US 20120157831A1

12y Patent Application Publication (o) Pub. No.: US 2012/0157831 A1

a9 United States

Waki

(43) Pub. Date: Jun. 21, 2012

(54) ULTRASONIC DIAGNOSTIC APPARATUS
AND ELASTICITY IMAGE DISPLAY
METHOD

(75) Inventor: Koji Waki, Tokyo (JP)

(73) Assignee: Hitachi Medical Corporation,

Tokyo (JP)
(21) Appl. No.: 13/392,652
(22) PCT Filed: Sep. 9, 2010
(86) PCT No.: PCT/JP2010/065486

§ 371 (e)(1),

(2), (4) Date: Feb. 27, 2012

(30) Foreign Application Priority Data
Sep. 10,2009  (JP) .coeviiiiiiiiiiciiie 2009-209837

Publication Classification

(51) Int.CL
A61B 8/08 (2006.01)
AGIB 6/00 (2006.01)
(52) US.CL oo 600/427; 600/438

20172

Fr.
r Fr. 1

a

Fr.

202

(57) ABSTRACT

Disclosed is an ultrasonic diagnostic apparatus provided
with: an ultrasonic probe which transmits/receives ultrasonic
waves to/from an object while being in contact with the
object; a transmission/reception unit which, in a process in
which pressing force applied to the object by the ultrasonic
probe is changed and the tomographic position at which the
ultrasonic waves are transmitted/received to/from the object
is moved in a short axis direction, periodically transmits/
receives the ultrasonic waves to/from the object, performs
reception processing on a reflection echo signal from the
object, and measures RF signal frame data at the tomographic
position; a displacement measurement unit which, on the
basis of two pieces of RF signal frame data, between which
the difference in measurement time falls within a set range,
selected from among multiple pieces of RF signal frame data
sequentially measured by the transmission/reception unit,
finds the displacement of a living tissue at the tomographic
position and sequentially generates displacement frame data;
an elasticity information calculation unit which on the basis
of'the displacement frame data sequentially generated by the
displacement measurement unit, finds elasticity information
relating to the living tissue at the tomographic position, and
sequentially generates elasticity frame data; and an elasticity
image construction unit which on the basis of the elasticity
frame data sequentially generated by the elasticity informa-
tion calculation unit, sequentially constructs elasticity
images.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ELASTICITY IMAGE DISPLAY
METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and an elasticity image display method and,
more particularly, to elasticity image measurement suitable
for shortening the time required to display an elasticity image
indicating the hardness or softness of a living tissue in two or
three dimensions.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus performs ultra-
sonic scanning along an arbitrary cross-sectional plane inside
an object by an ultrasonic probe and constructs and displays,
for example, a tomographic image on the basis of RF signal
frame data obtained by performing reception processing on a
reflection echo signal from a living tissue at a cross-sectional
position including the cross-sectional plane. Since RF signal
frame data here is substantially identical to tomographic
image data, the term tomographic image data in the descrip-
tion below conceptually includes RF signal frame data.
[0003] Also, it is commonly performed to repeatedly mea-
sure RF signal frame data at a single cross-sectional position
while pressing an object with an ultrasonic probe, obtain
displacements of parts of a living tissue at the cross-sectional
position on the basis of two pieces of RF signal frame data
different in measurement time (the amount of pressing), and
construct an elasticity image indicating the hardness or soft-
ness of the living tissue on the basis of obtained displacement
frame data (e.g., Patent Literature 1). Elasticity information
indicating the hardness or softness of a living tissue is typi-
cally a strain or the elastic-modulus of the living tissue. It is,
however, well-known that examples of elasticity information
include a physical quantity, such as a displacement, correlat-
ing with a strain or an elastic-modulus.

[0004] Further, it is commonly performed to transmit/re-
ceive ultrasonic waves while moving an ultrasonic probe in a
short axis direction orthogonal to a direction in which trans-
ducers are arranged (a long axis direction), measure respec-
tive two-dimensional tomographic images at different cross-
sectional positions to generate volume data of the
tomographic images, perform volume rendering using the
volume data to construct a three-dimensional tomographic
image (e.g., a two-dimensional projection image), and dis-
play the three-dimensional tomographic image (e.g., Patent
Literature 2). In this case, a position sensor which measures
the position and tilt of the ultrasonic probe is provided, posi-
tion information and tilt information are acquired at the same
time as transmission/reception of ultrasonic waves, and a
plurality of two-dimensional tomographic images are regis-
tered in association with three-dimensional coordinates of
volume data. With a three-dimensional tomographic image
constructed in the above-described manner, information on
the extent of a part of interest can be observed from a different
angle.

[0005] Similarly, the process of constructing and display-
ing a three-dimensional elasticity image has been proposed in
order to intuitively recognize the shape and volume of a hard
part or a soft part present in a living tissue (e.g., Patent
Literature 3). According to the process, elasticity image vol-
ume data composed of a plurality of two-dimensional elas-
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ticity images measured by general elasticity image measure-
ment is generated, and a three-dimensional image (e.g., a
two-dimensional projection image) is constructed on the
basis of the elasticity image volume data. A further improve-
ment in visibility by displaying a three-dimensional elasticity
image to be superimposed on, e.g., a three-dimensional tomo-
graphic image has also been proposed.

CITATION LIST
Patent Literature
Patent Literature 1; JP-A-2000-060853
Patent Literature 2: JP-A-2006-271523
Patent Literature 3: JP-A-2008-259605

SUMMARY OF INVENTION
Technical Problem

[0006] Elasticity image volume data in Patent Literature 3
is generated by repeatedly measuring RF signal frame data at
a single cross-sectional position while pressing an object, by
elasticity image measurement disclosed in Patent Literature
1, obtaining a displacement of a living tissue at the single
cross-sectional position on the basis of two pieces of RF
signal frame data different in measurement time (the amount
of pressing), constructing a two-dimensional elasticity image
on the basis of obtained displacement frame data, and con-
structing respective two-dimensional elasticity images at a
plurality of cross-sectional positions while moving an ultra-
sonic probe in a short axis direction.

[0007] Thatis, according to a conventional technique, elas-
ticity image volume data is generated by obtaining a displace-
ment of a living tissue between two pieces of RF signal frame
data measured at a single cross-sectional position under dif-
ferent amounts of pressing, constructing one elasticity image
from obtained displacement frame data, and constructing a
plurality of elasticity images in the same manner while mov-
ing a current cross-sectional position in a short axis direction
of an ultrasonic probe.

[0008] However, the need to construct an elasticity image
by repeatedly measuring at least two pieces of RF signal
frame data under different amounts of pressing at each of
different cross-sectional positions causes the problem of the
long measurement time for generating elasticity image vol-
ume data. Also, at least two pieces of RF signal frame data
need to be stored for each cross-sectional position, which
causes the problem of the increase in the size of memory for
RF signal frame data.

[0009] Additionally, the operation of measuring two pieces
of RF signal frame data under different amounts of pressing
while manually changing the amount of pressing at a single
cross-sectional position needs to be repeatedly performed
while an ultrasonic probe is moved from one to another of a
plurality of cross-sectional positions. The magnitudes of the
amounts of pressing for two pieces of RF signal frame data
and the difference between the amounts of pressing are pref-
erably common among all cross-sectional positions. How-
ever, the process of manually operating an ultrasonic probe
such that a plurality of cross-sectional positions are equal in
the magnitudes of the amounts of pressing and the difference
between the amounts of pressing is extremely difficult in
practice, which is a problem.
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[0010] For example, if cross-sectional positions are differ-
ent in the magnitudes of the amounts of pressing and the
difference between the amounts of pressing, pieces of dis-
placement frame data in which displacements of a single
living tissue at the cross-sectional positions have various
values are measured. If elasticity images are constructed on
the basis of the pieces of displacement frame data to generate
volume data, and a three-dimensional elasticity image is con-
structed by volume rendering, pieces of elasticity information
of the single living tissue on the three-dimensional elasticity
image vary widely, and a sharp three-dimensional elasticity
image may not obtained.

[0011] The present invention has as an object to implement
elasticity image measurement which can shorten the time
required to measure elasticity images and in which the degree
of uniformity in the magnitudes of the amounts of pressing
and the difference between the amounts of pressing at the
time of elasticity image measurement is allowable. The
present invention has as an object to shorten the time required
to measure elasticity image volume data, in addition to the
object.

Solution to Problem

[0012] Inordertoachievethe above objects, afirst aspect of
an ultrasonic diagnostic apparatus according to the present
invention includes: an ultrasonic probe which transmits/re-
ceives ultrasonic waves to/from an object while being in
contact with the object; a transmission/reception unit which,
in a process in which pressing force applied to the object by
the ultrasonic probe is changed and a cross-sectional position
for transmitting/receiving ultrasonic waves to/from the object
is moved in a short axis direction, periodically transmits/
receives ultrasonic waves to/from the object, performs recep-
tion processing on a reflection echo signal from the object,
and measures RF signal frame data at the cross-sectional
position; a displacement measurement unit which, on the
basis of two pieces of RF signal frame data, between which a
difference in measurement time falls within a set range,
selected from among a plurality of pieces of RF signal frame
data sequentially measured by the transmission/reception
unit, obtains a displacement of a living tissue at the cross-
sectional position and sequentially generates displacement
frame data; an elasticity information calculation unit which,
on the basis of the displacement frame data sequentially gen-
erated by the displacement measurement unit, obtains elas-
ticity information of the living tissue at the cross-sectional
position and sequentially generates elasticity frame data; and
an elasticity image construction unit which, on the basis of the
elasticity frame data sequentially generated by the elasticity
information calculation unit, sequentially constructs elastic-
ity images.

[0013] That is, in a process in which the pressing force
applied to the object by the ultrasonic probe being in contact
with the object is changed and the cross-sectional position for
transmitting/receiving ultrasonic waves is moved in the short
axis direction, pieces of RF signal frame data at a plurality of
consecutive cross-sectional positions are sequentially mea-
sured, a displacement of the living tissue at each of the cross-
sectional positions is obtained on the basis of two of the
pieces of RF signal frame data, between which a difference in
measurement time falls within the set range, elasticity infor-
mation of the living tissue at each cross-sectional position is
obtained on the basis of displacement frame data, and elas-
ticity images are sequentially constructed.
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[0014] In other words, according to a conventional tech-
nique, a two-dimensional elasticity image is constructed by
measuring two pieces of RF signal frame data under different
amounts of pressing at each cross-sectional position and
obtaining a displacement of a living tissue at the cross-sec-
tional position (scan plane). A plurality of two-dimensional
elasticity images are acquired while a current scan plane is
sequentially shifted in a short axis direction, and elasticity
image volume data for a region corresponding to a desired
volume of an object is constructed. In contrast, a feature of the
present invention lies in measuring two pieces of RF signal
frame data under different amounts of pressing measured at
different cross-sectional positions and obtaining a displace-
ment of a living tissue at either one of the cross-sectional
positions or at an average position of the two cross-sectional
positions. As a result, according to the present invention, the
number of RF signal frame data measurements can be
reduced by at least one-half. This makes it possible to reduce
the time required to measure elasticity image volume data by
at least one-half. Also, a latest measured one of two pieces of
RF signal frame data need not be stored in a memory, which
allows a reduction in the size of the memory.

[0015] Note that, according to the present invention, two
pieces of RF signal frame data, between which a displace-
ment of a living tissue is to be obtained, are measured at
different cross-sectional positions, which makes the accuracy
of living tissue displacement data lower than that of a con-
ventional technique. However, since RF signal frame data is
periodically measured, changes in the amount of pressing and
cross-sectional position between pieces of RF signal frame
data are continuous. Additionally, since the period of mea-
surement of RF signal frame data is much shorter than the
time for a cross-sectional position to change, a plurality of
pieces of displacement frame data, for which the degree of
uniformity in the magnitudes of the amounts of pressing and
the difference between the amounts of pressing is allowable,
can be measured. As a result, a plurality of elasticity images,
for which the degree of uniformity in the magnitudes of the
amounts of pressing and the difference between the amounts
of pressing is allowable, can be constructed.

[0016] Especially since two pieces of RF signal frame data,
for which displacement frame data is to be obtained, are
selected from among pieces of RF signal frame data, between
which a difference in measurement time falls within the set
range, a positional shift of the living tissue caused by a dif-
ference in cross-sectional position can be reduced to be neg-
ligibly small. For example, cross-sectional positions in a short
axis direction of an ultrasonic probe are generally at intervals
of, e.g., 0.05 to 0.1 mm, although the interval depends on the
frame rate. Pieces of RF signal frame data are measured by
swinging or linearly moving the ultrasonic probe. On the
other hand, an ultrasonic beam diameter is about 1 mm.
Accordingly, adjoining or adjacent cross-sectional positions
mostly overlap with each other in living tissue, and a posi-
tional shift of the living tissue included in measured pieces of
RF signal frame data is almost negligible in spite of the
difference in cross-sectional position. In light of this, the set
range for a difference in measurement time is preferably set
such that diameters of ultrasonic reception beams of reflec-
tion echo signals at a plurality of the adjoining or adjacent
cross-sectional positions overlap with each other. If measure-
ment is performed while the ultrasonic probe is swung on a
circular arc with aradius of, e.g., 80 mm, the interval between
adjoining pieces of RF signal frame data to be measured
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widens according to depth. It is thus preferable to correct the
interval in displacement calculation. However, even without
correction, an error is negligibly small.

[0017] Note thata positional difference between two pieces
of RF signal frame data at adjoining or adjacent cross-sec-
tional positions is small and that the amount of pressing
preferably changes at a constant rate of change between the
two pieces of RF signal frame data. However, the rate of
change in the amount of pressing between frames may not
actually be constant. This case can be dealt with normaliza-
tion of an elasticity image with an average value of elasticity
information (e.g., a strain). Pressing force may be mechani-
cally applied. Since manually applied pressing force can be
appropriately adjusted, manual application is advantageous
in ease of measurement and ease of use for, e.g., mass screen-
ing.

[0018] Also, a second aspect of the ultrasonic diagnostic
apparatus according to the present invention includes, in addi-
tion to the first aspect, a volume data generating unit which
sequentially registers the elastic images constructed by the
elasticity image construction unit in a memory together with
respective pieces of positional information of the cross-sec-
tional position and a three-dimensional elasticity image con-
struction unit which constructs a three-dimensional elasticity
image by rendering on the basis of volume data of the elas-
ticity images registered in the volume data generating unit
and displays the three-dimensional elasticity image on a
monitor screen.

[0019] According to the second aspect, in addition to the
capability to reduce the time required to measure volume data
of elasticity images by at least one-half, a three-dimensional
elasticity image can be constructed and displayed. Accord-
ingly, the shape and volume ofa hard part or a soft part present
in aliving tissue can be intuitively recognized. Also, visibility
can be further improved by displaying a three-dimensional
elasticity image to be superimposed on, e.g., a three-dimen-
sional tomographic image.

[0020] The first aspect of the present invention can further
include a swing device including a swing mechanism which
swings the ultrasonic probe in the short axis direction, a motor
which swings and drives the ultrasonic probe via the swing
mechanism, and a motor control unit which senses a swing
angle of the ultrasonic probe from a rotational position of the
motor and controls a rotational speed of the motor. In this
case, the first aspect includes a volume data generating unit
which sequentially registers the elastic images constructed by
the elasticity image construction unit in a memory in asso-
ciation with respective swing angles of the ultrasonic probe
and a three-dimensional elasticity image construction unit
which constructs a three-dimensional elasticity image by ren-
dering on the basis of volume data of the elasticity images
registered in the volume data generating unit and displays the
three-dimensional elasticity image on a monitor screen.
[0021] According to this configuration, the ultrasonic
probe is swung by the motor, and swing operation can be
stabilized. Since a tester only needs to watch for a change in
the amount of pressing, the tester can easily generate elastic-
ity image volume data. Also, the present invention can be
implemented only by making a simple change to a general
ultrasonic diagnostic apparatus capable of measuring an elas-
ticity image.

[0022] If three or more pieces of RF signal frame data are
measured within the set range for the difference in measure-
ment time, the displacement measurement unit can obtain a
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correlation of a latest one of the pieces of RF signal frame data
with each of the other pieces of RF signal frame data mea-
sured within the set range and obtain the displacement frame
data between the two pieces of RF signal frame data with a
highest correlation.

[0023] Inthe first or second aspect of the present invention,
the transmission/reception unit can be adapted to transmit
preset ultrasonic waves for elasticity image acquisition and
preset ultrasonic waves for tomographic image acquisition as
a set to a plurality ofthe consecutive cross-sectional positions
and the one subsequent cross-sectional position, respectively,
a period of transmission of ultrasonic waves for elasticity
image acquisition being set to a period that causes diameters
of ultrasonic reception beams of sequentially received reflec-
tion echo signals to overlap with each other. In this case, the
first aspect or second aspect can further include a tomo-
graphic image construction unit which constructs a tomo-
graphic image on the basis of RF signal frame data measured
by the transmission/reception unit in response to the ultra-
sonic waves for tomographic image acquisition. According to
this configuration, patterns (e.g., frequency, pulse pattern,
and intensity) of ultrasonic waves suitable for elasticity image
acquisition and for tomographic image acquisition can be
used. The image quality of an elasticity image, that of a
tomographic image, and the like can be improved.

[0024] The motor control unit can control speed of the
motor in a pattern with a swing speed decreasing from a
center of a swing range of the ultrasonic probe toward two
ends. According to this configuration, a distance between
adjoining frames is larger at the two ends of the swing range,
and a deviation of an angle of an ultrasonic beam with respect
to apressing direction increases, which reduces the resolution
of an elasticity image. However, a lower swing speed allows
an increase in resolution.

[0025] The motor control unit can control the swing speed
of the ultrasonic probe according to a depth for one of a
plurality of depth sections into which a range in a depth
direction is divided, and the elasticity image construction unit
can construct an elasticity image on the basis of the RF signal
frame data measured for each depth section.

[0026] The motor control unit can control the swing speed
of'the ultrasonic probe according to depth of a part of interest
desired to be observed in the three-dimensional elasticity
image. With this configuration, since a distance between
frames is small when the depth of the part of interest is
shallow, resolution is maintained by increasing the swing
speed. Conversely, since a distance between frames is larger
and the resolution is lower when the depth is deep, the reso-
lution is maintained by reducing the swing speed.

[0027] The motor control unit can periodically control the
swing speed of the ultrasonic probe to increase and decrease,
and the elasticity image construction unit can construct the
elasticity image on the basis of the RF signal frame data
measured in a swing section where the swing speed is low.
That is, thinning of elasticity images to be constructed allows
a reduction in rendering load and speedup. Also, an increase
in the density of elasticity images in the section where the
swing speed is low makes it possible to inhibit the image
quality of an elasticity image from being degraded due to the
thinning.

[0028] The elasticity volume data generating unit can
merge a plurality of elasticity images sequentially con-
structed by the elasticity image construction unit into one
elasticity image and sequentially register the elasticity image
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after the merging in the memory in association with an aver-
age swing angle of a plurality of cross-sectional positions
corresponding to the plurality of elasticity images. According
to this configuration, since a plurality of two-dimensional
elasticity images can be converted into one two-dimensional
elasticity image, i.e., can be averaged, artifacts can be
reduced, and volume data can be reduced, which allows
speedup of rendering.

[0029] The motor control unit can periodically control the
swing speed of the ultrasonic probe to increase and decrease,
the elasticity image construction unit can construct the elas-
ticity image on the basis of the RF signal frame data measured
in a swing section where the swing speed is low, and the
volume data generating unit can merge a plurality of elasticity
images sequentially constructed by the elasticity image con-
struction unit into one elasticity image and sequentially reg-
ister the elasticity image after the merging in the memory in
association with an average swing angle of a plurality of
cross-sectional positions corresponding to the plurality of
elasticity images. According to this configuration, since elas-
ticity images to be constructed are thinned out, the image
quality of an elasticity image is inhibited from being degraded
by increasing the density of elasticity images in the section
where the swing speed is low. Also, thinning of elasticity
images to constitute volume data allows a reduction in ren-
dering load and speedup.

[0030] Also, the motor control unit can control the swing
speed of the ultrasonic probe to be low in a specific swing
section corresponding to a plurality of cross-sectional posi-
tions including the part of interest desired to be observed in
the three-dimensional elasticity image and control the swing
speed to be high outside the specific swing section. According
to this configuration, rendering processing can be speeded up
by reducing the swing speed in a frame acquisition section for
rendering and increasing the swing speed in other sections.
[0031] The motor control unit can perform control accord-
ing to the variably set swing speed of the ultrasonic probe in
the specific swing section corresponding to the plurality of
cross-sectional positions including the part of interest desired
to be observed in the three-dimensional elasticity image.
[0032] Additionally, the motor control unit can control the
swing speed to be low in the specific swing section corre-
sponding to the plurality of cross-sectional positions includ-
ing the part of interest desired to be observed in the three-
dimensional elasticity image, and the volume data generating
unit can convert the plurality of elasticity images sequentially
constructed by the elasticity image construction unit into one
elasticity image and sequentially register the elasticity image
in a memory in association with an average swing angle of a
plurality of cross-sectional positions corresponding to the
plurality of elasticity images.

[0033] The elasticity information calculation unit can
include a part-of-interest detection unit which detects on the
basis of the elasticity frame data and in light of a preset
condition whether a part of interest desired to be observed in
the three-dimensional elasticity image is included, and the
motor control unit can control swing speed of the ultrasonic
probe to be low in response to a signal indicating detection of
the part of interest output from the part-of-interest detection
unit and control the swing speed of the ultrasonic probe to be
high when the signal indicating detection of the part of inter-
est is not output from the part-of-interest detection unit. Alter-
natively, an input setting unit which inputs and sets a part of
interest desired to be observed in the three-dimensional elas-
ticity image can be included, the motor control unit can con-
trol the swing speed of the ultrasonic probe to be low in the
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part of interest input from the input setting unit and control the
swing speed of the ultrasonic probe to be high outside the part
ofinterest. According to these configurations, it is possible to
detect or set a section where a part of interest is to be imaged,
reduce the swing speed in a part of interest, and increase the
swing speed outside the part of interest. This allows an
increase in immediacy.

[0034] A tomographic image construction unit which con-
structs a tomographic image on the basis of the RF signal
frame data s further included, the transmission/reception unit
performs transmission/reception of ultrasonic waves for mea-
suring the RF signal frame data at a plurality of the cross-
sectional positions a plurality of times, the tomographic
image construction unit includes a part-of-interest detection
unit which detects a part of interest meeting a preset condition
as a part to be observed in the three-dimensional elasticity
image on the basis of the tomographic image obtained by
initial measurement of the RF signal frame data, the motor
control unit switches swing speed of the ultrasonic probe at a
plurality of cross-sectional positions including the part of
interest to a low speed at the time of measurement of the RF
signal frame data after the part-of-interest detection unit
detects the part of interest, and the elasticity image construc-
tion unit can construct the elasticity images on the basis of the
RF signal frame data measured at the plurality of cross-
sectional positions including the part of interest within a
swing range of the ultrasonic probe. According to this con-
figuration, the time required to generate elasticity image vol-
ume data can be shortened, the size of memory for volume
data can be reduced, and a high-definition three-dimensional
elasticity image can be constructed.

[0035] Anelasticity image display method according to the
present invention can include: a first step of, in a process in
which pressing force applied to an object by an ultrasonic
probe is changed and a cross-sectional position for transmis-
sion/reception of ultrasonic waves is moved in a short axis
direction, periodically transmitting/receiving ultrasonic
waves to/from the object and capturing a measured reflection
echo signal by the ultrasonic probe; a second step of perform-
ing reception processing on the reflection echo signal cap-
tured in the first step and periodically measuring RF signal
frame data; a third step of, on the basis of two pieces of RF
signal frame data, between which a difference in measure-
ment time falls within a set range, selected from among a
plurality of pieces of RF signal frame data periodically mea-
sured in the second step, obtaining displacements of a living
tissue at a plurality of the cross-sectional positions and
sequentially generating pieces of displacement frame data; a
fourth step of, on the basis of a plurality of the pieces of the
displacement frame data obtained in the third step, calculat-
ing elasticity information of the living tissue at the plurality of
cross-sectional positions and sequentially generating elastic-
ity frame data; and a fifth step of, on the basis of the elasticity
frame data sequentially generated in the fourth step, sequen-
tially constructing elasticity images.

[0036] In this case, the method can include: a sixth step of
sequentially registering the elasticity images sequentially
generated in the fifth step in a memory together with respec-
tive pieces of positional information of the corresponding
cross-sectional positions to generate volume data of the elas-
ticity images; and a seventh step of constructing a three-
dimensional elasticity image by rendering using the volume
data generated in the sixth step and displaying the three-
dimensional elasticity image on a monitor screen.
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[0037] In this case, the first step is performed by a swing
device including a swing mechanism which swings the ultra-
sonic probe in the short axis direction, a motor which swings
and drives the ultrasonic probe via the swing mechanism, and
a motor control unit which senses a swing angle of the ultra-
sonic probe from a rotational position of the motor and con-
trols a rotational speed of the motor, the sixth step can include
sequentially registering the constructed elasticity images in
the memory in association with respective swing angles of the
ultrasonic probe to generate volume data, and the seventh step
can include constructing a three-dimensional elasticity image
by rendering on the basis of the volume data of the registered
elasticity images and displaying the three-dimensional elas-
ticity image on the monitor screen.

[0038] Further, in this case, the method includes a ninth
step of constructing a tomographic image on the basis of the
RF signal frame data. In the first step, transmission/reception
ofultrasonic waves for measuring the RF signal frame data at
a plurality of the cross-sectional positions is performed a
plurality of times. The fifth step includes an eighth step of, on
the basis of the tomographic image obtained by initial mea-
surement of the RF signal frame data, detecting a part of
interest meeting a preset condition as a part to be observed in
the three-dimensional elasticity image. The motor control
unit can switch swing speed of the ultrasonic probe at a
plurality of cross-sectional positions including the part of
interest to a low speed at the time of measurement of the RF
signal frame data in the first step after the part of interest is
detected in the eighth step and construct the elasticity image
on the basis of the RF signal frame data measured at the
plurality of cross-sectional positions including the part of
interest within a swing range of the ultrasonic probe in the
fifth step.

Advantageous Effect of Invention

[0039] According to the present invention, elasticity image
measurement which can shorten the time required to measure
elasticity images and in which the degree of uniformity in the
magnitudes of the amounts of pressing and the difference
between the amounts of pressing at the time of elasticity
image measurement is allowable can be implemented. This
makes it possible to shorten the time required to measure
elasticity image volume data.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIG. 1 is a block configuration diagram of an
embodiment of an ultrasonic diagnostic apparatus to which a
method for acquiring an elasticity image according to the
present invention.

[0041] FIG. 2 are figures of an example of a swing device
for an ultrasonic probe which is used in elasticity image
measurement according to the present invention.

[0042] FIG. 3 are views for explaining elasticity image
measurement according to a first embodiment of the present
invention.

[0043] FIG. 4 are views for explaining a method for
mechanically swinging an ultrasonic probe in a short axis
direction while manually changing the degree of pressing
using a swing device for an ultrasonic probe to measure a
plurality of elasticity images and displaying a three-dimen-
sional elasticity image by a rendering method using volume
data composed of the plurality of elasticity images.
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[0044] FIG. 5 are views for explaining elasticity image
measurement according to a second embodiment of the
present invention.

[0045] FIG. 6 are figures for explaining elasticity image
measurement according to a third embodiment of the present
invention.

[0046] FIG. 7 are figures for explaining elasticity image
measurement according to a fourth embodiment of the
present invention.

[0047] FIG. 8 are figures for explaining elasticity image
measurement according to a fifth embodiment of the present
invention.

[0048] FIG. 9 is a view for explaining elasticity image
measurement according to a sixth embodiment of the present
invention.

[0049] FIG. 10 are figures for explaining elasticity image
measurement according to a seventh embodiment of the
present invention.

[0050] FIG. 11 are figures for explaining elasticity image
measurement according to an eighth embodiment of the
present invention.

[0051] FIG. 12 are views for explaining elasticity image
measurement according to a ninth embodiment of the present
invention.

[0052] FIG. 13 are figures for explaining elasticity image
measurement according to a tenth embodiment of the present
invention.

DESCRIPTION OF EMBODIMENTS

[0053] FIG. 1 is a block configuration diagram of an
embodiment of an ultrasonic diagnostic apparatus to which
elasticity image measurement according to the present inven-
tion is applied. As shown in FIG. 1, the ultrasonic diagnostic
apparatus includes an ultrasonic probe 2 which is used in
contact with an object 1, a transmission unit 3 which periodi-
cally and repeatedly transmits ultrasonic waves to the object
1 via the ultrasonic probe 2 at time intervals, a reception unit
4 which receives time-series reflection echo signals originat-
ing in the object 1, a transmission/reception control unit 5
which performs control to switch between transmission by
the transmission unit 3 and reception by the reception unit 4,
and a phasing addition unit 6 which phases and adds reflection
echo signals received by the reception unit 4. The transmis-
sion unit 3, reception unit 4, transmission/reception control
unit 5, and phasing addition unit 6 constitute a transmission/
reception unit.

[0054] The ultrasonic probe 2 is formed such that a plural-
ity of transducers are arranged in a straight line or in convex
form and has the function of transmitting/receiving ultrasonic
waves to a cross-sectional position of the object 1 via the
transducers. The ultrasonic probe 2 is assembled to a swing
device 46 provided with, for example, a swing mechanism of
the guide rail type shown in FIG. 2(a) or the gear swing type
shown in FIG. 2() and is configured as a mechanical 3D
probe. However, the mechanical 3D probe is not limited to the
types. In short, the mechanical 3D probe may be of any type
as long as the mechanical 3D probe includes the swing device
46 capable of swinging an ultrasonic wave transmission/re-
ception surface of the ultrasonic probe 2 in a short axis direc-
tion, i.e., in a direction orthogonal to a long axis direction in
which the plurality of transducers are arranged.

[0055] For example, the swing device 46 provided with a
swing mechanism of the guide rail type includes an arcuate
guide rail 46a which guides the ultrasonic probe 2 so as to
swing in the short axis direction, a motor 465 which drives to
swing the ultrasonic probe 2 along the guide rail 464, and a
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motor control unit 46¢ which senses a swing angle of the
ultrasonic probe 2 with respect to the position shown in FIG.
2(a) on the basis of the rotation angle position of the motor
464 and controls the rotational speed of the motor 465. In
contrast, the swing device 46 provided with a swing mecha-
nism of the gear swing type includes a gear 464 which sup-
ports a holding portion of the ultrasonic probe 2 so as to be
swingable, the motor 465 that rotates a gear 46e engaging
with the gear 464, and the motor control unit 46¢ that senses
a swing of the ultrasonic probe 2 on the basis of the rotation
angle position of the motor 465 and controls the rotational
speed of the motor 465. With the above-described configura-
tion, the motor control unit 46¢ drives to control the rotation
angle of the motor 465. This allows the ultrasonic probe 2 to
swing along the guide rail 46a or about an axis of the gear 464.
[0056] The motor control unit 46¢ is also adapted to detect
a swing sensed by the ultrasonic probe 2 as a frame number on
the basis of the rotational position of the motor 465 and the
like at the same time as transmission/reception of ultrasonic
waves by the transmission/reception unit.

[0057] The ultrasonic probe 2 is adapted to scan and trans-
mit an ultrasonic beam to a cross-sectional position (scan
plane) and receive a reflection echo signal from the object 1
by the transmission/reception unit while being mechanically
swung by the motor 464 in the direction (short axis direction)
orthogonal to the direction (long axis direction), in which the
plurality of transducers are arranged. Note that the ultrasonic
probe 2 is not limited to this. The ultrasonic probe 2 can be
formed such that a plurality of transducers are arranged in two
dimensions and can be adapted to have the function of elec-
tronically scanning the plurality of transducers in the short
axis direction of the ultrasonic probe 2 by the transmission/
reception unit. In this case, movement in the short axis direc-
tion at a cross-sectional position can be implemented by a
swing at the time of electronic scanning by the transmission/
reception unit.

[0058] The transmission unit 3 generates a wave transmis-
sion pulse for driving the transducers of the ultrasonic probe
2 and causing the transducers to generate ultrasonic waves.
The transmission unit 3 has the function of setting a conver-
gent point of transmitted ultrasonic waves to some depth. The
reception unit 4 amplifies a reflection echo signal received by
the ultrasonic probe 2 with a predetermined gain and gener-
ates an RF signal, i.e., a reception signal. The transmission/
reception control unit 5 is intended to control the transmission
unit 3 and the reception unit 4. The phasing addition unit 6
receives an RF signal amplified by the reception unit 4 and
subjects the RF signal to phase control. The phasing addition
unit 6 forms an ultrasonic reception beam for one or more
convergent points, and generates RF signal frame data that is
tomographic image data.

[0059] A tomographic image construction unit 7 receives
RF signal frame data output from the phasing addition unit 6,
subjects the RF signal frame data to signal processing such as
gain correction, log compression, wave detection, edge
enhancement, and filter processing, and constructs a tomo-
graphic image. Note that although not shown, the ultrasonic
diagnostic apparatus includes a monochrome scan converter
which performs coordinate system conversion on a tomo-
graphic image synchronous with ultrasonic scanning output
from the tomographic image construction unit 7 to obtain
coordinates displayable by the scanning system of an image
display 13. A tomographic image output from the mono-
chrome scan converter is stored in a two-dimensional tomo-
graphic image storage unit 9 together with a frame number.

Jun. 21, 2012

[0060] A tomographic volume data generating unit 36
reads out tomographic images for n frames stored in the
two-dimensional tomographic image storage unit 9, arranges
the tomographic images in the order of cross-sectional posi-
tions (scan planes), and creates tomographic volume data. In
the above-described manner, tomographic volume data for
rendering that is a collection of tomographic images of the
interior of an object is generated.

[0061] A tomographic volume rendering unit 38 reads out
tomographic volume data from the tomographic volume data
generating unit 36 and constructs, as a monochrome three-
dimensional tomographic image, a two-dimensional projec-
tion tomographic image obtained by projecting the tomo-
graphic volume data onto, e.g., a plane. More specifically, the
tomographic volume rendering unit 38 obtains image infor-
mation of each of points (coordinates) of the tomographic
volume data from a brightness value and opacity correspond-
ing to the point. The tomographic volume rendering unit 38
constructs the three-dimensional tomographic image by a
volume rendering method that calculates a brightness value
and opacity in a depth direction from a brightness value and
opacity of the tomographic volume data in a view direction to
produce light and shade according to, for example, the
expression below.

aouti=aini+(1-aini)* oy,
Couti=Cini+(1-aini)* i *Ci (Expression 1)

where aouti is the i-th output opacity,

[0062] «ni is the i-th input opacity,

[0063] «i is the i-th opacity,

[0064] Couti is the i-th output brightness value,

[0065] Cini is the i-th input brightness value, and

[0066] Ci is the i-th brightness value.

[0067] Note that although a three-dimensional tomo-

graphic image is constructed using the volume rendering
method in the above description, a surface rendering method
that produces light and shade according to a tilt angle which
an image at each point forms with a plane corresponding to an
eye position or a voxel method that produces light and shade
according to the depth of an object as seen from an eye
position may be used.

[0068] A switching synthesis unit 12 is adapted to display a
three-dimensional tomographic image constructed by the
tomographic volume rendering unit 38 on the image display
13. The switching synthesis unit 12 is also adapted to merge
the three-dimensional tomographic image with a color three-
dimensional elasticity image (to be described later), display
images in parallel, and switch between the two. Accordingly,
the image display 13 is adapted such that a three-dimensional
tomographic image, a color three-dimensional elasticity
image, and a composite image of the three-dimensional tomo-
graphic image and the color three-dimensional elasticity
image are displayed.

[0069] On theotherhand, RF signal frame data periodically
output from the phasing addition unit 6 is input to an RF
signal frame data selection unit 28, and pieces of RF signal
frame data are sequentially stored. The RF signal frame data
selection unit 28 is adapted to select a stored piece of RF
signal frame data and an input latest piece of RF signal frame
data as one pair. The two pieces of RF signal frame data
selected by the RF signal frame data selection unit 28 are two
pieces of RF signal frame data, between which a difference in
measurement time falls within a set range, of a plurality of
periodically measured pieces of RF signal frame data. The set
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range for a difference in measurement time between two
pieces of RF signal frame data to be selected can be set to a
difference in measurement time that causes the diameters of
ultrasonic reception beams of reflection echo signals at a
plurality of cross-sectional positions (scan planes) to overlap
with each other. Alternatively, the set range for a difference in
measurement time between two pieces of RF signal frame
data to be selected can be set to a difference in measurement
time that causes the diameters of ultrasonic reception beams
of reflection echo signals at adjoining cross-sectional posi-
tions to overlap with each other.

[0070] A displacement measurement unit 30 obtains a dis-
placement of a living tissue at a scan plane on the basis of two
pieces of RF signal frame data selected by the RF signal frame
data selection unit 28, sequentially generates pieces of dis-
placement frame data, and outputs the pieces of displacement
frame data to an elasticity information calculation unit 32.
That is, the displacement measurement unit 30 performs one-
dimensional or two-dimensional correlation processing and
obtains displacement frame data that is a one-dimensional or
two-dimensional displacement distribution regarding a dis-
placement and a motion vector (i.e., the direction and mag-
nitude of the displacement) in a living tissue corresponding to
each point (e.g., a pixel) on an image of the RF signal frame
data from a selected piece of RF signal frame data with a
frame number of “N.” For example, a block matching method
is used to detect a motion vector. The block matching method
includes dividing an image into blocks of, e.g., MxM pixels,
focusing on a block in a region of interest, searching for a
block most similar to the block of interest in a previous frame,
and performing prediction coding, i.e., the process of deter-
mining a sample value on the basis of a difference while
referring to the block.

[0071] The elasticity information calculation unit 32 is
adapted to obtain elasticity information such as a displace-
ment or the elastic-modulus of a living tissue at a scan plane
on the basis of each of sequentially input pieces of displace-
ment frame data to sequentially generate pieces of elasticity
frame data and output the pieces of elasticity frame data to an
elasticity image construction unit 34. More specifically, the
elasticity information calculation unit 32 calculates a strain of
a living tissue at each pixel (coordinates) on an image as a
piece of elasticity information on the basis of each piece of
displacement frame data (e.g., motion vector data of a pixel)
output from the displacement measurement unit 30. At this
time, the strain is calculated by spatial differentiation of
movement (e.g., a displacement) of the living tissue.

[0072] Ifthe elasticity information calculation unit 32 cal-
culates an elastic-modulus, a pressure applied to a living
tissue of each part of a scan plane measured by a pressure
measurement unit 27 which is connected to a pressure sensor
(not shown) of the ultrasonic probe 2 is output to the elasticity
information calculation unit 32. An elastic-modulus is calcu-
lated by dividing a change in pressure by a change in strain.
For example, let L(X) be a displacement of each part of a
living tissue measured by the displacement measurement unit
30. Since a strain AS(X) at the point can be calculated by
spatial differentiation of L(X), the strain AS(X) can be
obtained using the equation AS(X)=AL(X)/AX.

[0073] Letting P(X) be a pressure measured by the pressure
measurement unit 27, a Young’s modulus Ym(X) of elasticity
can be calculated by the equation Ym=(AP(X))/AS(X). Since
the elastic-modulus of a living tissue corresponding to each
point can be obtained from the Young’s modulus Ym, two-
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dimensional elasticity images can be consecutively obtained.
Note that Young’s modulus is the ratio of a simple tensile
stress applied to an object to a strain occurring parallel to the
tension.

[0074] The elasticity image construction unit 34 sequen-
tially constructs pieces of elasticity image data on the basis of
sequentially input pieces of elasticity frame data. More spe-
cifically, the elasticity image construction unit 34 subjects
each calculated piece of elasticity information (e.g., a strain
or an elastic-modulus) to various image processes such as
smoothing processing between frames in a coordinate plane,
contrast optimization processing, and smoothing processing
between frames in a direction of time axis and constructs
two-dimensional elasticity image data. Note that although not
shown, an elasticity scan converter which performs coordi-
nate system conversion on two-dimensional elasticity image
data synchronous with ultrasonic scanning output from the
elasticity image construction unit 34 to obtain coordinates
displayable by the scanning system of the image display 13 is
provided. Two-dimensional elasticity image data output from
the elasticity scan converter is stored in a two-dimensional
elasticity image storage unit 39 together with a frame number
of “N”

[0075] A plurality of pieces of two-dimensional elasticity
image data stored in the two-dimensional elasticity image
storage unit 39 are read out by an elasticity volume data
generating unit 40. The elasticity volume data generating unit
40 creates elasticity volume data of the elasticity images.
More specifically, the elasticity volume data generating unit
40 reads out pieces of two-dimensional elasticity image data
with a series of frame numbers of “1” to “n” stored in the
two-dimensional elasticity image storage unit 39, arranges
the pieces of two-dimensional elasticity image data in the
order of scan planes, and creates elasticity volume data. In the
above-described manner, elasticity volume data for rendering
that is a collection of pieces of two-dimensional elasticity
image data of the interior of an object is constructed.

[0076] Elasticity volume data created by the elasticity vol-
ume data generating unit 40 is appropriately read out by an
elasticity volume rendering unit 42, and a color three-dimen-
sional elasticity image is constructed. The constructed color
three-dimensional elasticity image is displayed on the image
display 13 via the switching synthesis unit 12. More specifi-
cally, the elasticity volume rendering unit 42 obtains the
image information of each point of an image of elasticity
volume data from elasticity information (either one of a
strain, an elastic-modulus, and the like) and opacity corre-
sponding to the point and constructs a three-dimensional
elasticity image. For example, the elasticity volume rendering
unit 42 constructs a three-dimensional elasticity image by,
e.g., the volume rendering method that calculates elasticity in
a depth direction from elasticity of elasticity volume datain a
view direction according to Expression 2 below. Note that the
view direction is the same direction as the view direction in
volume rendering processing by the tomographic volume
rendering unit 38 and the like.

aouti=auini+(1-aini)* o,
Fouti=Eini+ou*(1-aini)*Ei

(Expression 2)

where aouti is the i-th output opacity,

[0077] «uni is the i-th input opacity,

[0078] «i is the i-th opacity,

[0079] Eouti is the i-th output elasticity value,
[0080] Eini is the i-th input elasticity value, and
[0081] Ei is the i-th elasticity value.
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[0082] The elasticity volume rendering unit 42 also gives
light’s three primary colors, i.e., a red (R) value, a green (G)
value, and a blue (B) value to each of pieces of image infor-
mation constituting a three-dimensional elasticity image. For
example, the elasticity volume rendering unit 42 gives a red
code to a part with a larger strain than its surroundings or a
part with a lower elastic-modulus, gives a blue code to a part
with a smaller strain than its surroundings or a part with a
higher elastic-modulus, and performs other processes.
[0083] The detailed configuration of the switching synthe-
sis unit 12 will now be described. The switching synthesis
unit 12 includes an image memory, an image processing unit,
and an image selection unit. The image memory stores a
monochrome three-dimensional tomographic image output
from the tomographic volume rendering unit 38 and a color
three-dimensional elasticity image output from the elasticity
volume rendering unit 42 together with time information. The
image processing unit changes the synthesis ratio of mono-
chrome three-dimensional tomographic image data and color
three-dimensional elasticity image data stored in the image
memory and superimposes the pieces of image data in the
changed synthesis ratio. The image processing unit reads out
three-dimensional tomographic image data and color three-
dimensional elasticity image data at the same eye position
from the image memory.

[0084] Since three-dimensional tomographic image data
and color three-dimensional tomographic image data are
pieces of image data having undergone volume rendering
processing and the like, the image processing unit substan-
tially two-dimensionally adds the three-dimensional tomo-
graphic image data and color three-dimensional elasticity
image data when merging the pieces of image data. More
specifically, the image processing unit adds a red (R) value, a
green (G) value, and a blue (B) value of a piece of color
three-dimensional elasticity image data and a red (R) value, a
green (G) value, and a blue (B) value, respectively, of a piece
of three-dimensional tomographic image data at each point
on an image, as given by, e.g., Expressions 3 below. Note that
the symbol a is a coefficient not less than 0 and not more than
1 and is arbitrarily set by an interface unit 43.

(Composite Image Data R) = (Expressions 3)
@ X (Color Three- Dimensional
Elasticity Image Data R) + (1 — @)%
(Three-Dimensional Tomographic Image Data R)
(Composite Image Data G) =
a X (Color Three- Dimensional
Elasticity Image Data G) + (1 —a) X
(Three-Dimensional Tomographic Image Data G)
(Composite Image Data B) =
a % (Color Three- Dimensional
Elasticity Image Data B) + (1 — @) X

(Three-Dimensional Tomographic Image Data B)

[0085] For example, only three-dimensional tomographic
image data or color three-dimensional elasticity image data
can also be extracted by setting the coefficienta to O or 1. The
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image selection unit selects an image (images) to be dis-
played on the image display 13 from among three-dimen-
sional tomographic image data and color three-dimensional
elasticity image data in the volume memory and composite
image data of the image processing unit. The image display
13 displays a composite image formed by the switching syn-
thesis unit 12 and a three-dimensional tomographic image or
a color three-dimensional elasticity image in parallel.

[0086] As described above, according to the present
embodiment, a three-dimensional elasticity image indicating
the hardness or softness of a living tissue of an object can be
constructed and displayed.

[0087] The ultrasonic diagnostic apparatus also includes an
image system control unit 44 which controls each component
and the interface unit 43 that supplies various inputs to the
image system control unit 44. The interface unit 43 includes
a keyboard and a trackball.

[0088] The procedure for measuring two-dimensional elas-
ticity images from which elasticity image volume data that is
a feature of the present invention is constructed will be
described below with reference to first to tenth embodiments.
The each embodiment to be described below has in common
the points below, and a corresponding description may be
appropriately omitted. (1) Pressing ofthe object 1 is manually
performed with the ultrasonic probe 2 in contact with the
object 1.

[0089] However, the present invention is not limited to this.
Mechanical pressing or pressing with a liquid balloon can be
used instead. Also, pressing is performed to a degree that the
object 1 is deformed by, e.g., up to about 20 mm. Further, itis
preferable that the object 1 is deformed by up to about 20 mm
during one swing period. (2) Ultrasonic waves are transmit-
ted/received while the ultrasonic probe 2 of the mechanical
3D probe is swung along a curved surface (arcuate surface)
set in the short axis direction. Tomographic images are con-
secutively acquired. The ultrasonic probe 2 may be swung to
one side or may be swung from side to side within a prede-
termined angle range (e.g., 30°). Note that the ultrasonic
probe 2 may be manually swung in the short axis direction
without the mechanical 3D probe. Movement of the ultra-
sonic probe 2 in the short axis direction is not limited to a
swing, and the ultrasonic probe 2 can be linearly moved while
being slid on the surface of the body of the object 1. (3) The
period of transmission/reception of ultrasonic waves from/to
the ultrasonic probe 2 is fixed, and the period of measurement
of RF signal frame data (the frame rate) is fixed.

First Embodiment

[0090] A processing procedure according to the first
embodiment of elasticity image measurement will be
described with reference to FIG. 3. FIG. 3(a) shows the pro-
cess of measuring pieces 201 of tomographic image data with
frame numbers of Fr.0 to Fr.n while mechanically swinging
an ultrasonic probe 2 in a short axis direction using a
mechanical 3D probe in FIG. 2 and moving a scan plane for
transmitting/receiving ultrasonic waves in a direction of to
sequentially change a swing angle (swinging the scan plane).
FIG. 3(b) shows three-dimensional acquisition of two-dimen-
sional tomographic image data, i.e., the process of three-
dimensionally acquiring tomographic image data while
regarding a direction of a plurality of frames of two-dimen-
sional tomographic image data as one line. It is generally
desirable to perform correlation calculation on a single scan
plane, i.e., at a single frame position to calculate a displace-
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ment when constructing an elasticity image. However, detec-
tion of a displacement using adjoining or adjacent pieces of
ultrasonic tomographic image data with different frame num-
bers is a feature of the present embodiment. For example, the
interval between adjoining frames is represented by the sym-
bol A¢ using the letter ¢ denoting the swing angle of the
ultrasonic probe 2.

[0091] In the present embodiment, the frame numbers of
Fr.0 to Fr.n of pieces of tomographic image data obtained at
the adjoining frame intervals A4 associate swing angles (tilts)
¢ of a plurality of transducers with pieces of tomographic
image data, as shown in FIG. 3(a). A first frame number in
scanning in a direction A is set to “1” and that a last frame
number is set to “n.”” A piece of tomographic image data with
a frame number of “1” is first stored in a two-dimensional
tomographic image storage unit 9, and a piece of tomographic
image data with a frame number of “2” is then stored in the
two-dimensional tomographic image storage unit 9. Finally, a
piece of tomographic image data with a frame number of “n”
is stored in the two-dimensional tomographic image storage
unit 9. Also, a first frame number in scanning in a direction B
is set to “n” and that a last frame number is set to “1.” Pieces
of tomographic image data are stored in the two-dimensional
tomographic image storage unit 9.

[0092] In the meantime, a displacement measurement unit
30, an elasticity information calculation unit 32, and an elas-
ticity image construction unit 34 construct elasticity images
202 with frame number of Fn.0 to Fn.n-1 on the basis the
pieces 201 of tomographic image data with the frame num-
bers of Fr.0 to Fr.n obtained at the adjoining frame intervals
A¢. The elasticity images 202 with the frame numbers of Fn.0
to Fn.n-1 are stored in a two-dimensional elasticity image
storage unit 39 and are converted into volume data by an
elasticity volume data generating unit 40. Since coordinates
of each elasticity image 202 of the volume data are in a polar
coordinate system using the swing angle ¢, the coordinates
are converted into X, Y, and Z coordinates by a three-dimen-
sional elasticity scan conversion unit 41. A three-dimensional
elasticity image is generated as a projection. image by, e.g.,
surface rendering, the MIP (Max. Impressive) method, or the
mIP (minimum Impressive) method in an elasticity three-
dimensional rendering unit 42.

[0093] FIG. 4 illustrate an example in which a phantom
three-dimensional elasticity image is constructed using elas-
ticity image measurement according to the present invention.
FIG. 4(a) shows how elasticity volume data of a lesioned part
100 is measured by a measurement method according to the
first embodiment. The frame interval A¢ for RF signal frame
data is about 0.1 mm. In a process in which a deformation of
up to about 20 mm (a maximum deformation amount) is
caused in an object 1, a plurality of pieces of RF signal frame
data were measured during one swing period. As shown in
FIG. 4(b), a rendering image of a surface three-dimensional
elasticity image as seen from the left front in FIG. 4(a) can be
displayed by rendering processing based on elasticity volume
data obtained from the plurality of pieces of RF signal frame
data.

[0094] More specifically, according to the first embodi-
ment, a cross-sectional position is varied while pressing force
applied to the surface of the body of the object 1 by the
ultrasonic probe 2 of the mechanical 3D probe being in con-
tact with the surface is increased or reduced and the ultrasonic
probe 2 is swung. A correlation between two temporally
adjoining pieces of RF signal frame data acquired through the
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swing is obtained, and a displacement of a living tissue at each
cross-sectional position is obtained. Pieces of elasticity infor-
mation of the living tissue at the respective cross-sectional
positions are obtained on the basis of pieces of displacement
frame data, and elasticity images are sequentially con-
structed. In other words, a feature of the first embodiment lies
in that the two pieces 201 of tomographic image data under
different amounts of pressing measured at different cross-
sectional positions are measured, that a displacement of the
living tissue at either one of the cross-sectional positions or at
the average position of the two cross-sectional positions, and
that the elasticity images 202 are sequentially constructed.
Accordingly, compared with a conventional method, the
number of RF signal frame data measurements can be
reduced by at least one-half, and the time required to measure
elasticity image volume data can be reduced by at least one-
half. That is, a conventional method that measures two pieces
of tomographic image data under different amounts of press-
ing at a single cross-sectional position to obtain a displace-
ment of a living tissue at the single cross-sectional position
requires a measurement time twice longer than that of the first
embodiment.

[0095] Also, according to the first embodiment, since one
measured latest of two pieces of RF signal frame data used for
displacement measurement need not be stored in a memory,
the memory capacity of an RF signal frame data selection unit
28 can be reduced.

[0096] Note that, according to the first embodiment, since
two pieces of RF signal frame data for obtaining a displace-
ment of a living tissue are measured at different scan planes,
the accuracy of displacement data of a living tissue is lower
than a conventional technique. However, since RF signal
frame data is periodically measured, a change in the amount
of pressing from one piece of RF signal frame data to another
and a change from one scan plane to another are continuous.
Additionally, since the period of measurement of RF signal
frame data is much shorter than the time for a scan plane to
change, a plurality of pieces of displacement frame data, for
which the degree of uniformity in the magnitudes of the
amounts of pressing and the difference between the amounts
of pressing is allowable, can be measured. As a result, a
plurality of elasticity images, for which the degree of unifor-
mity in the magnitudes of the amounts of pressing and the
difference between the amounts of pressing is allowable, can
be constructed.

[0097] Since elasticity information is obtained especially
on the basis of a displacement of a living tissue between two
pieces of tomographic image data next to each other in mea-
surement time, a positional shift of a living tissue caused by
the difference in scan plane can be reduced to be negligible.
For example, scan planes in a short axis direction for mea-
surement by the ultrasonic probe 2 are generally placed at
intervals of, e.g.,, 0.05 to 0.1 mm, although the interval
depends on the frame rate. The pieces 201 of tomographic
image data are measured by swinging or linearly moving the
ultrasonic probe 2. On the other hand, an ultrasonic beam
diameter is about 1 mm, and most of a living tissue is redun-
dantly measured in the pieces 201 of tomographic image data
atadjoining scan planes. Accordingly, a positional shift of the
living tissue included in the measured pieces 201 of tomo-
graphic image data is almost negligible in spite of different
scan planes. In light of this, the two pieces 201 of tomo-
graphic image data to be selected are not limited to ones at two
adjoining scan planes. The two pieces 201 of tomographic
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image data can be selected from among the pieces 201 of
tomographic image data, between which a difference in mea-
surement time falls within a range set such that the diameters
of ultrasonic reception beams of reflection echo signals at a
plurality of adjacent scan planes overlap with each other.
[0098] Note that if measurement is performed while the
ultrasonic probe 1 is swung on a circular arc with a radius of,
e.g., 80 mm, the interval between the adjoining pieces 201 of
tomographic image data to be measured increases with an
increase in depth. It is thus preferable that a frame interval 4
is corrected according to depth in displacement calculation.
However, even without correction, an error is negligibly
small.

Second Embodiment
[0099] A processing procedure according to the second
embodiment of elasticity image measurement will be
described with reference to FIG. 5. The second embodiment
is different from the first embodiment in that a displacement
is detected not by the process of performing correlation cal-
culation between adjoining frames but by performing corre-
lation calculation between ones selected from among a plu-
rality of adjacent frames, between which a difference in
measurement time falls within a range set such that the diam-
eters of ultrasonic reception beams overlap with each other,
while swinging an ultrasonic probe 2 in a short axis direction.
For example, as shown in FIG. 5(a), pieces 201 of tomo-
graphic image data of four frames Nos. Fr.0 to Fr.3 corre-
sponding to four scan planes adjoining to each other in a scan
direction are measured. For example, the two pieces 201 of
tomographic image data of the frames Nos. Fr.0 and Fr.2 or
Fr.3 are selected from among the pieces 201 of tomographic
image data, and one elasticity image 204 is constructed.
[0100] A selection criterion for selecting two from among
the plurality of pieces 201 of tomographic image data can be
arbitrarily set by inputting a parameter such as a frame inter-
val (or swing interval) 4 from a user interface unit 43. For
example, as shown in FIG. 5(6), A1, Ap2, A¢3, . .. satisfying
APp1<A$p2<A100 3 . . . can be set as the swing angle intervals
A¢. For the set intervals A¢, a displacement measurement unit
30 selects a past piece of tomographic image data (e.g., Fr.0 or
Fr.2) measured earlier by A¢ than a piece of tomographic
image data measured latest (e.g., Fr.3) and calculates a piece
of displacement frame data on the basis of the two pieces of
tomographic image data.
[0101] The selection criterion is not limited to the method
in FIG. 5(b). As for the selection criterion for selecting two
from among the plurality of pieces 201 of tomographic image
data, a correlation between the latest piece 201 of tomo-
graphic image data as a reference and a piece of RF signal
frame data of each of the plurality of frames Nos. Fr.0 to Fr.3,
... may be obtained, a piece of displacement frame data may
be calculated between the piece 201 of tomographic image
data as the reference and the piece 201 of tomographic image
data having a highest correlation therewith, and an elasticity
image may be constructed.
[0102] According to the second embodiment, one elasticity
image is constructed from the pieces 201 of tomographic
image data measured at a plurality of scan planes. Accord-
ingly, the time required for displacement measurement, elas-
ticity information calculation, and elasticity image construc-
tion can be significantly shortened, and the number of pieces
of elasticity image data constituting elasticity volume data
can be reduced. This allows shortening of the time required
for volume rendering, high-speed construction of a three-
dimensional elasticity image, and an increase in immediacy.
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Third Embodiment

[0103] A processing procedure according to the third
embodiment of elasticity image measurement will be
described with reference to FIG. 6. The third embodiment is
different from the first embodiment in that RF signal frame
data is measured by an ultrasonic probe 2 whose swing speed
is set to be lower at two ends of a swing range. More specifi-
cally, since a scan plane for transmitting/receiving ultrasonic
waves is swung in a fan-shaped manner, frame intervals A¢1
and A¢3 at the two ends of the swing range are wider than a
frame interval A$2 at the center of the swing range, as shown
in FIG. 6(a). The distance between adjoining frames at each
end of the swing range is long especially at a deeper depth.
Also, a deviation of an angle of transmission/reception of
ultrasonic waves with respect to a pressing direction
increases, and the resolution decreases. For this reason, as
shown in FIG. 6(), a feature of the third embodiment lies in
that the swing speed decreases from the center of the swing
range toward the two ends, that the frame interval between
pieces of RF signal frame data measured at the center is
widened, and that the frame intervals at the two ends are
narrowed so as to obtain a piece of RF signal frame data at
short intervals. In order to implement the third embodiment,
a swing speed pattern to be set is supplied from an interface
unit 43 to a motor control unit 46¢.

[0104] In other words, according to the third embodiment,
a frame interval is controlled according to a swing position
(swing angle) in a short axis direction. The third embodiment
is adapted such that the frame interval can be set to decrease
with an increase in a deviation of an angle of wave transmis-
sion with respect to the pressing direction. A slighter devia-
tion in a short axis direction is preferable in order to accu-
rately measure a displacement of a pixel of each elasticity
image at the time of constructing the elasticity image. The
accuracy increases with a decrease in deviation. On the other
hand, a higher swing speed is preferable from the viewpoint
of simplicity and speedup. In this regard, according to the
third embodiment, the swing speed is reduced outside the
swing range where a deviation of a scan plane is large to
accurately acquire pieces of RF signal frame data, and the
swing speed is controlled to be high at the center where a
deviation of a scan plane is small. This can achieve both high
accuracy and high speed.

[0105] That is, according to the third embodiment, it is
possible to uniformize the resolutions of elasticity images
measured within a swing range and shorten the time required
to measure elasticity images.

Fourth Embodiment

[0106] A processing procedure according to the fourth
embodiment of elasticity image measurement will be
described with reference to FIG. 7. The fourth embodiment is
different from the first embodiment in that a range in a depth
direction is divided into a plurality of (two in FIG. 7) depth
sections and that the swing speed of an ultrasonic probe 2 is
controlled according to a depth in each depth section. More
specifically, as shown in FIG. 7(a), a shallow depth section
502 and a deeper depth section 503 are set. As shown in FIG.
7(b), the speed of a motor 465 of a mechanical 3D probe is
controlled so as to widen a frame interval A¢1 for the shallow
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depth section 502 and narrow a frame interval A¢2 for the
deep depth section 503. That is, general mechanical 3D
probes which mechanically swing the ultrasonic probe 2
often move the ultrasonic probe 2 by a swing from the central
axis of a swing range. In this case, the distance (time differ-
ence) between frames is short for elasticity images at a shal-
low depth from the ultrasonic probe 2, and the distance
between frames is long at a deep depth. For this reason, in the
fourth embodiment, the swing speed is reduced so as to
reduce the distance between frames when an elasticity image
of'a deep part is to be obtained. The swing speed is controlled
to be high so as to increase the distance between frames when
an elasticity image of a shallow part is to be obtained.
[0107] Inthe case of the fourth embodiment, the ultrasonic
probe 2 reciprocates or swings twice for each of the depth
sections 502 and 503 to measure elasticity images for the
sections. That is, an elasticity image construction unit 34
constructs an elasticity image on the basis of pieces 201 of
tomographic image data measured for each depth section. In
the fourth embodiment, the resolution of a part of interest
desired to be observed in a three-dimensional elasticity image
can be increased by controlling the swing speed so as to
narrow a frame interval A¢ for a depth section including the
part of interest.

Fifth Embodiment

[0108] A processing procedure according to the fifth
embodiment of elasticity image measurement will be
described with reference to FIG. 8. The fifth embodiment is
different from the first embodiment in that the swing speed of
an ultrasonic probe 2 is periodically controlled to increase
and decrease and that an elasticity image construction unit 34
constructs an elasticity image on the basis of pieces of RF
signal frame data measured in a swing section where the
swing speed is low. More specifically, as shown in FIG. 8(5),
a motor control unit 46¢ of a mechanical 3D probe divides a
swing range into a section 603 outside a frame acquisition
section for frames of pieces 201 of tomographic image data
and a section 604 at the time of frame acquisition and peri-
odically controls the swing speed to increase and decrease
such that the swing speed is low at or near the section 604 at
the time of frame acquisition and is high in the section 603
outside a frame acquisition section.

[0109] Inaccordance with the control, a displacement mea-
surement unit 30 obtains a piece of displacement frame data
on the basis of the two pieces 201 of tomographic image data
measured at the time of frame acquisition in the section 604
when the swing speed is low. The elasticity image construc-
tion unit 34 constructs an elasticity image 205 on the basis of
the piece of displacement frame data. That is, the elasticity
image 205 is constructed on the basis of a piece of displace-
ment frame data measured when the swing speed is low. In
other words, construction of the elasticity images 205 from
the pieces 201 of tomographic image data left after the plu-
rality of measured pieces 201 of tomographic image data are
thinned out significantly shortens the time required for dis-
placement measurement, elasticity information calculation,
and elasticity image construction. The cycle of increase and
decrease in swing speed in FIG. 8(b) can be arbitrarily and
variably set by specification through an interface unit 43.
[0110] According to the fifth embodiment, the time
required for elasticity image measurement can be signifi-
cantly shortened, and the number of pieces of elasticity image
data constituting elasticity volume data can be reduced.
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Accordingly, the time required for volume rendering can be
shortened to construct a three-dimensional elasticity image at
high speed, which allows an increase in immediacy. That is,
the time required to construct a three-dimensional elasticity
image and display the three-dimensional elasticity image as a
projection image on an image display 13 depends on the time
required to swing the ultrasonic probe transmitting/receiving
ultrasonic waves in a short axis direction and the time
required for rendering processing that constructs a three-
dimensional elasticity image. Accordingly, the time required
for a swing can be shortened by acquiring the pieces 201 of
tomographic image data with a low swing speed at short
intervals in or near a section at the time of frame acquisition
and swinging the ultrasonic probe at high speed in other
sections, as described in the fifth embodiment.

[0111] An elasticity image with few artifacts can be con-
structed by constructing a plurality of elasticity images on the
basis of the pieces 201 of tomographic image data acquired
with a low speed at short intervals and further merging the
plurality of elasticity images. As a result, the number of
elasticity images 205 after thinning is small, and rendering
processing based on volume data of the elasticity images 205
with few artifacts can also shorten the time required for the
rendering processing.

Sixth Embodiment

[0112] A processing procedure according to the sixth
embodiment of elasticity image measurement will be
described with reference to FIG. 9. The sixth embodiment is
different from the first embodiment in that a plurality of
elasticity images 202 constructed on the basis of a plurality of
pieces 201 of tomographic image data according to the first
embodiment are merged into one elasticity image 301 to
reduce artifacts and that rendering is speeded up by reducing
volume data. That is, rendering processing is desirably per-
formed on elasticity volume data with reduced artifacts in
order to perform clear rendering when a three-dimensional
elasticity image is constructed. This is because since render-
ing processing is performed according to Expressions 4, an
image desired to be actually displayed may be displayed with
alower weight in the presence of artifacts in a view direction.
In order to reduce such artifacts, as shown in FIG. 9, elasticity
volume data is created from the elasticity images 301, each of
which is obtained by merging pieces of frame data of the
plurality of elasticity images 202 using a method such as
addition, averaging, or weighted averaging. This reduces arti-
facts. Since the synthesis reduces the number of elasticity
images 301, the number of elasticity images constituting
elasticity volume data can be reduced. For this reason, the
calculation time required for rendering processing is reduced,
and a three-dimensional elasticity image can be displayed at
high speed.

aouti=auini+(1-aini)ai+pi
Eouti=Eini+ai*(1-aini)*Ei

[0113] More specifically, as shown in FIG. 9(a), a feature of
the sixth embodiment lies in that the plurality of elasticity
images 202 are constructed on the basis of the two adjoining
pieces 201 of tomographic image data measured in the same
manner as in the first embodiment and that the plurality of
constructed elasticity images 202 are merged into the one
elasticity image 301. That is, an elasticity volume data gen-
erating unit 40 merges the plurality of elasticity images 202

(Expressions 4)
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sequentially constructed by an elasticity image construction
unit 34 and stored in a two-dimensional elasticity image
storage unit 39 into the one elasticity image 301. The elastic-
ity volume data generating unit 40 sequentially registers each
elasticity image 301 after the merging in a memory in asso-
ciation with the average swing angle of a plurality of scan
planes corresponding to the plurality of elasticity images.
Note that the number of frames of the elasticity images 202 to
be merged can be arbitrarily set or switched as a parameter by
a user through an interface unit 43.

[0114] According to the sixth embodiment, since a plural-
ity of two-dimensional elasticity images can be synthesized
into one two-dimensional elasticity image and be averaged,
artifacts can be reduced, and volume data can be reduced,
which allows speedup of rendering. Note that an elasticity
image can be synthesized by any one of addition, averaging,
and weighted averaging of a plurality of elasticity images.

Seventh Embodiment

[0115] A processing procedure according to the seventh
embodiment of elasticity image measurement will be
described with reference to FIG. 10. The seventh embodiment
is a combination of the fifth and sixth embodiments. More
specifically, the swing speed of an ultrasonic probe 2 is peri-
odically controlled to increase and decrease, and an elasticity
image construction unit 34 constructs an elasticity image 402
on the basis of pieces 401 of tomographic image data mea-
sured in a swing section where the swing speed is low. An
elasticity volume data generating unit 40 merges a plurality of
elasticity images 402 sequentially constructed by the elastic-
ity image construction unit 34 and stored in a two-dimen-
sional elasticity image storage unit 39 into one elasticity
image 403. The elasticity volume data generating unit 40
sequentially registers each elasticity image 403 after the
merging in a memory in association with the average swing
angle of a plurality of cross-sectional positions corresponding
to the plurality of elasticity images.

[0116] The time required to construct a three-dimensional
elasticity image and display the three-dimensional elasticity
image as a projection image on an image display 13 depends
on the time required to swing the ultrasonic probe transmit-
ting/receiving ultrasonic waves in a short axis direction and
the time required for rendering processing that constructs a
three-dimensional elasticity image. Accordingly, like the sev-
enth embodiment, the time required for a swing can be short-
ened by acquiring the pieces 401 of tomographic image data
with a low swing speed at short intervals in or near a section
at the time of frame acquisition and swinging the ultrasonic
probe at high speed in other sections. Also, the elasticity
image 403 with few artifacts can be constructed by construct-
ing the plurality of elasticity images 402 on the basis of the
pieces 401 of tomographic image data acquired with a low
speed at short intervals and further merging the plurality of
elasticity images 402. As a result, the number of elasticity
images after thinning is small, and rendering processing
based on volume data of the elasticity images 403 with few
artifacts can shorten the time required for rendering process-
ing.

[0117] Therefore, according to the seventh embodiment,
artifacts can be reduced, and volume data can be reduced,
which allows further speedup of rendering.

Jun. 21, 2012

Eighth Embodiment

[0118] A processing procedure according to the eighth
embodiment of elasticity image measurement will be
described with reference to FIG. 11. The eighth embodiment
is different from the first embodiment in that an elasticity
image and elasticity volume data of only a part of interest and
its surroundings desired to be observed in an elasticity image
are acquired. More specifically, swing scanning for acquiring
elasticity volume data is performed in two steps. As shown in
FIG. 11(a), in a first swing scan in a short axis direction,
pieces 201 of tomographic image data in a wide area are
measured to display tomographic images. If a part 501 of
interest such as a tumor is found in the tomographic images
obtained by the first swing scan, only a specific swing section
including the part 501 of interest and a region therearound is
objected to swing scanning in a second swing scan in the short
axis direction, as shown in FIG. 11(5). Like the first embodi-
ment, elasticity images for elasticity volume data are
acquired.

[0119] The part 501 ofinterest or the specific swing section
can be manually set according to a user’s determination or can
be automatically set. In the case of manual setting, the part
501 of interest is observed while elasticity images acquired in
FIG. 11(a) are consecutively displayed, the range for a swing
angle ¢ is determined for the specific swing section including
the part 501 of interest, and the range is input and set from an
interface unit 43 to a motor control unit 46¢. The swing speed
in the specific swing section can be variably set. For example,
the swing speed can be set in advance in the motor control unit
46¢ or can be input and set from the interface unit 43 to the
motor control unit 46¢. The motor control unit 46¢ controls
the swing speed of an ultrasonic probe according to the vari-
ably set swing speed in the input specific swing section.

[0120] An example in which the part 501 of interest or the
specific swing section is automatically set will now be
described. For example, at the time of the swing scan in FIG.
11(b), variations in pieces of data in each piece of two-dimen-
sional elasticity frame data obtained by an elasticity informa-
tion calculation unit 32 are evaluated, and whether the part
501 of interest is included in the piece of elasticity frame data
is determined. If the variability of pieces of data in one of the
pieces of elasticity frame data is more than a threshold value,
the piece of elasticity frame data is determined to include the
part 501 of interest. The determination processing is contin-
ued in a swing direction, and the part 501 of interest is auto-
matically detected. While the part 501 of interest is detected,
an elasticity image is constructed with a low swing speed. If
the part 501 of interest is not detected, the swing speed is set
to a high speed, and elasticity image construction is sus-
pended. Note that a section with wide variations in deviations
o or variances of pieces of data in a piece of elasticity frame
data shown in Expression 5 below and FIG. 11(b) may be
detected at the time of determination of variations in pieces of
data of a piece of elasticity frame data.

1n (Expression 5)
o= |- (ei-%)
ni=)

where o is a deviation, €i is one piece of data in a frame, and
€ is an average in a frame.
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[0121] That is, in the eighth embodiment, a part-of-interest
detection unit which detects, on the basis of elasticity frame
data and in light of preset conditions, whether the part 501 of
interest desired to be observed in a three-dimensional elastic-
ity image is included is provided in the elasticity information
calculation unit 32. The motor control unit 46¢ of an ultra-
sonic probe swing device 46 controls the swing speed of an
ultrasonic probe 2 to be low within a swing angle range
corresponding to the specific swing section, in response to a
signal indicating detection of the part 501 of interest output
from the part-of-interest detection unit of the elasticity infor-
mation calculation unit 32.

[0122] According to the eighth embodiment, since the time
required to measure an elasticity image outside a region
including the part 501 of interest can be shortened, and the
number of elasticity images to be rendered is reduced, it is
possible to shorten the time required to project a three-dimen-
sional elasticity image while maintaining the resolution of an
elasticity image of a region including the part 501 of interest.
This allows shortening of the time required for generation of
elasticity volume data and rendering. Accordingly, the imme-
diacy increases, and the size of a memory for storing elasticity
volume data can be reduced.

[0123] The eighth embodiment has described an example
in which scanning for acquiring elasticity volume data is
performed in two steps. The number of steps, however, is not
limited to 2, and the scanning can be performed in a plurality
of steps. That is, transmission/reception of ultrasonic waves
measuring the pieces 201 of tomographic image data at a
plurality of scan planes by an ultrasonic wave transmission/
reception unit is performed a plurality of times. The tomo-
graphic image construction unit 34 includes a part-of-interest
detection unit that detects the part 501 of interest meeting
preset conditions on the basis of tomographic images
obtained by initial measurement of the pieces 201 of tomo-
graphic image data. After the part-of-interest detection unit
detects the part 501 of interest, the motor control unit 46¢
switches the swing speed of the ultrasonic probe 2 at a plu-
rality of scan planes including the part 501 of interest to a low
speed at the time of measurement of the pieces 201 of tomo-
graphic image data. The elasticity image construction unit 34
constructs an elasticity image on the basis of the pieces 201 of
tomographic image data measured at a plurality of cross-
sectional positions including the part 501 of interest within
the swing range of the ultrasonic probe 2.

Ninth Embodiment

[0124] A processing procedure according to the ninth
embodiment of elasticity image measurement will be
described with reference to FIG. 12. The ninth embodiment is
different from the eighth embodiment in that the speed of
swing is low in a specific swing section 601 corresponding to
a plurality of scan planes including a part 501 of interest
desired to be observed in a three-dimensional elasticity
image, as shown in FIG. 12(5), and that the speed of swing is
high in other sections 602. Methods for setting and detecting
the specific swing section 601 are the same as those in the
eighth embodiment. That is, a motor control unit of an ultra-
sonic probe swing device 46 controls the swing speed of an
ultrasonic probe to be low according to a variably set swing
speed in the input specific swing section 601 and controls the
swing speed of the ultrasonic probe to be high in the other
sections 602.
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[0125] According to the ninth embodiment, setting of the
swing speed to a low speed in a frame acquisition section
allows frame acquisition at reduced speed at short intervals in
an important section. More specifically, in the specific swing
section 601 including the part 501 of interest desired to be
observed in a three-dimensional elasticity image, the interval
of frames is short, and pieces 201 of tomographic image data
are measured at short intervals. Elasticity volume data is
acquired in the same manner as in the first embodiment.
Although high-speed swinging in an unnecessary part
degrades the image quality of an obtained elasticity image,
the whole of the image can be grasped. The viewing angle at
the time of rendering is wide, and an important part can be
displayed in a high-definition three-dimensional elasticity
image.

[0126] Ontheotherhand, high-speed swinging in the swing
sections 602 not including the part 501 of interest degrades
the image quality of an elasticity image. However, since the
time required for generation of elasticity volume data and
rendering can be shortened on the whole, the immediacy
increases, and the size of a memory for storing elasticity
volume data can be reduced.

Tenth Embodiment

[0127] A processing procedure according to the tenth
embodiment of elasticity image measurement will be
described with reference to FIG. 13. The tenth embodiment is
different from the first embodiment or the other embodiments
in that patterns (e.g., frequency, pulse pattern, and intensity)
of ultrasonic waves for elasticity image acquisition and for
tomographic image acquisition can be made different. More
specifically, as shown in FIG. 13(a), in a process in which
pressing force applied to an object by an ultrasonic probe is
changed and a scan plane for transmitting/receiving ultra-
sonic waves to/from the object is moved in a short axis direc-
tion indicated by arrows, ultrasonic waves are periodically
transmitted/received to/from the object, and RF signal frame
data is consecutively measured. In the present embodiment,
in particular, preset ultrasonic waves for elasticity image
acquisition and preset ultrasonic waves for tomographic
image acquisition as a set are repeatedly transmitted to a
plurality of (two in the illustrated example) consecutive scan
planes and one subsequent scan plane, respectively. In
response to this, a reception unit 4 and a phasing addition unit
6 generate and output a set of three pieces of RF signal frame
data.

[0128] As shown in FIG. 13(c), in a process in which a
mechanical 3D probe is swung in one direction, two pieces of
RF signal frame data for an elasticity image (a front frame and
a rear frame) and one piece of RF signal frame data for a
tomographic image are repeatedly acquired. At this time,
since the period of transmission of ultrasonic waves for elas-
ticity image acquisition is set to a period that causes the
diameters of ultrasonic reception beams of sequentially
received reflection echo signals to overlap with each other,
pieces of RF signal frame data are also acquired at intervals
that cause the diameters of ultrasonic reception beams to
overlap with each other.

[0129] A piece of RF signal frame data for a tomographic
image acquired in the above-described manner is input to a
tomographic image construction unit 7, and a tomographic
image is constructed. In the meantime, two pieces of RF
signal frame data for an elastic image are input to an elasticity
information calculation unit 32 via an RF signal frame data
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selection unit 28 and a displacement measurement unit 30.
For this reason, as shown in FIG. 13(c), elasticity information
is calculated, an elasticity image is constructed in an elasticity
image construction unit 34 at intervals of the three pieces of
RF signal frame data, and a piece of elasticity frame data is
generated. When pieces of elasticity frame data are accumu-
lated, an arbitrary 3D elasticity image is generated by volume
rendering processing and is displayed on a screen.

[0130] According to the tenth embodiment, patterns (e.g.,
frequency, pulse pattern, and intensity) of ultrasonic waves
suitable for elasticity image acquisition and for tomographic
image acquisition can be used, and the image quality of an
elasticity image, that of a tomographic image, and the like can
be improved. Also, the reduction in the number of tomo-
graphic images constituting tomographic volume data allows
speedup of rendering processing of a three-dimensional
tomographic image.

[0131] The above first to tenth embodiments have
described examples in which movement of the ultrasonic
probe 2 in the short axis direction is implemented by an
arcuate swing by the mechanical 3D probe shown in FIG. 2.
The present invention, however, is not limited to this. More
specifically, movement of the ultrasonic probe 2 in the short
axis direction may be linear. In this case, the guide rail 46a
that guides the ultrasonic probe 2 in FIG. 2 is linearly formed.
Alternatively, the ultrasonic probe 2 may be swung or linearly
moved in the short axis direction not by mechanical means but
by manual operation.

REFERENCE SIGNS LIST
[0132] 1 object
[0133] 2 ultrasonic probe
[0134] 3 transmission unit
[0135] 4 reception unit
[0136] 5 transmission/reception control unit
[0137] 6 phasing addition unit
[0138] 7 tomographic image construction unit
[0139] 9 two-dimensional tomographic image storage unit
[0140] 12 switching synthesis unit
[0141] 13 image display
[0142] 28 RF signal frame data selection unit
[0143] 30 displacement measurement unit
[0144] 32 elasticity information calculation unit
[0145] 34 elasticity image construction unit
[0146] 39 two-dimensional elasticity image storage unit
[0147] 36 tomographic volume data generating unit
[0148] 37 tomographic three-dimensional scan conversion
unit
[0149] 38 tomographic volume rendering unit
[0150] 40 elasticity volume data generating unit
[0151] 41 elasticity three-dimensional scan conversion unit
[0152] 42 elasticity volume rendering unit

1. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic probe which transmits/receives ultrasonic
waves to/from an object while being in contact with the
object;

a transmission/reception unit which, in a process in which
pressing force applied to the object by the ultrasonic
probeis changed and a cross-sectional position for trans-
mitting/receiving ultrasonic waves to/from the object is
moved in a short axis direction, periodically transmits/
receives ultrasonic waves to/from the object, performs
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reception processing on a reflection echo signal from the
object, and measures RF signal frame data at the cross-
sectional position;

a displacement measurement unit which obtains a dis-
placement of a living tissue at the cross-sectional posi-
tion and sequentially generates displacement frame data
on the basis of two pieces of RF signal frame data within
a set time range, selected from among a plurality of
pieces of RF signal frame data sequentially measured by
the transmission/reception unit;

an elasticity information calculation unit which obtains
elasticity information of the living tissue at the cross-
sectional position and sequentially generates elasticity
frame data on the basis of the displacement frame data
sequentially generated by the displacement measure-
ment unit; and

an elasticity image construction unit which sequentially
constructs elasticity images on the basis of the elasticity
frame data sequentially generated by the elasticity infor-
mation calculation unit.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising;

a volume data generating unit which sequentially registers
the elastic images constructed by the elasticity image
construction unit in a memory together with respective
pieces of positional information of the cross-sectional
position; and

a three-dimensional elasticity image construction unit
which constructs a three-dimensional elasticity image
by rendering on the basis of volume data of the elasticity
images registered in the volume data generating unit and
displays the three-dimensional elasticity image on a
monitor screen.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein

the change of the pressing force applied to the object and
the movement of the cross-sectional position in the short
axis direction are manually performed while the ultra-
sonic probe is grasped.

4. The ultrasonic diagnostic apparatus according to claim

3, wherein

the ultrasonic probe is assembled to a swing apparatus
which arcuately or linearly guides the cross-sectional
position for transmitting/receiving ultrasonic waves.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein

the ultrasonic probe is formed to include a plurality of
two-dimensionally arranged transducers,

the transmission/reception unit has a function of electroni-
cally scanning the plurality of transducers in the short
axis direction of the ultrasonic probe,

the change of the pressing force applied to the object is
manually performed while the ultrasonic probe is
grasped, and

the movement of the cross-sectional position in the short
axis direction comprises swinging the cross-sectional
position for transmitting/receiving ultrasonic waves in
the short axis direction through the electronic scanning
by the transmission/reception unit.

6. The ultrasonic diagnostic apparatus according to claim

2, further comprising:

a swing device including

a swing mechanism which swings the ultrasonic probe in
the short axis direction,
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a motor which swings and drives the ultrasonic probe via
the swing mechanism, and

a motor control unit which senses a swing angle of the
ultrasonic probe from a rotational position of the motor
and controls a rotational speed of the motor;

avolume data generating unit which sequentially registers
the, elastic images constructed by the elasticity image
construction unit in a memory in association with
respective swing angles of the ultrasonic probe; and

a three-dimensional elasticity image construction unit
which constructs a three-dimensional elasticity image
by rendering on the basis of volume data of the elasticity
images registered in the volume data generating unit and
displays the three-dimensional elasticity image on a
monitor screen.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein

the set range for the difference in measurement time
between the two pieces of RF signal frame data selected
by the displacement measurement unit is based on a
difference in measurement time that causes diameters of
ultrasonic reception beams of the reflection echo signals
at a plurality of the cross-sectional positions to overlap
with each other.

8. The ultrasonic diagnostic apparatus according to claim

7, wherein

the displacement measurement unit obtains the displace-
ment frame data such that the set range for the difference
in measurement time between the two selected pieces of
RF signal frame data is based on a difference in mea-
surement time that causes diameters of ultrasonic recep-
tion beams of the reflection echo signals at adjoining
ones of the cross-sectional positions to overlap with each
other or, if three or more pieces of RF signal frame data
are measured within the set range for the difference in
measurement time, obtains a correlation of a latest one
of the pieces of RF signal frame data as a reference with
each of the other pieces of RF signal frame data mea-
sured within the set range and obtains the displacement
frame data between the two pieces of RF signal frame
data with a highest correlation.

9. The ultrasonic diagnostic apparatus according to claim

6, wherein

the motor control unit performs at least one of:

first control that controls speed of the motor in a pattern
with a swing speed decreasing from a center of a swing
range of the ultrasonic probe toward two ends;

second control that controls the swing speed of the ultra-
sonic probe according to a depth for one of a plurality of
depth sections into which a range in a depth direction is
divided;

third control that controls the swing speed of the ultrasonic
probe according to depth of a part of interest desired to
be observed in the three-dimensional elasticity image;

fourth control that periodically controls the swing speed of
the ultrasonic probe to increase and decrease;

fifth control that controls the swing speed of the ultrasonic
probe to be low in a specific swing section correspond-
ing to a plurality of cross-sectional positions including
the part of interest desired to be observed in the three-
dimensional elasticity image and controls the swing
speed to be high outside the specific swing section; and

sixth control that performs control according to the vari-
ably set swing speed of the ultrasonic probe in the spe-
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cific swing section corresponding to the plurality of
cross-sectional positions including the part of interest
desired to be observed in the three-dimensional elastic-
ity image.

10. The ultrasonic diagnostic apparatus according to claim

, wherein

the elasticity information calculation unit includes a part-
of-interest detection unit which detects on the basis of
the elasticity frame data and in light of a preset condition
whether a part of interest desired to be observed in the
three-dimensional elasticity image,

the motor control unit controls swing speed of the ultra-
sonic probe to be low in response to a signal indicating
detection of the part of interest output from the part-of-
interest detection unit and controls the swing speed of
the ultrasonic probe to be high when the signal indicat-
ing detection of the part of interest is not output from the
part-of-interest detection unit.

11. The ultrasonic diagnostic apparatus according to claim

8, comprising

an input setting unit which inputs and sets a part of interest
desired to be observed in the three-dimensional elastic-
ity image if three or more pieces of RF signal frame data
are measured within the set range for the difference in
measurement time, and

the motor control unit controls swing speed of the ultra-
sonic probe to be low in the part of interest input from the
input setting unit and controls the swing speed of the
ultrasonic probe to be high outside the part of interest.

12. The ultrasonic diagnostic apparatus according to claim

6, further comprising

a tomographic image construction unit which constructs a
tomographic image on the basis of the RF signal frame
data, wherein

the transmission/reception unit performs transmission/re-
ception of ultrasonic waves for measuring the RF signal
frame data at a plurality of the cross-sectional positions
a plurality of times,

the tomographic image construction unit includes a part-
of-interest detection unit which detects a part of interest
meeting a preset condition as a part to be observed in the
three-dimensional elasticity image on the basis of the
tomographic image obtained by initial measurement of
the RF signal frame data,

the motor control unit switches swing speed of the ultra-
sonic probe at a plurality of cross-sectional positions
including the part of interest to a low speed at the time of
measurement of the RF signal frame data after the part-
of-interest detection unit detects the part of interest, and

the elasticity image construction unit constructs the elas-
ticity images on the basis of the RF signal frame data
measured at the plurality of cross-sectional positions
including the part of interest within a swing range of the
ultrasonic probe.

13. The ultrasonic diagnostic apparatus according to claim

, wherein

the transmission/reception unit performs transmission/re-
ception of ultrasonic waves for measuring the RF signal
frame data at a plurality of the cross-sectional positions
a plurality of times,

the tomographic image construction unit includes a part-
of-interest detection unit which detects a part of interest
meeting a preset condition as a part to be observed in the
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three-dimensional elasticity image on the basis of the
elasticity images obtained by initial measurement of the
RF signal frame data,

the motor control unit switches the swing speed of the
ultrasonic probe at a plurality of cross-sectional posi-
tions including the part of interest to a low speed at the
time of measurement of the RF signal frame data after
the part-of-interest detection unit detects the part of
interest, and

the elasticity image construction unit constructs the elas-
ticity images on the basis of the RF signal frame data
measured at the plurality of cross-sectional positions
including the part of interest within a swing range of the
ultrasonic probe.

14. The ultrasonic diagnostic apparatus according to claim
1, wherein

the transmission/reception unit transmits preset ultrasonic
waves for elasticity image acquisition and preset ultra-
sonic waves for tomographic image acquisition as a set
to a plurality of the consecutive cross-sectional positions
and the one subsequent cross-sectional position, respec-
tively, and a period of transmission of ultrasonic waves
for elasticity image acquisition is set to a period that
causes diameters of ultrasonic reception beams of
sequentially received reflection echo signals to overlap
with each other, and

the apparatus further comprises a tomographic image con-
struction unit which constructs a tomographic image on
the basis of RF signal frame data measured by the trans-

Jun. 21, 2012

mission/reception unit in response to the ultrasonic
waves for tomographic image acquisition.

15. An elasticity image display method, comprising:

a first step of, in a process in which pressing force applied
to an object by an ultrasonic probe is changed and a
cross-sectional position for transmission/reception of
ultrasonic waves is moved in a short axis direction, peri-
odically transmitting/receiving ultrasonic ~waves
to/from the object and capturing a measured reflection
echo signal by the ultrasonic probe;

a second step of performing reception processing on the
reflection echo signal captured in the first step and peri-
odically measuring RF signal frame data;

athird step of, on the basis of two pieces of RF signal frame
data, between which a difference in measurement time
falls within a set range, selected from among a plurality
of pieces of RF signal frame data periodically measured
in the second step, obtaining displacements of a living
tissue at a plurality of the cross-sectional positions and
sequentially generating pieces of displacement frame
data;

a fourth step of, on the basis of a plurality of the pieces of
displacement frame data obtained in the third step, cal-
culating elasticity information of the living tissue at the
plurality of cross-sectional positions and sequentially
generating elasticity frame data and

a fifth step of, on the basis of the elasticity frame data
sequentially generated in the fourth step, sequentially
constructing elasticity images.
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