 43.

Cout(iy=Cout(i-1)+(1-4out(i-1))4(H)C(H)S() expression (1)

Aout(i)=4out(i-1)+(1-Aout((-1))4() expression (2)

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

[0043] In the expression (1), Cout(i) represents the value
output as the pixel value of the two-dimensional projection
plane. C(i) represents the intensity value of an ith voxel

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

[0044] A(i) in the expression (1) represents the opacity of
the ith voxel present on the line of sight and takes values
ranging from O to 1.0. The opacity A(i) is determined in
accordance with the magnitude of the intensity value of the
voxel by referencing a table (Bopacity[C(i)] defining the pre-
defined relationship between intensity value C(i) and opacity
or by substituting the intensity value C(i) into a function
(Bopacity[C(i)] defining the predefined relationship between
the intensity value C (i) and opacity as shown in the expres-
sion (3). For example, a higher opacity is provided for a voxel
having a higher intensity value. The opacity thus provided in
accordance with the intensity value determines the contribu-
tion of the intensity value C(i) of the voxel to the intensity
value Cout(N-1) of the two-dimensional projection plane to
be output.

[0045] Aout(i) in the expression (2) is the value calculated
by accumulating the opacities A(i) provided from the expres-
sion (3) in accordance with the right side of the expression (2)
up to the ith voxel. In the expression (1), the accumulated
value Aout(i-1) of the opacities up to the i-1th voxel calcu-
lated as in the expression (2) is used. As apparent from the
expression (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-1th voxel is
approximately 1.0 as shown in the above expression (1), the
second term in the right side of the expression (1) is 0, and the
intensity value C(i) of the ith and subsequent voxels is not
reflected in the two-dimensional projection image (three-
dimensional) to be output. The initial values of Cout(i) and
Aout(i) are zero.

[0046] S(i) in the expression (1) is a weight component for
shading and is calculated from the slope of the intensity value
determined from the intensity value. C(i) and its surrounding
intensity values. For example, when the normal to the plane
centered on the ith voxel (slope of the intensity 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 i based on a predefined table and function. When the
light source is orthogonal to the normal, 0.0 is provided as
S(i). This provides the shading for the obtained two-dimen-
sional projection image to achieve a highlighting effect.
[0047] The multiframe constituting unit (section image) 46
produces a monochrome section image on an arbitrary sec-
tion from the three-dimensional volume data created by the
volume data creating unit 36. The position of the arbitrary
section is received by the interface unit 43 from the operator
and is set in the multiframe constituting unit (section image)
46 through the image system control unit 44. A plurality of
positions of the arbitrary sections may be set, and the multi-
frame constituting unit 46 produces the monochrome section
image for each of the plurality of positions of the arbitrary
sections.

[0048] These configurations form the three-dimensional
image of the diagnostic part of the object 1 and the mono-
chrome section image of the arbitrary section.

[0049] The RF signal frame data produced by the phasing
and adding unit 6 is sequentially stored in the RF signal frame
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data storage unit 27. For example, the RF signal frame data
storage unit 27 sequentially stores the RF signal data pro-
duced 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 RF signal frame data items from the plurality
of RF signal frame data items stored in the RF signal frame
data storage unit 27. For example, in response to an instruc-
tion 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 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 items
and are natural numbers.

[0050] The displacement measuring unit 30 determines a
displacement or the like of a living organ from a set of RF
signal frame data items.

[0051] For example, the displacement measuring unit 30
performs one-dimensional or two-dimensional correlation
processing on the set of data items, 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 one-dimen-
sional or two-dimensional displacement distribution for a
displacement and a movement vector (direction and magni-
tude of displacement) in the living organ for each point in the
section image (two-dimensional reflectivity image). A block
matching method is used for detecting the movement vector.
The block matching method includes dividing the section
image into blocks each constituting of N pixels by N pixels,
for example, focusing on a block within an area of interest,
searching the previous frame for a block having the reflectiv-
ity distribution most approximate to that of the focused block,
and referencing that block to determine a sample value
through predictive coding, that is, differences.

[0052] The elasticity information calculating unit 32 per-
forms predetermined calculations based on the displacement
and the movement vector determined by the displacement
measuring unit 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, for example, displacement.

[0053] The two-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 two-dimensional elas-
ticity image representing the two-dimensional distribution of
the elasticity values in the diagnostic part of the object. The
two-dimensional elasticity image is a color image provided
by converting the elasticity values into hue information based
on a predefined color conversion table. For example, as the
elasticity 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.

[0054] The two-dimensional elasticity image storage unit
39 stores the two-dimensional elasticity image produced in
the elasticity image constituting unit 34 and its taking posi-
tion in correspondence with each other. The volume data
creating unit 40 performs three-dimensional coordinate con-
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version based on the two-dimensional elasticity image stored
in the two-dimensional elasticity image storage unit 39 and its
taking position to produce three-dimensional volume data
including the plurality of spatially contiguous two-dimen-
sional elasticity images placed three-dimensionally.

[0055] In the present embodiment, in order to obtain the
three-dimensional image allowing the operator to clearly rec-
ognize the shape of the organ having the elasticity values
within the range desired by the operator, only the voxels
having the elasticity values within the range desired by the
operator are rendered out of the voxels constituting the three-
dimensional volume data. This can provide the three-dimen-
sional elasticity image of the organ having the elasticity val-
ues within the range set by the operator.

[0056] The setting of the range of the elasticity values is
received by the rendering range setting unit 51 from the
operator through the interface unit 43. Examples of the setting
method include setting the range of the elasticity values for
the rendering at the range from a single value set by the
operator to 1 which is the value representing the hardest
elasticity (1 to a) in the values from 1 to 255 since the range of
the elasticity values includes the 255 levels, setting the range
of the elasticity values for the rendering at the range from a
single value set by the operator to 255 which is the value
representing the softest elasticity (a to 255), and setting the
range for the rendering at the range between two elasticity
values set by the operator. In the following, description is
made of the example in which the rendering is performed in
the range from a single value set by the operator to 1 which is
the value representing the hardest elasticity. FIG. 2(c¢) is an
enlarged view showing the elasticity value a set by the opera-
tor and displayed in an area 107.

[0057] The volume rendering unit 42 selects the voxels
having the elasticity value data included in the range set in the
rendering range setting unit 51 from the elasticity volume
data, and performs the volume rendering only on those voxels
to constitute the three-dimensional elasticity image. Since
this can provide the three-dimensional elasticity image of the
voxels having the elasticity values within the range desired by
the operator, the operator can recognize the three-dimen-
sional shape of the hard organ and the soft organ present
inside the voxels having high opacities.

[0058] The methods of selecting the voxels having the elas-
ticity values within the range include replacing the elasticity
value data outside the range set in the rendering range setting
unit 51 with zero, or placing a mask on the voxels having the
elasticity value data outside the set range. The selected voxels
are subjected to the volume rendering based on the elasticity
values and the opacities using the following expressions (4) to
(6). The projection direction (direction of line of sight) is
received by the image system control unit 44 from the opera-
tor through the interface 43.

Eout(i)=Eout(i-1)+(1-4out(i-1)A()EG)S() expression (4)

Aout(i)=Aout(i-1)}+(1-Aout(i-1))4(7) expression (5)

A(i)y=Eopacity[E(i)]

[0059] In the expression (4), Eout(i) represents the value
output as the pixel value of the projection plane. E(i) repre-
sents the elasticity value of an ith voxel (where i=0 to N-1)
present on the line of sight when the three-dimensional elas-
ticity image is viewed from a certain point on the two-dimen-
sional projection plane. When the method of replacing the
elasticity value data outside the set range with zero is used as
the method of selecting the voxels having the elasticity values
within the range, the elasticity value data E(i) outside the
range is replaced with zero (E(i)=0) to avoid rendering of the

expression (6)
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elasticity value data outside the predetermined elasticity
value range. When the elasticity values of N voxels are
arranged on the line of sight, the accumulated value Eout(N-
1) calculated by accumulating 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-1th voxel.

[0060] A() in the expression (4) represents the opacity of
the ith 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 elasticity value of the
voxel by referencing a table (Eopacity[E(i)] defining the pre-
defined 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 elasticity value E (i) and opacity as shown in the expres-
sion (6).

[0061] Aout(i) in the expression (5) is the value calculated
by accumulating the opacities A(i) provided from the expres-
sion (6) in accordance with the right side of the expression (5)
up to the ith voxel. In the expression (4), the accumulated
value Aout(i-1) of the opacities up to the i-1th voxel calcu-
lated as in the expression (5) is used. As apparent from the
expression (5), 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-1th voxel is
approximately 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 ith and subsequent voxels is not
reflected in the two-dimensional projection image (three-
dimensional) to be output. The initial values of Eout(i) and
Aout(i) are zero.

[0062] S(i) in the expression (4) is a weight component for
shading and is calculated from the slope of the elasticity value
determined from the elasticity value E(i) and its surrounding
elasticity values. For example, when the normal to the plane
centered on the ith 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 i based on a predefined table and function. When the
light source is orthogonal to the normal, 0.0 is provided as
S(i). This provides the shading for the obtained two-dimen-
sional projection image to achieve a highlighting effect.

[0063] In the present embodiment, the three-dimensional
elasticity image is colored by referencing a color map 105 for
the three-dimensional elasticity image in FIG. 2(d). The color
map 105 for the three-dimensional elasticity image provides
a hue (single color) in association with the set elasticity value
range and provides an intensity (lightness) varying in accor-
dance with the magnitude of the value of Eout(i), for example.
Specifically, 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 intensity).

[0064] By way of example, the hue in association with the
set elasticity value range is blue when the average value ofthe
set elasticity value range is smaller than the average value 127
of'the elasticity value, or the hue is red when the average value
is larger than 127. For example, the blue may be set when the
hard range is selected with a soft/hard selecting switch 122,
later described, or the red may be set when the soft range is
selected. The hue may be associated with the average value of
the set elasticity value range.

[0065] The setting is performed to be closer to black (lower
intensity) as the contribution of S(i) in the expression (4) is
larger, that is, as the value of Eout(i) is smaller, so that the
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shading effect can be achieved to result in the stereoscopic
three-dimensional elasticity image.

[0066] Another coloring method includes performing the
rendering with the opacity A(i) set at 1.0 in the expression (4)
so that the value of Eout(i) is maintained at the elasticity value
on the surface of the volume data to be rendered. Thus, the
coloring can be performed with the hue associated with the
elasticity value on the surface of the volume data to be ren-
dered by using a color map similar to a color map 104 for the
two-dimensional elasticity image.

[0067] The multiframe constituting unit (elasticity image)
48 produces a two-dimensional elasticity image on an arbi-
trary section from the elasticity volume data. The specifica-
tion of the arbitrary section is received by the interface unit 43
from the operator and is passed to the multiframe constituting
unit 48 through the image system control unit 44. A plurality
of positions of the arbitrary sections can be set, and the
multiframe constituting unit 48 produces the two-dimen-
sional elasticity image for each of the plurality of positions of
the arbitrary sections.

[0068] The switching and adding unit 12 is formed of a
frame memory, an image processing unit, and an image
selecting unit. The frame memory stores the monochrome
section images produced by the elasticity image constituting
unit 7 and the multiframe constituting unit 46, the color
two-dimensional elasticity image produced by the two-di-
mensional elasticity image constituting unit 34 and the mul-
tiframe constituting unit 48, the three-dimensional image
produced by the volume rendering unit 38, and the three-
dimensional elasticity image produced by the volume render-
ing unit 48.

[0069] The switching and adding unit 12 produces a com-
bined image provided by adding the color two-dimensional
elasticity image to the monochrome section image at a pre-
determined ratio in response to an instruction of the operator.
The monochrome section image produced by the elasticity
image constituting unit 7 or the monochrome section image
on the arbitrary section produced by the multiframe consti-
tuting unit 46 is used as the monochrome section image. The
two-dimensional elasticity image produced by the two-di-
mensional elasticity image constituting unit 34 or the two-
dimensional elasticity image on the arbitrary section pro-
duced by the multiframe constituting unit 48 is used as the
color two-dimensional elasticity image. The known method
of producing the combined images described in Patent Lit-
erature 1 is now described simply. When the intensity value of
a pixel at the position x, y in the monochrome section image
is represented by C(x,y), the monochrome section image is
converted into a color section image. When the output values
ofred (R), green (G), and blur (B) of the pixel are represented
by C(R)(x,y), C(G)(x,y), and C(B)(x,y), the conversion is
performed by setting the values of C(x,y) as shown in the
following expressions (7) to (9).

CR)(xy)=C(x,p) expression (7)

C(G)xy)=Cxy) expression (8)

C(B)(xy)=Cx.y)

[0070] When the output values of red (R), green (G), and
blue (B) of a pixel at coordinates (x,y) in the color two-
dimensional elasticity image are represented by E(R)(x,y),
E(G)(x,y), and E(B)(x,y), and the combination ratio set by the
operator is represented by r (0<r=1), the output values D(R)

expression (9)
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x,¥), D(G)(x,y), and D(B)(x,y) of the pixel in the combined
image are determined with the following expressions (10) to

12).

D(R)(xy)=E(R)(x,y)xr+C(R)(x,y) expression (10)

D(G)&xy)=E(G)xyxr+C(G)(x.y) expression (11)

D(B)(x,y)=E(B)(x,y)xr+C(B)(x.y) expression (12)

[0071] Theproduced combined image is stored in the frame
memory.
[0072] The switching and adding unit 12 selects and passes

the image to be displayed in the image display unit 13 from
the monochrome section image, the color two-dimensional
elasticity image, the three-dimensional image, the three-di-
mensional elasticity 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 passed one or more images in a predeter-
mined arrangement on the screen.

[0073] 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 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 three-dimensional elastic-
ity 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.

[0074] FIG. 2(a) is an example of the image displayed in
the image display unit 13. The combined image of the mono-
chrome section image 111 and the two-dimensional elasticity
image 112 is displayed in a left area on a screen 100. Since the
two-dimensional elasticity image 112 is produced only for an
ROI 101 set by the operator, the image 112 is combined with
the monochrome section image 111 only in the central area of
the display region. The color map 104 showing the relation-
ship between the hue and the elasticity value of the two-
dimensional elasticity image 112 is displayed on the left of
the two-dimensional elasticity image 112. As shown in the
enlarged view of FIG. 2(5), the color map 104 includes a red
hue allocated to a soft area with high elasticity values, a blue
hue allocated to a hard area with low elasticity values, and a
green hue allocated to an intermediate area. The colors are
changed stepwise with the elasticity value, and 255 levels are
present in total.

[0075] The three-dimensional elasticity image 103 is dis-
played in a right area on the screen 100. The three-dimen-
sional elasticity image 103 is provided by rendering only the
voxels within the range of elasticity values set by the operator.
The color map 105 for the three-dimensional elasticity image
showing the relationship between the hue and the elasticity
value of the three-dimensional elasticity image 103 is dis-
played on the right of the three-dimensional elasticity image
103.

[0076] A parameter display area 106 showing the values of
various parameters received from the operator is displayed in
alower portion on the screen 100. The parameter display area
includes the area 107 showing the range of elasticity values
set by the operator as the rendering range. The displayed
three-dimensional elasticity image 103 is produced by the
rendering unit 42 rendering the voxels in the elasticity value
range set as the rendering range.
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[0077] Theinterface unit43 in FIG. 1 includes an operation
panel 120 placed under the image display unit 13 as shown in
FIG. 3(a). The operation panel 120 includes a toggle switch
121 for setting the elasticity value and the soft/hard selecting
switch 122. The soft/hard selecting switch 122 has the con-
figuration as shown in FIG. 4(a). When a button labeled with
“hard” is selected, the volume rendering unit 42 selects and
renders the voxels in the harder range than the elasticity value
o set with the toggle switch 121, that is, in the range from 1 to
o to produce and display the three-dimensional elasticity
image 103 of the hard organ having the elasticity value of . or
lower as shown in FIG. 4(5). On the other hand, when a button
labeled with “soft” is selected, the volume rendering unit 42
selects and renders the voxels in the range from a to 255 which
is the softer range than the elasticity value o to produce and
display the three-dimensional elasticity image 103 of the soft
organ having the elasticity value of o or higher as shown in
FIG. 4(c).

Embodiment 1

[0078] The ultrasonic diagnostic apparatus of Embodiment
1 includes the section image constituting unit 7 which pro-
duces the section image of the object using the received signal
as a result of the ultrasonic transmitted into the object, the
two-dimensional elasticity image constituting unit 34 which
processes the signal to produce the two-dimensional elastic-
ity image for the elasticity value representing the elasticity,
the rendering unit 42 which produces the volume data formed
of the plurality two-dimensional elasticity images, and
selects and renders the elasticity value data of the volume data
included in the desired elasticity value range to produce the
three-dimensional elasticity image for the elasticity value
data within the elasticity value range, and the display unit 13
which displays the three-dimensional elasticity image and at
least one of the two-dimensional elasticity image and the
section image showing the area associated with the elasticity
value range. In the method of displaying the ultrasonic image,
ultrasonic is transmitted into an object and a section image of
the object is produced on the basis of a received signal, the
signal is processed to produce a two-dimensional elasticity
image of an elasticity value representing elasticity, volume
data is produced from a plurality of the two-dimensional
elasticity images, elasticity value data of the volume data
included in a desired elasticity value range is selected and
rendered to produce a three-dimensional elasticity image of
the elasticity value data in the elasticity value range, and the
three-dimensional elasticity image and at least one of the
two-dimensional elasticity image and the section image
showing an area corresponding to the elasticity value range
are displayed.

[0079] The ultrasonic diagnostic apparatus has the mode in
which the operator sets the elasticity value range to be ren-
dered (rendering range) and the image is displayed so as to
allow the operator to easily recognize the area of the elasticity
value range. The mode is realized by the image system control
unit 44 controlling the respective components as shown in a
flow of FIG. 5.

[0080] When the operator selects the mode on the operation
panel 120, the image system control unit 44 reads and
executes a program stored in a built-in memory to perform the
control as described below.

[0081] First, at step 61, the monochrome section image 111
produced by the section image constituting unit 7 or the
multiframe constituting unit 46 is, combined with the two-
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dimensional elasticity image 112 produced by the two-di-
mensional elasticity image constituting unit 34 or the multi-
frame constituting unit 48 in the switching and adding unit 12
with the above expressions (7) to (12) to produce the com-
bined image. The combined image is displayed on the left
area on the screen 100 in the image display unit 13 as shown
in FIG. 2(a). At the same time, the elasticity value range
predefined as the initial value is set in the rendering range
setting unit 51 to cause the volume rendering unit 42 to
produce the three-dimensional elasticity image of the voxels
within the elasticity value range of the initial value. This
image is displayed on the right area on the screen 100. At this
point, the elasticity value range of the predefined initial value
is displayed in the area 107 showing the elasticity value range
in the lower portion on the screen 100 as shown in FIG. 2(c).
By way of example, FIG. 2(c) shows the case where the
elasticity value o of the initial value is 72 and the “hard”
button is selected as the initial value in the soft/hard selecting
switch 122, and the three-dimensional elasticity image 103 of
the hard organ within the elasticity value range from 1 to 72 is
displayed.

[0082] Next, the image system control unit 44 proceeds to
step 62 and displays the area of the organ associated with the
set elasticity value range (initial value) on the combined
image in the left area on the screen 100. Specifically, the mask
is placed on the two-dimensional elasticity image 112 of the
combined image and the combination ratio of the two-dimen-
sional elasticity image 112 is set to be lower than the setting
ratio in the expressions (10) to (12) to show in which area on
the two-dimensional elasticity image the set elasticity value
range from 1 to 72 is present. This processing will be specifi-
cally described in the following.

[0083] Therendering range setting unit 51 outputs the elas-
ticity value range from 1 to o (initial value) to the two-
dimensional elasticity image constituting unit 34 or the mul-
tiframe constituting unit 48 producing the displayed two-
dimensional elasticity image. The two-dimensional elasticity
image constituting unit 34 or the multiframe constituting unit
48 sets the elasticity value of the two-dimensional elasticity
image at coordinates (x,y)(x=0to X, y=0toY) to E(x,y) and
then extracts the area outside the set elasticity value range (1
to a) with the expressions (13) and (14) to produce a mask
(M1) 110 (see FIG. 6).

When 1 =E(x,y)=a, then M1(x,y)=1 expression (13)

When a<E(x,y), then M1(x,y)=0 expression (14)
[0084] In combining the monochrome section image 111
with the two-dimensional elasticity image 112, the switching
and adding unit 12 adds them at the combination ratio of the
masked area of the two-dimensional elasticity image 112
lower than the set ratio r based on the mask (M1) 110 to
produce and display the masked combined image as shown in
FIG. 6(b).

[0085] The output values D(R)(x,y), D(G)(%,y), and D(B)
(x,y) ofapixel in the masked combined image are determined
with the following expressions (15) to (20). It should be noted
that the output values of red (R), green (G), and blue (B) of a
pixel at coordinates (x,y) in the color two-dimensional elas-
ticity image are set at E(R)(x,y), E(G)(x,y), and E(B)(x,y),
and the output values of red (R), green (G), and blue (B) of a
pixel at coordinates (x,y) after the monochrome section
image is converted into the color section image are set at C
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R)E,y) C(G)(x,y), and C(B)(x,y), where r represents the
combination ratio (O<r=1) set by the operator, and w is a
predefined weight (0=w=1).

[0086] When M1(x,y)=1, then
D(R)(x,y)=E(R)(x,y)xr+C(R)(x,y) expression (15)

D(G)(x,y)=E(G) (x,y)xr+C(G)(x,y) expression (16)

D(B) . y)=E(B)(x.y)xr+C(B)*.y)

[0087] When M1(x,y)=0, then
DR)xy)=ER)(xy)xrxw+C(R)(x.)

expression (17)

expression (18)

D(G)xy)=E(G)x,y)xrxw+C(G)(x,y) expression (19)

DB)xy)=E(B)xy)xrxw+C(B)(x,y)

[0088] Thus, in the displayed combined image, as shown in
FIG. 6(b), the color two-dimensional elasticity image 112 is
displayed in a darker color in an area 108 over which the mask
(M1)110is not placed. The two-dimensional elasticity image
112 is displayed in a lighter color and the monochrome sec-
tion image 111 is displayed in a darker color in the area over
which the mask (M1) 110 is placed outside the area 108. This
allows the operator to intuitively and easily recognize that the
area of the two-dimensional elasticity image 112 displayed in
the darker color is the area corresponding to the three-dimen-
sional elasticity image 103 in the right portion on the screen
100.

[0089] Next, the image system control unit 44 proceeds to
step 63 and receives from the operator through the interface
unit 43 the setting of the elasticity value range for which the
operator wishes to display the three-dimensional elasticity
image. Specifically, the operator rotates the toggle switch 121
shown in FIG. 3(a) to change the elasticity value o from the
initial value =72 to =50 as shown in FIG. 3(b) and FIG.
3(c). The image system control unit 44 receives the elasticity
value a=50 and receives the setting of the button selected in
the soft/hard selecting switch 122. For example when the
“hard” button is selected, the image system control unit 44
receives the setting of the elasticity value range from 1 to 50.
[0090] The image system control unit 44 proceeds to step
64 and performs control such that the volume rendering unit
42 renders the voxels within the elasticity value range from 1
to o (that s, 1 to 50) set as the rendering range to produce and
display the three-dimensional elasticity image in the right
area on the screen 100 as shown in FIG. 3(¢). In the display
example of FIG. 3(¢), the three-dimensional elasticity image
including only the harder organ (within the range of the
smaller elasticity values) than that in the display example of
FIG. 3(b) is shown.

[0091] At step 65, the mask (M1) 110 is produced similarly
to step 62 for the elasticity value range from 1 to o (that is, 1
to 50) received at step 63, the mask (M1) is placed on the
two-dimensional elasticity image 112 of the combined
image, the addition ratio of the two-dimensional elasticity
image 112 in the area outside the elasticity value range set as
the rendering range is reduced with the weight w to produce
the combined image at the increased addition ratio of the
monochrome section image, and the produced combined
image is displayed in the left area on the screen 100.

[0092] As aresult, in the displayed combined image shown
in FIG. 3(c), the area 108 over which the mask (M1) 110 is not
placed is smaller than that in FIG. 3(b). This allows the
operator to intuitively and easily recognize that the organ

expression (20)
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corresponding to the three-dimensional elasticity image 103
in the right portion on the screen 100 is represented in the area
108 of the color two-dimensional elasticity image 112 dis-
played in a darker color. Thus, when the operator manipulates
the toggle switch 121 to change the elasticity value range, the
operator can recognize that the area 108 of the color two-
dimensional elasticity image 112 displayed in the darker
color is changed (that the inner area reduced in size is the
harder area in the example of FIG. 3(4) and FIG. 3(c¢)).
[0093] Theimage system control unit 44 returns to step 63,
and performs steps 64 to 65 when it receives a change in the
elasticity value range from the next operator.

[0094] As described above, in Embodiment 1, the three-
dimensional elasticity image provided by rendering only the
voxels within the elasticity value range desired by the opera-
tor is displayed in parallel to the two-dimensional combined
image, and the area associated with the elasticity value range
of the three-dimensional elasticity image can be displayed
with the mask placed on the two-dimensional combined
image. This can provide the ultrasonic diagnostic apparatus
capable of displaying the three-dimensional elasticity image
including only the area within the desired elasticity value
range and allowing the operator to easily recognize the posi-
tion of that area.

[0095] While Embodiment 1 includes putting the weight
with the value w to place the mask in the expressions (18) to
(20), w may be a fixed value or the value of w may be received
from the operator. While Embodiment 1 employs the range of
0=w=1 for w, the value of w higher than 1 may be used to
display the two-dimensional elasticity image of the area out-
side the elasticity value range set as the rendering range in a
darker color.

[0096] Alternatively, processing may be added to reduce
the combination ratio of the area outside the elasticity value
range set as the rendering range within the switching and
adding unit 12 without creating the mask.

[0097] While Embodiment 1 includes displaying the com-
bined image with the mask placed thereon while the initial
value and the elasticity value range are set at steps 62 and 65,
step 62 may not be performed, that is, the mask may not be
placed on the combined image when the initial value of the
elasticity value range is used, and only when the setting of the
elasticity value range is received from the operator at step 63,
the mask may be placed on the combined image at step 65.
[0098] In this case, the time period during which the com-
bined image is displayed with the mask placed thereon at step
65 may be set only at the time period during which the toggle
switch 121 is manipulated or only at a predetermined limited
time period after the toggle switch 121 is manipulated. Spe-
cifically, the combined image with the mask placed thereon
may be displayed in accordance with the value of the toggle
switch 121 in the limited time period such as the time period
during which the operator rotates the toggle switch 121, and
the normal combined image produced with the expressions
(10) to (12) as shown in FIG. 2(a) may be displayed without
placing the mask in the time period during which the toggle
switch 121 is not rotated (before and after the setting of the
elasticity value range). With the display of the combined
image with the mask placed thereon only in the time period
during which the operator rotates the toggle switch 121, the
operator can easily recognize in which area on the combined
image the elasticity value range being set is present during the
adjustment of the setting range of the elasticity value. In
addition, after the completion of the manipulation of the
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toggle switch 121, the operator can advantageously recognize
the section shape and the overall two-dimensional elasticity
image in the normal combined image including the overall
two-dimensional elasticity image.

[0099] While Embodiment 1 described above includes
placing the mask on the two-dimensional elasticity image 112
ofthe combined image to display the elasticity value range set
as the rendering range, the two-dimensional elasticity image
may not be displayed, and the mask produced with the two-
dimensional elasticity image may be placed on the mono-
chrome section image to show the rendering range on the
monochrome section image. Alternatively, the monochrome
elasticity image may not be combined for display, and the
masked two-dimensional elasticity image and the three-di-
mensional elasticity image may be displayed side by side.

Embodiment 2

[0100] In Embodiment 2, the area outside the elasticity
value range set as the rendering range is transparently dis-
played in the two-dimensional elasticity image of the com-
bined image displayed in the left area on the screen 100 as
shown in FIG. 7.

[0101] Specifically, the following expressions (21) to (26)
are used in putting the weight on the two-dimensional elas-
ticity image with the mask M1(x,y) at steps 62 and 64 of FIG.
5 in Embodiment 1.

[0102] When M1(x,y)=1, then
D(R)(xy)=ER)xy)xr+C[R)(x,y) expression (21)

D(G)xy)=E(G)x.yxr+C(G).y) expression (22)
DB, y)=E(B)(x.y)xr+C(B)(x.)
[0103] when M1(x,y)=0, then

DR)xy)=CR)*x.y)

expression (23)

expression (24)

D(G)xy)=C(G)(xy) expression (25)

DB)xy)=CB)xy)

[0104] As apparent from the expressions (24) to (26), the
two-dimensional elasticity image 112 is not combined in the
area (the area of M1(x,y)=0) outside the elasticity value range
set as the rendering range, so that the two-dimensional elas-
ticity image 112 is displayed only in the area corresponding to
the elasticity value range set as the rendering range as shown
in FIG. 7. In the area outside the elasticity value range set as
the rendering range, the two-dimensional elasticity image is
not displayed but the (transparent) combined image is
obtained.

[0105] Since the other configurations are similar to those in
Embodiment 1, the description thereof is omitted.

expression (26)

Embodiment 3

[0106] In Embodiment 3, at steps 62 and 65 of FIG. 5 in
Embodiment 1, the combined image is produced by filling in
the area of the elasticity value range set as the rendering range
with a predetermined single color corresponding to the elas-
ticity value of that area.

[0107] Specifically, the following expressions (27) to (32)
are used in putting the weight on the two-dimensional elas-
ticity image with the mask M1(x,y) 110 as shown in FIG. 8(a)
at steps 62 and 64 in Embodiment 1.
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[0108] When M1(x,y)=1, then

D(R)(x,y)=KR)(x.y) expression (27)

D(G)(x,y)=K(G)(x.y) expression (28)

D(B)(xy)=K(B)(x.y) expression (29)

[0109] When M1(x,y)=0, then

D(R)(x,y)=E(R)(x,y)xrxw+C(R)(x,y) expression (30)

D(G)x,»)=E(G)(x,y)xrxw+C(G)(x,y) expression (31)

D(B)(x,y)=E(B)(x,y)xrxw+C(B)(x,y) expression (32)
[0110] K(R), K(G), and K(B) represent hues predefined in
accordance with the elasticity values of the elasticity value
range (M1(x,y)=1) set as the rendering range. For example,
when the elasticity value range set as the rendering range is a
predetermined hard elasticity value range, the area is filled in
with a blue tone color not present in the elasticity image color
map 105, and when the range is a soft area, the area is filled in
with a red tone color not present in the elasticity image color
map 105. Any color other than red and blue may be used.

[0111] Thehardness (elasticity value) of the elasticity value
range set as the rendering range is calculated from the elas-
ticity value E(i) of the voxel included in the elasticity value
range set as the rendering range out of the elasticity volume
data. For example, the average value, the maximum value, or
the minimum value is calculated and used.

[0112] This provides the advantage that the area 108 of the
elasticity value range set as the rendering range is filled in
with the single color not present in the color map 105 in the
combined image displayed in the left area on the screen 100 as
shown in FIG. 8(a), so that the shape and the size of the area
108 are easily recognized.

[0113] Since the other configurations are similar to those in
Embodiment 1, the description thereofis omitted. It should be
noted that the time to fill in the area 108 with the predeter-
mined single color may also be limited to the time period such
as the time period during which the operator manipulates the
toggle switch 121 in the present embodiment. This is particu-
larly effective since the two-dimensional elasticity image can
be seen in the normal display in the time period during which
the toggle switch 121 is not manipulated.

[0114] The area outside the elasticity value range set as the
rendering range may not be displayed with the weight from
the expressions (30) to (32), and instead the two-dimensional
elasticity image may be transparent with the expressions (24)
to (26) in Embodiment 2.

[0115] While Embodiment 3 includes filling in the area 108
of'the elasticity value range set as the rendering range with the
single color, the area outside the elasticity value range set as
the rendering range may be fill in with a single color with the
following expressions (33) to (38). The area 108 of the elas-
ticity value range set as the rendering range is displayed with
a weight value w.

[0116] When M1(x,y)=1, then

D(R)(x,y)=E(R)(x,y)xrxw+C(R)(x,y) expression (33)

D(G)x,»)=E(G)(x,y)xrxw+C(G)(x,y) expression (34)

D(B)(x.y)=E(B)(x.y)xrxw+C(B)(x,y) expression (35)
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[0117] When M1(x,y)=0, then

D(R)(x,y)=K(R)(x,y) expression (36)

D(G)xy)=K(G)(x.) expression (37)

D(B)(xy)=K(B)(x.y) expression (38)

Embodiment 4

[0118] Next, Embodiment 4 is described with reference to
FIG. 9(a) and FIG. 9(5). In Embodiment 4, a line 116 repre-
senting the outline of the rendering range (elasticity value
range) is displayed on the two-dimensional elasticity image
112 of the combined image.

[0119] Specifically, at steps 62 and 65 of FIG. 5 in Embodi-
ment 1, the combined image is produced by combining the
line 116 representing the outer periphery of the area of the
elasticity value range set as the rendering range and is dis-
played as shown in FIG. 9(b). At steps 62 and 65, the render-
ing range setting unit 51 outputs the initial value or the elas-
ticity value o set by the operator with the toggle switch 121 to
the two-dimensional elasticity image constituting unit 34 or
the multiframe constituting unit 48. The two-dimensional
elasticity image constituting unit 34 or the multiframe con-
stituting unit 48 produces a mask (M2) 115 shown in FIG.
9(a) with the expressions (39) and (40).

When a-T=E(x,y)=0+7, then M2(x,y)=1 expression (39)

When E(x,y)<o-7, a+T<E(x,y), then M2 (x,y)=0 expression (40)

[0120] T represents a predefined value, and 2T corresponds
to the line width of the line 116 representing the outline of the
rendering range. For example, when T is set at two, the line
width of the line 116 is four as the elasticity value.

[0121] The value of T may be previously defined, or the
value received from the operator through the interface unit 43
may be used.

[0122] When the switching and adding unit 12 combines
the monochrome section image 111 with the two-dimen-
sional elasticity image 112 at steps 62 and 65, the switching
and adding unit 12 allocates a predetermined hue, for
example black color, as the output value of the pixel in the
area of M2(x,y)=1 based on the mask M2(x,y) 115. For the
pixel value in the area of M2(x,))=0, the normal combined
image is used with the above expressions (10) to (12).
[0123] Since this can draw the outline of the area 108 of the
rendering range in the black color with the line 116 as shown
in FIG. 9(b) in the two-dimensional elasticity image of the
combined image, the operator can easily recognize in which
area the rendering range (elasticity value range) of the three-
dimensional elasticity image is present on the combined
image.

[0124] The hue of the line 116 may be previously defined or
may be received from the operator through the interface unit
43.

[0125] Since the other configurations are similar to those in
Embodiment 1, the description thereofis omitted. It should be
noted that the time to draw the line 116 representing the
outline may also be limited to the time period such as the time
period during which the operator manipulates the toggle
switch 121 in the present embodiment. This is particularly
effective since the two-dimensional elasticity image can be
seen in the normal display in the time period during which the
toggle switch 121 is not manipulated.
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Embodiment 5

[0126] Next, Embodiment 5 is described with reference to
FIG. 10.
[0127] In Embodiment 7, the background color of the area

107 of the elasticity value o on the screen 100 set by the
operator as the rendering range is displayed with a hue cor-
responding to the elasticity value o on the color map 104. The
control of the display is performed by the rendering range
setting unit 51.

[0128] The operator can see not only the numeric value
displayed in the area 107 but also the background color of the
area 107 while rotating the toggle switch 121 to easily rec-
ognize which area on the two-dimensional elasticity image
112 the elasticity value o set as the upper limit or the lower
limit of the rendering range corresponds to.

[0129] Embodiment 5 may be implemented together with
the display of the combined image in any of Embodiments 1
to 4. In this case, the operator can recognize the range of the
elasticity values set as the rendering range with both the
combined image and the background color of the area 107. In
the example of FIG. 10, the background color of the area 107
is displayed with the hue corresponding to the elasticity value
a.in addition to the display of the outline 116 in Embodiment
4.

[0130] Instead of the background color of the area 107, the
character “elasticity value o=00" displayed in the area 107
may be shown with the hue corresponding to the elasticity
value a.

[0131] It should be noted that the time to display the back-
ground color or the character color in the area 107 with the
hue corresponding to the elasticity value o may also be lim-
ited to the time period such as the time period during which
the operator manipulates the toggle switch 121 in the present
embodiment. This is particularly effective since the operator
can concentrate on the display other than the area 107 while
the toggle switch 121 is not manipulated.

Embodiment 6

[0132] Next, Embodiment 6 is described with reference to
FIG. 11.
[0133] In Embodiment 6, a mask 117 is placed on the area

outside the elasticity value range set as the rendering range on
the color map 104 to be opaque or to reduce the intensity, or
the area of the mask 117 on the color map 104 is shown
transparently and is not displayed. The control of the display
is performed by the rendering range setting unit 51.

[0134] Embodiment 6 is implemented together with the
display of the combined image in any of Embodiments 1 to 4.
This allows the operator to recognize the range of the elastic-
ity values set as the rendering range with both the combined
image and the display of the color map 104. Embodiment 6
may be performed together with the display of the back-
ground color or the character color of the area 107 in Embodi-
ment 5.

[0135] The example of FIG. 11 shows the screen 100 on
which the combined image in Embodiment 2 is displayed and
the mask 117 is placed on the color map 104.

[0136] The operator can see not only the elasticity value
displayed in the area 107 but also the color map 104 while
rotating the toggle switch 121 to easily recognize the elastic-
ity value range set as the rendering range.

[0137] The processing of placing the mask 117 may be
performed not only on the color map 104 for the two-dimen-
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sional elasticity image but also on the color map 105 for the
three-dimensional elasticity image.

[0138] In addition, the operator can set a plurality of elas-
ticity value ranges such that the plurality of elasticity value
ranges are displayed simultaneously by placing the mask 117
on the color map 104 or the like.

[0139] It should be noted that the time to place the mask on
the color map 104 or the like may also be limited to the time
period during which the operator manipulates the toggle
switch 121 in the present embodiment. Since this prevents the
placement of the mask while the switch is not manipulated,
the operator can visually recognize the overall color map 104.

Embodiment 7

[0140] Next, Embodiment 7 is described with reference to
FIG. 12(a) and FIG. 12(5).

[0141] In Embodiment 7, a bar 118 is displayed at the
position of the elasticity value o set as the upper limit or the
lower limit of the rendering range on the color map 104 to
indicate the elasticity value o to the operator as shown in FIG.
12(a). The control of the display is performed by the render-
ing range setting unit 51.

[0142] Embodiment 7 is implemented together with the
display of the combined image in any of Embodiments 1 to 4.
This allows the operator to recognize the range of the elastic-
ity values set as the rendering range with both the combined
image and the display of the bar 118 on the color map 114. In
addition, Embodiment 7 may be performed together with the
display of the background color or the character color of the
area 107 in Embodiment 5.

[0143] The example of FIG. 12(a) shows the screen 100 on
which the combined image in Embodiment 3 is displayed and
the bar 118 is displayed on the color map 104.

[0144] The numeric value of the elasticity value o shown
by the bar 118 may be displayed near the bar 118.

[0145] The color map on which the bar is displayed is not
limited to the color map 104 for the two-dimensional elastic-
ity image. The bar 118 may be displayed on the color map 105
for the three-dimensional elasticity image.

[0146] The operator may set both the upper limit and the
lower limit of the elasticity value range without using the
soft/hard selecting switch 122, and the upper limit and the
lower limit of the elasticity value range may be displayed by
two bars 118 and 119 as shown in FIG. 12(4). In this case, the
operator may set a plurality of elasticity value ranges such
that the upper limits and the lower limits of the plurality of
elasticity value ranges are displayed simultaneously by a
plurality of sets of bars 118 and 119. In this case, the set of the
bars 118 and 119 for each of the elasticity value ranges may
have a different color.

[0147] Itshould be noted that the time to display the bar 118
orthe like on the color map 104 or the like may also be limited
to the time period during which the operator manipulates the
toggle switch 121 in the present embodiment. Since the bar
118 or the like is not displayed while the switch is not manipu-
lated, the operator can concentrate on the display of the
image.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

[0148] 1 OBJECT, 2 PROBE, 3 TRANSMITTING UNIT,
4 RECEIVING UNIT, 5§ ULTRASONIC TRANSMISSION/
RECEPTION CONTROL UNIT, 6 PHASING AND ADD-
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ING UNIT, 7 SECTION IMAGE CONSTITUTING UNIT,
12 SWITCHING AND ADDING UNIT, 13 IMAGE DIS-
PLAY UNIT, 27 RF SIGNAL FRAME DATA STORAGE
UNIT, 28 RF SIGNAL FRAME DATA SELECTING UNIT,
30 DISPLACEMENT MEASURING UNIT, 32 ELASTIC-
ITY INFORMATION CALCULATING UNIT, 34 TWO-DI-
MENSIONAL ELASTICITY IMAGE CONSTITUTING
UNIT, 36 SECTION IMAGE VOLUME DATA CREATING
UNIT, 38 VOLUME RENDERING UNIT, 39 TWO-DI-
MENSIONAL ELASTICITY IMAGE STORAGE UNIT, 40
ELASTICITY IMAGE VOLUME DATA CREATING UNIT,
42 VOLUME RENDERING UNIT, 43 INTERFACE UNIT,
44 IMAGE SYSTEM CONTROL UNIT, 46 SHORT AXIS
SCAN POSITION CONTROL UNIT, 46 MULTIFRAME
CONSTITUTING UNIT (SECTION IMAGE), 48 MULTI-
FRAME CONSTITUTING UNIT (ELASTICITY IMAGE),
51 RENDERING RANGE SETTING UNIT, 100 SCREEN,
101 ROI, 103 THREE-DIMENSIONAL ELASTICITY
IMAGE, 104 COLOR MAP (TWO-DIMENSIONAL ELAS-
TICITY IMAGE), 105 COLOR MAP (THREE-DIMEN-
SIONAL ELASTICITY IMAGE), 106 PARAMETER DIS-
PLAY AREA, 107 AREA SHOWING ELASTICITY
VALUE o IN RENDERING RANGE, 111 MONO-
CHROME SECTION IMAGE, 112 COLOR TWO-DIMEN-
SIONAL ELASTICITY IMAGE, 120 OPERATION
PANEL, 121 TOGGLE SWITCH, 122 SOFIT/HARD
SELECTING SWITCH

1. An ultrasonic diagnostic apparatus comprising:

a section image constituting unit which transmits ultra-
sonic into an object and produces a section image of the
object based on a received signal and a two-dimensional
elasticity image constituting unit which processes the
signal to produce a two-dimensional elasticity image of
an elasticity value representing elasticity;

a rendering unit which produces volume data formed of a
plurality of the two-dimensional elasticity images and
selects and renders elasticity value data of the volume
data included in a desired elasticity value range to pro-
duce a three-dimensional elasticity image of the elastic-
ity value data in the elasticity value range; and

a display unit which displays the three-dimensional elas-
ticity image and at least one of the two-dimensional
elasticity image and the section image showing an area
corresponding to the elasticity value range.

2. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit displays an area of the two-dimen-
sional elasticity image outside the elasticity value range with
a mask placed thereon.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein the display unit displays a combined image pro-
vided by adding the two-dimensional elasticity image and the
section image at a ratio, the ratio in an area within the elas-
ticity value range being different from the ratio in the area
with the mask placed thereon.

4. The ultrasonic diagnostic apparatus according to claim
3, wherein the display unit displays the combined image
provided by adding the two-dimensional elasticity image at
the ratio set at zero in the area with the mask placed thereon.

5. The ultrasonic diagnostic apparatus according to claim
2, wherein the display unit displays an area of the two-dimen-
sional elasticity image within the elasticity value range or the
area with the mask placed thereon filled in with a single hue.
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6. The ultrasonic diagnostic apparatus according to claim
5, wherein the single hue is set in accordance with an elastic-
ity value in the area of the two-dimensional elasticity image to
be filled in with the hue.

7. The ultrasonic diagnostic apparatus according to claim
1, wherein the display unit displays a line representing an
outline of the elasticity value range in the two-dimensional
elasticity image.

8. The ultrasonic diagnostic apparatus according to claim
1, further comprising an operation unit which is used by an
operator to set the elasticity value range,

wherein the display unit displays the area corresponding to
the elasticity value range on at least one of the two-
dimensional elasticity image and the section image only
for a predetermined time period when the operation unit
receives setting of the elasticity value range.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the two-dimensional elasticity image is a color
image having a different hue provided in accordance with an
elasticity value, and the display unit displays a color map
representing the relationship between the elasticity value and
the hue by adding a display showing the elasticity value range
thereto.

10. The ultrasonic diagnostic apparatus according to claim
1, wherein the two-dimensional elasticity image is a color
image having a different hue provided in accordance with an
elasticity value, and the display unit displays the elasticity
value range with a numeric value by adding a hue correspond-
ing to the elasticity value range thereto.

11. A method of displaying an ultrasonic image compris-
ing:
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transmitting ultrasonic into an object and producing a sec-
tion image of the object based on a received signal;

processing the signal to produce a two-dimensional elas-
ticity image of an elasticity value representing elasticity;

producing volume data from a plurality of the two-dimen-
sional elasticity images and selecting and rendering
elasticity value data of the volume data included in a
desired elasticity value range to produce a three-dimen-
sional elasticity image of the elasticity value data in the
elasticity value range; and

displaying the three-dimensional elasticity image and at

least one of the two-dimensional elasticity image and the
section image showing an area corresponding to the
elasticity value range.

12. The method of displaying an ultrasonic image accord-
ing to claim 11, wherein the display step displays an area of
the two-dimensional elasticity image outside the elasticity
value range with a mask placed thereon.

13. The method of displaying an ultrasonic image accord-
ing to claim 12, wherein the display step displays a combined
image provided by adding the two-dimensional elasticity
image and the section image at a ratio, the ratio in an area
within the elasticity value range being different from the ratio
in the area with the mask placed thereon.

14. The method of displaying an ultrasonic image accord-
ing to claim 12, wherein the display step displays an area of
the two-dimensional elasticity image within the elasticity
value range or the area with the mask placed thereon filled in
with a single hue.

15. The method of displaying an ultrasonic image accord-
ing to claim 11, wherein the display step displays a line
representing an outline of the elasticity value range in the
two-dimensional elasticity image.

* % Ed Ed *
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