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(57) ABSTRACT

Provided are an ultrasonic diagnostic apparatus that con-
structs and displays a 3-dimensional elastic image showing
the hardness or softness of a biological tissue in an object to
be examined, and a method of displaying an ultrasonic image.

The ultrasonic diagnostic apparatus is provided with an RF
signal frame data storing unit (20) that stores a predetermined
range of RF signal frame data based on the reflected echo
signals received by the reception unit (4), an RF signal frame
data selecting unit (21) that selects the RF signal frame data in
the predetermined range stored in the RF signal frame data
storing unit (20), an elasticity information calculating unit
(23) that calculates strain or elastic modulus from the RF
signal frame data in the predetermined range, and a 3-dimen-
sional elastic image constructing unit (28) that constructs a
3-dimensional elastic image on the basis of the calculated

A6IB 8/14 (2006.01) strain or elasticity modulus.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD OF DISPLAYING
ULTRASONIC IMAGE

FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and ultrasonic image display method for
displaying an elastic image showing hardness or softness of
biological tissues in an object to be examined using ultrasonic
waves.

DESCRIPTION OF RELATED ART

[0002] An ultrasonic diagnostic apparatus transmits ultra-
sonic waves to the inside of an object by an ultrasonic probe,
constructs and displays, for example a tomographic image
based on the reception signals received from biological tis-
sues in the object. Also, it measures the reception signals
received from the biological tissues in the object using the
ultrasonic probe, and obtains the displacement in each area of
the biological object from the RF signal frame data of two
reception signals measured at different times. An elastic
image showing elasticity modulus of biological tissues is then
constructed based on the obtained displacement data (for
example, Patent Document 1).

[0003] Also, it has a position sensor that measures position
and tilt of the ultrasonic probe at the same time of transmitting
and receiving ultrasonic waves, generates volume data from
the positional information acquired by the position sensor and
a plurality of 2-dimensional tomographic images, and dis-
plays a 3-dimensional tomographic image (for example,
Patent Document 2).

PRIOR ART DOCUMENTS
[0004] Patent Document 1: JP-A-2000-060853
[0005] Patent Document 2: JP-A-2006-271523
[0006] However, the technique disclosed in Patent Docu-

ment 1 only constructs a 2-dimensional elastic image, and the
technique for constructing a 3-dimensional elastic image is
not disclosed in concrete terms. Therefore, construction of a
3-dimensional elastic image requires a tremendous amount of
calculation and memory capacity, and is impossible to
achieve merely by extending the technique for constructing a
3-dimensional tomographic image disclosed in Patent Docu-
ment 2.

[0007] Theobjective ofthe present invention is to construct
and display a 3-dimensional elastic image showing hardness
or sofiness of biological tissues in an object.

BRIEF SUMMARY OF THE INVENTION

[0008] In order to achieve the above-described objective,
the present invention comprises:

[0009] an ultrasonic probe having transducers that transmit
and receive ultrasonic waves;

[0010] atransmission unit configured to transmit ultrasonic
waves to an object to be examined via the ultrasonic probe;
[0011] a reception unit configured to receive the reflected
echo signals from the object;

[0012] an RF signal frame data storing unit configured to
store a predetermined range of RF signal frame data based on
the reflected echo signals received by the reception unit;
[0013] an RF signal frame data selecting unit configured to
select the predetermined range of RF signal frame data stored
in the RF signal frame data storing unit;
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[0014] anelasticity information calculating unit configured
to calculate strain or elasticity modulus from the predeter-
mined range of RF signal frame data;

[0015] a 3-dimensional elastic image constructing unit
configured to construct a 3-dimensional elastic image based
on the calculated strain or elasticity modulus; and

[0016] a display unit configured to display the 3-dimen-
sional elastic image.

[0017] Accordingly, a 3-dimensional elastic image show-
ing hardness or softness of biological tissues in an object can
be constructed.

EFFECT OF THE INVENTION

[0018] In accordance with the present invention, it is pos-
sible to construct a 3-dimensional image showing hardness or
softness of biological tissues in an object to be examined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a block diagram showing a general con-
figuration of the present invention.

[0020] FIG. 2 shows a storage pattern of tomographic
image data related to the present invention.

[0021] FIG. 3 shows the detail of an RF signal frame data
storing unit in a first embodiment of the present invention.
[0022] FIG. 4 shows the detail of an RF signal frame data
storing unit in the first embodiment of the present invention.
[0023] FIG. 5 shows the pattern for generating 2-dimen-
sional elastic image data in the first embodiment of the
present invention.

[0024] FIG. 6 shows the pattern for generating 2-dimen-
sional elastic image in a second embodiment of the present
invention.

[0025] FIG. 7 shows a third embodiment of the present
invention.
[0026] FIG. 8 shows the pattern for generating 2-dimen-

sional elastic image data in a third embodiment of the present
invention.

[0027] FIG. 9 shows a fourth embodiment of the present
invention.

[0028] FIG. 10 shows the fourth embodiment of the present
invention.

[0029] FIG. 11 shows the pattern for generating 2-dimen-
sional elastic image data in the fourth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment
Raster Address

[0030] The ultrasonic diagnostic apparatus to which the
present invention is applied will be described referring to
FIG. 1. As shown in FIG. 1, the ultrasonic diagnostic appa-
ratus comprises:

[0031] ultrasonic probe 2 to be used by applying to object 1,
[0032] transmission unit 3 configured to repeatedly trans-
mit ultrasonic waves to object 1 at time intervals via ultra-
sonic probe 2;

[0033] reception unit 4 configured to receive the reflected
echo signals generated from object 1 in time series;

[0034] ultrasonic transmission/reception control unit 5
configured to control switching of transmission and reception
of transmission unit 3 and reception unit 4; and
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[0035] phasing and adding unit 6 configured to execute
phasing and adding of the reflected echo signals received by
reception unit 4.

[0036] Ultrasonic probe 2 is formed by a plurality of trans-
ducers disposed therein, and has the function that transmits
and receives ultrasonic waves via the transducers. Ultrasonic
probe 2 is capable of mechanically vibrating the plurality of
transducers in the direction orthogonal to the array direction
thereof and transmitting/receiving ultrasonic waves. Also,
ultrasonic probe 2 has a position sensor that measures tilt of
the transducer at the same time of transmitting and receiving
ultrasonic waves, and outputs the tilt of the transducer as a
frame number. Ultrasonic probe 2 may also have configura-
tion that a plurality of transducers are 2-dimensionally
arrayed and the directions of transmitting/receiving ultra-
sonic waves can be electrically controlled.

[0037] Inthis manner, ultrasonic probe 2 mechanically and
electrically vibrates a plurality of transducers in the direction
orthogonal to the array direction thereof, and transmits/re-
ceives ultrasonic waves. Transmission unit 3 generates trans-
mitting pulses for generating ultrasonic waves by driving the
transducers of ultrasonic probe 2. Transmission unit 3 has the
function to set the conversion point of the transmitted ultra-
sonic waves at a certain depth. Also, reception unit 4 gener-
ates RF signals, i.e. reception signals by amplifying the
reflected echo signals received by ultrasonic probe 2 at a
predetermined gain. Ultrasonic transmission/reception con-
trol unit 5 controls transmission unit 3 or reception unit 4.
[0038] Phasing and adding unit 6 executes phase control by
inputting the RF signals amplified in reception unit 4, and
generates the RF signal frame data by forming an ultrasonic
beam with respect to one or a plurality of focusing points.
[0039] Tomographic image constructing unit 7 obtains
tomographic image data by inputting the RF signal frame data
from phasing and adding unit 6 and executing signal process-
ing such as gain compensation, log compression, detection,
edge enhancement and filtering. Also, black and white scan
converter 8 executes coordinate system conversion of tomo-
graphic image data in order to display the tomographic image
data synchronized with scanning of ultrasonic waves using
the display system of image display unit 13.

[0040] 2-dimensional tomographic image storing unit 9
stores the tomographic image data outputted from black and
white scan converter 8 along with the frame numbers as
shown in FIG. 2. Here, an ultrasonic wave is transmitted and
received by mechanically vibrating transducers in the direc-
tion orthogonal to the array direction thereof, and the tomo-
graphic image data of n-frame is obtained with respect to the
scan in A-direction and B-direction.

[0041] FIG.2(a) shows 3-dimensional acquisition of tomo-
graphic image data while assuming 2-dimensional tomo-
graphic image data as one line in the frame direction. FIG.
2(b) shows 3-dimensional acquisition of 2-dimensional
tomographic image data.

[0042] The frame numbers correspond the position (tilt) of
the plurality of transducers to the tomographic image data as
shown in FIG. 2(a). The first frame number of the scan in
A-direction is set as “17, and the last frame number is set as
“n”. The tomographic image data of frame number “1”is first
stored in 2-dimensional tomographic image storing unit 9,
and then the tomographic image data of frame number “2” is
stored in 2-dimensional tomographic image storing unit 9.
Then the tomographic image data of frame number “n” is
finally stored in 2-dimensional tomographic image storing

Jul. 21,2011

unit 9. Also, the first frame number of the scan in B-direction
is set as “n” and the last frame number is set as ““1”, and the
tomographic image data is stored in 2-dimensional tomo-
graphic image storing unit 9.

[0043] Black and white volume data generating unit 10
reads out the tomographic image data for the portion of
n-frame stored in 2-dimensional tomographic image storing
unit 9, and generates the black and white volume data by
sequentially disposing the data for each scan plane. In this
manner, the black and white volume data for the rendering
which is the collection of tomographic image data in the
object is constructed.

[0044] Black and white 3-dimensional tomographic image
constructing unit 11 reads out black and white volume data
from black and white volume data generating unit 10, and
constructs a black and white 3-dimensional tomographic
image by projecting the black and white volume data on a
plane. In concrete terms, black and white 3-dimensional
tomographic image constructing unit 11 obtains image infor-
mation of each point in the black and white volume data from
the luminance value and the opacity corresponding to the
respective points (coordinates). Then black and white 3-di-
mensional tomographic image constructing unit 11 con-
structs a black and white 3-dimensional tomographic image
using the volume rendering method by the equation below
that gives contrasting density by calculating the luminance
value and the opacity of the black and white volume data of
the view point direction in the depth direction.

Oy (1=C)x 0
Cour=Cint(1=0y ) x % C; [Equation 1]
[0045] o, output of the i-th opacity
[0046] c.,,: input of the i-th opacity
[0047] @ the i-th opacity
[0048] C,,,: output of the i-th luminance

[0049] C,,;: input of the i-th luminance

[0050] C;: the i-th luminance

[0051] While the volume rendering method is used above
for constructing a black and white 3-dimensional tomo-
graphic image, other methods may be used such as the surface
rendering method that gives contrasting density according to
the tilt angle formed by the pixel in each point with respect to
the plane corresponding to the view point position or the
voxel method that gives contrasting density according to the
depth of an object viewed from the view point position.
[0052] Also, the ultrasonic diagnostic apparatus comprises
switching and synthesizing unit 12 that synthesizes a black
and white 3-dimensional tomographic image and a color 3-di-
mensional elastic image to be described later, juxtaposes and
switches the images, and image display unit 13 that displays
a black and white 3-dimensional tomographic image, a color
3-dimensional elastic image and the synthesized image in
which a black and white 3-dimensional tomographic image
and a color 3-dimensional elastic image are synthesized.
[0053] Further, the ultrasonic diagnostic apparatus com-
prises RF signal frame data storing unit 20 that stores the RF
signal frame data outputted from phasing and adding unit 6,
RF signal frame data selecting unit 21 that selects at least two
sets of RF signal frame data stored in RF signal frame data
storing unit 20, displacement calculating unit 22 that mea-
sures displacement of biological tissues in object 1 from two
sets of RF signal frame data, elasticity information calculat-
ing unit 23 that acquires elasticity information such as strain
or elasticity modulus from the displacement information
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measured in displacement calculating unit 22, elastic image
constructing unit 24 that constructs 2-dimensional elastic
image data from the strain or elasticity modulus calculated in
elasticity information calculating unit 23, and elastic scan
converter 25 that executes coordinate system conversion on
the 2-dimensional elastic image data outputted from elastic
image constructing unit 24 for displaying the data by the
display system of image display unit 13.

[0054] In the present embodiment, the ultrasonic diagnos-
tic apparatus further comprises 2-dimensional elastic image
storing unit 26 that stores the 2-dimensional elastic image
data outputted from elasticity scan converter 25, elastic vol-
ume data generating unit 27 that generates elastic volume data
from plural sets of 2-dimensional elastic image data, and
3-dimensional elastic image constructing unit 28 that con-
structs a color 3-dimensional elastic image from elastic vol-
ume data.

[0055] Also, the ultrasonic diagnostic apparatus comprises
control unit 31 that controls the respective components, and
input unit 30 that executes various inputs to control unit 31.
Input unit 30 comprises devices such as a keyboard or track-
ball.

[0056] RF signal frame data storing unit 20 sequentially
stores the RF signal frame data generated from phasing and
adding unit 6 in time series. F1IG. 3 and FIG. 4 show the detail
of RF signal frame data storing unit 20.

[0057] In the present embodiment, RF signal frame data
storing unit 20 has storage media 200 that stores the RF signal
frame data related to the scan in the A-direction and storage
media 201 that stores the RF signal frame data related to the
scan in the B-direction.

[0058] In concrete terms, storage media 200 and storage
media 201 stores the RF signal frame data in a plurality of
ultrasonic transmission/reception directions, i.e. a plurality of
raster addresses. The raster address corresponds to the data on
a scan line (arrow) of a piece of RF signal frame data shown
in FIG. 3(¢). When the entire raster address is set as “256”,
storage media 200 and storage media 201 stores, for example
the RF signal frame data of the raster address in the set range
of “17~50".

[0059] The set range can be arbitrarily set, wherein the RF
signal frame data in the raster address of “50”~“200” can be
stored in storage media 200 and storage media “200” or the
RF signal frame datain the raster address of “100”~“150" can
be stored in storage media 200 and storage media 201.

[0060] Then storage media 200 that stores the RF signal
frame data related to the scan in A-direction stores the RF
signal frame data in the raster address of the range set as
mentioned above for the portion of the scan in A-direction.

[0061] FIG. 3(b) shows the relationship between the RF
signal frame data of the raster address in the set range of the
scan in A-direction and the frame number, and FIG. 3(d)
shows the storage pattern of storage media 200 that stores the
RF signal frame data in the raster address of the set range of
the scan in A-direction while corresponding the data to the
frame number.

[0062] Storage media 200 stores RF signal frame data by
setting the first frame number of the scan in the A-direction as
“1” and setting the last frame number as “n”. Concretely, the
RF signal frame data of the scan in the A-direction having
frame number “1” is first stored in storage media 200, and
then the RF signal frame data of frame number “2” is stored
in storage media 200. Then the RF signal frame data having
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frame number “n” is finally stored in storage media 200. Then
the RF signal frame data having frame number “n” is finally
stored in storage media 200.

[0063] Also, storage media 201 that stores the RF signal
frame data related to the scan in the B-direction stores the RF
signal frame data of the raster address in the same set range as
in the storage media 200, for the portion of the scan in B-di-
rection.

[0064] FIG. 3(c) shows the relationship between the RF
signal frame data of the raster address in the set range of the
scan in the B-direction and the frame number, and FIG. 3(e)
shows the storage pattern of storage media 201 that stores the
RF signal frame data in the raster address of the set range of
the scan in the B-direction while corresponding the to the
frame number. Storage media 201 stores the RF signal frame
data by setting the first frame number of the scan in the
B-direction as “n” and setting the last frame number as “1”.
Concretely, the RF signal frame data of the scan in the B-di-
rection having frame number “n” is first stored in storage
media 201, and then the RF signal frame data of frame num-
ber “n—17 is stored in storage media 201. Then the RF signal
frame data of frame number “1” is finally stored in storage
media 201.

[0065] While RF signal frame data storing unit 20 has two
storage media 200 and 201 in the above, RF signal frame data
may also be sorted and stored in one storage media.

[0066] As shown in FIG. 4, RF signal frame data selecting
unit 21 selects the RF signal frame data of frame number “N”
stored in storage media 200 of RF signal frame data storing
unit 20. N is a positive integer which is greater or equal to 1
and less or equal to “n”. Then RF signal frame data selecting
unit 21 selects the RF signal frame data of frame number “N”
stored in storage media 201 which 1s the same frame number
“N” of the RF signal frame data read out from storage media
200.

[0067] Then displacement calculating unit 22 executes
one-dimensional or two dimensional correlation processing
from the selected RF signal frame data of frame number “N”,
and obtains one-dimensional or two-dimensional displace-
ment distribution related to the displacement or moving vec-
tor, i.e. the direction and size of the displacement in the
biological tissues corresponding to each point of the RF sig-
nal frame data. Here, the block matching method is used for
detecting the moving vector. The block matching method
divides an image into blocks formed by, for example MxM
pixels, focuses on a block within the region of interest,
searches the block which is most approximated to the focused
block from the previous frame, and executes the process to
determine the sample value by predictive coding, ie. the
difference referring to the searched block.

[0068] Elasticity information calculating unit 23 calculates
strain or elasticity modulus of the biological tissues corre-
sponding to each point (coordinates) on the image from the
measured value outputted from displacement calculating unit
22 such as the moving vector and the pressure value outputted
from pressure measuring unit 26, and generates elasticity
information. At this time, the strain is calculated by perform-
ing spatial differentiation on the distance, for example the
displacement of the biological tissue. Also, in the case of
calculating elasticity modulus in elasticity information cal-
culating unit 23, the pressure information acquired by pres-
sure measuring unit 29 connected to a pressure sensor (not
shown in the diagram) of ultrasonic probe 2 is outputted to
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elasticity information calculating unit 23. Elasticity modulus
is calculated by dividing variation of the pressure by variation
of the strain.

[0069] For example, by setting the displacement measured
by displacement calculating unit 22 as [.(X) and the pressure
measured by pressure measuring unit 29 as P(X), since strain
AS(X) can be calculated by performing spatial differentiation
on L(X), elasticity modulus can be obtained using the equa-
tion: AS(X)=L(X)/AX. Also, Young’s modulus Ym(X) of
elasticity modulus 1s calculated by the equation: Ym=(AP
(X))/AS(X). Since elasticity modulus of the biological tissue
corresponding to each point of an image can be obtained by
this Young’s modulus Ym, a 2-dimensional elastic image can
be continuously acquired. Young’s modulus is the ratio of the
simple tensile stress applied to an object to the strain gener-
ated parallel to the tensile.

[0070] Elastic image constructing unit 24 executes various
image processing such as the smoothing process within the
coordinate plane, contrast optimization process or the
smoothing process in the time axis direction among the
frames with respect to the calculated elasticity value (strain,
elasticity modulus, etc.), and constructs 2-dimensional elastic
image data.

[0071] Elasticity scan converter 25 has the function to
execute coordinate system conversion on the 2-dimensional
elastic image data outputted from elastic image constructing
unit 24 for displaying by the display method of image display
unit 13. 2-dimensional elastic image storing unit 26 stores the
2-dimensional elastic image data along with frame number
“N”.

[0072] Inthis manner, as shown in FIG. 4, RF signal frame
data selecting unit 21 selects the RF signal frame data of the
same frame numbers “1”~“n” in the raster address of the set
range stored in storage media 200 and storage media 201 of
RF signal frame data storing unit 20 respectively, and
executes a series of processing in displacement calculating
unit 22, elasticity information calculating unit 23, elastic
image constructing unit 24 and elasticity scan converter 25 as
mentioned above.

[0073] 2-dimensional elastic image storing unit 26 stores
the 2-dimensional elastic image data of the raster address in
the set range of a series of frame numbers “1”~“n”. FIG. §
shows the pattern for generating the 2-dimensional elastic
image data of frame numbers “1”~“n”. FIGS. 5(a) and (b)
show the pattern that the RF signal frame data of frame
numbers “1”~“n” in A-direction or B-direction is read out
from storage media 200 and storage media 201, and FIG. 5(c)
shows the condition that the 2-dimensional elastic image data
of the raster address in the set range of frame numbers
“1”~“n” is stored in 2-dimensional elastic image storing unit
26.

[0074] Elastic volume data generating unit 27 generates
elasticity volume data from plural sets of 2-dimensional elas-
tic image data in the raster address of the set range. The
2-dimensional elastic image data for the portion of n-frame
stored in 2-dimensional elastic image storing unit 26 is read
out, and the elastic volume data is generated by sequentially
disposing the data for each scan plane. In this manner, the
elastic volume data for rendering in the raster address of the
set range which is the collection of 2-dimensional elastic
image data in the object is constructed.

[0075] 3-dimensional elastic image constructing unit 28
acquires image information on each point of the elastic vol-
ume data from the elasticity value (any one of strain, elasticity
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modulus, etc.) and the opacity corresponding to the respective
points, and constructs a 3-dimensional elastic image. For
example, a 3-dimensional elastic image is constructed using
the volume rendering method by the equation below that
calculates, in the depth direction, the elasticity value of the
elastic volume data of the view point direction. The view
point direction is the same direction as the view point direc-
tion in the volume rendering process, etc. in black and white
3-dimensional tomographic image constructing unit 11.

Oyt (1= )Xt

E i E it (1= 03 )X QAE, [Equation 2]

[0076] «.,,: output of the i-th opacity

outi*

[0077] o, input of the i-th opacity
[0078] o the i-th opacity
[0079] E_,,: output of the i-th elasticity value
[0080] E, . input of the i-th elasticity value
[0081] E,: the i-th elasticity value
[0082] Also,3-dimensional elastic image constructing unit

28 appends light’s three primary colors, i.e. red (R) value,
green (G) value and blue (B) value to the image information
that configures a 3-dimensional elastic image. The 3-dimen-
sional elastic image constructing unit 28 appends, for
example a red color code to the place having greater strain or
smaller elasticity modulus compared to the surrounding area,
and appends a blue color to the place having smaller strain or
greater elasticity modulus compared to the surrounding area.

[0083]

[0084] Switching and synthesizing unit 12 is configured
comprising an image memory, image processing unit and
image selecting unit. Here, the image memory stores the
black and white 3-dimensional tomographic image outputted
from black and white 3-dimensional tomographic image con-
structing unit 11 and the color 3-dimensional elastic image in
the raster address of the set range outputted from 3-dimen-
sional elastic image constructing unit 28 along with time
information.

[0085] Also, the image processing unit synthesizes the
black and white 3-dimensional tomographic image data
stored in the image memory and the color 3-dimensional
elastic image data in the raster address of the set range by
changing the synthesis ratio. Image processing unit reads out
the black and white 3-dimensional tomographic image data
and the color 3-dimensional elastic image data at the same
viewpoint position from the image memory. While the image
processing unit synthesizes the black and white 3-dimen-
sional tomographic image data and the color 3-dimensional
elastic image data, since the black and white 3-dimensional
tomographic image data and the color 3-dimensional elastic
image data are the image data after executing the volume
rendering process, each set of data is actually added 2-dimen-
sionally.

[0086] For example, as shown in the equations below, red
(R) value, green (G) value and blue (B) value of the color
3-dimensional elastic image data and red (R) value, green (G)
value and blue (B) value of the black and white 3-dimensional
tomographic image data are added respectively in each point.
In addition, o is the coefficient which is greater or equal to 0
and less or equal to 1, and can be set as desired via input unit
30.

(Parallel Display/Superimposing Display)
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(Synthetic image data R) = [Equation 3]

@ % (color 3-D elastic image data R)+ (1 — a)x
(black and white 3-D tomographic image data R)
(Synthetic image data G) =
% (color 3-D elastic image data G)+ (1 —a)x
(black and white 3- D tomographic image data G)
(Synthetic image data B) =
@ % (color 3-D elastic image data B)+ (1 — a)x

(black and white 3-D tomographic image data B)

[0087] For example, by setting the above-mentioned o as 0
or 1, it is possible to extract only the black and white 3-di-
mensional tomographic image data or the color 3-dimen-
sional elastic image data. The image selecting unit selects the
image to be displayed on image display unit 13 from among
the black and white 3-dimensional tomographic image data in
the volume memory, color 3-dimensional elastic image data
in the raster address of the set range or the synthesized image
data in the image processing unit.

[0088] Image display unit 13 displays the image synthe-
sized by switching and synthesizing unit 12, black and white
3-dimensional tomographic image or color 3-dimensional
elastic image in the raster address of the set range in parallel.
[0089] As described above, in accordance with the present
embodiment, it is possible to construct and display a 3-di-
mensional elastic image showing hardness or softness of
biological tissues in an object. Also, by calculating elasticity
of each frame while narrowing down the setting range of
raster address, it is possible to save time for elasticity calcu-
lation.

Second Embodiment
Connecting

[0090] Next, the second embodiment will be described
referring to FIG. 1~FIG. 6. The difference from the first
embodiment is that a 3-dimensional elastic image is con-
structed using the RF signal frame data in the adjacent raster
address.

[0091] In the first embodiment, a 3-dimensional elastic
imageis constructed by storing the RF signal frame data in the
raster address of the set range in storage media 200 and
storage media 201. In the second embodiment, the RF signal
frame data in the raster address of the range adjacent to the
raster address of the range set in the first embodiment is
further stored in storage media 200 and storage media 201,
and a 3-dimensional elastic image is constructed while being
connected to the 3-dimensional elastic image constructed in
the first embodiment.

[0092] In concrete terms, the RF signal frame data in the
raster address of “1”~“50” is stored in storage media 200 and
storage media 201 inthe first embodiment. Then in the second
embodiment, the RF signal frame data in the raster address of
“517~*100” which is adjacent to the raster address of
“17~“50” is 1o be stored in storage media 200 and storage
media 201.

[0093] Then as shown in FIG. 4, RF signal frame data
selecting unit 21 selects the RF signal frame data in the raster
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address of the set range having the same frame numbers
“1”~“n” stored in storage media 200 and storage media 201 of
RF signal frame data storing unit 20 respectively, and
executes a series of processing in displacement calculating
unit 22, elasticity information calculating unit 23, elastic
image constructing unit 24 and elasticity scan converter 25 in
the same manner as in the first embodiment.

[0094] FIGS. 6(a) and (b) show the pattern that RF signal
frame data in A-direction and B-direction having frame num-
bers “1”~“n” 1s read out from storage media 200 and storage
media 201, and FIG. 6(c) shows the condition that the 2-di-
mensional elastic image data of frame numbers “1”~“n” is
stored in 2-dimensional elastic image storing unit 26. In the
present embodiment, 2-dimensional elastic image data in the
raster address of “17~“100" is stored in 2-dimensional elastic
image storing unit 26.

[0095] Then elastic volume data generating unit 27 gener-
ates elastic volume data from plural sets of 2-dimensional
elastic image data in the raster address of “1”~“100”. The
2-dimensional elastic image data for the portion of n-frame
stored in 2-dimensional elastic image storing unit 26 is read
out, and elastic volume data is generated by sequentially
disposing the data for each scan plane. In this manner, the
elastic volume data in the raster address of “1”~“100" for the
rendering which is the collection of the 2-dimensional elastic
image data in an object is constructed.

[0096] 3-dimensional elastic image constructing unit 28
acquires image information of each point in the elastic vol-
ume data from the elasticity value (any one of the strain,
elasticity modulus, etc.) and the opacity corresponding to the
respective points, and constructs a 3-dimensional elastic
image.

[0097] Further, the RF signal frame data in the raster
address of “1017~“150” can be stored in storage media 200
and storage media 201 for constructing a 3-dimensional elas-
tic image.

[0098] As described above, in accordance with the present
embodiment, a 3-dimensional elastic image can be con-
structed while being connected to the 3-dimensional elastic
image of the raster address acquired previous time.

Third Embodiment
Region of Interest (Manual)

[0099] Next, the third embodiment will be described refer-
ring to FIG. 1~FIG. 8. The difference from the first embodi-
ment and the second embodiment is that the 3-dimensional
elastic image is constructed from the elastic image that falls
under the set region of interest.

[0100] First, as shown in FIG. 2(b), region of interest 42 is
set by input unit 30 on black and white 3-dimensional tomo-
graphic image 40 having any frame number out of “1”~“n”
constructed by black and white 3-dimensional tomographic
image constructing unit 11. In concrete terms, as shown in
FIG. 7, region of interest 42 is determined using a button of
input unit 30 after tracking a shape such as a circle, oval or
rectangle using a trackball of input unit 30.

[0101] Then controller 31 informs the address (coordinate)
of the border (dashed line part) of region of interest 42 to RF
signal frame data storing unit 20. RF signal frame data storing
unit 20 stores the RF signal frame data within the border of
region of interest 42 in storage media 200 and storage media
201.
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[0102] Then as shown in FIG. 4, RF signal frame data
selecting unit 21 selects the RF signal frame data within the
border of region of interest 42 having the same frame num-
bers “1”~“n" as the one stored in storage media 200 and
storage media 201 of RF signal frame data storing unit 20
respectively, and executes a series of processing in displace-
ment calculating unit 22, elasticity information calculating
unit 23, elastic image constructing unit 24 and elasticity scan
converter 25 as in the first embodiment.

[0103] FIGS. 8(a) and (b) show the pattern that the RF
signal frame data of frame numbers “1”~“n” in A-direction
and B-direction is read out from storage media 200 and stor-
age media 201, and FIG. 8(c) shows the condition that the
2-dimensional elastic image data of frame numbers “1”~*n”
is stored in 2-dimensional elastic image storing unit 26. In the
present embodiment, the 2-dimensional elastic image data
within the border of region of interest 42 is stored in 2-dimen-
sional elastic image storing unit 26.

[0104] Then elastic volume data generating unit 27 gener-
ates elastic volume data from plural sets of 2-dimensional
elastic image data within the border of region of interest 42. It
reads out the 3-dimensional elastic image data for the portion
of n-frame stored in 2-dimensional elastic image storing unit
26, and generates elastic volume data by sequentially dispos-
ing the data for each scan plane. In this manner, the elastic
volume data within the border of region of interest 42 for the
rendering which is the collection of 2-dimensional elastic
image data in an object is constructed. 3-dimensional elastic
image constructing unit 28 acquires image information in
each point of the elastic volume data from the elasticity value
(any one of strain, elasticity modulus, etc.) and the opacity
corresponding to the respective points, and constructs a 3-di-
mensional elastic image. FIG. 8(c) shows the synthetic image
in which the color 3-dimensional elastic image in region of
interest 42 and the black and white 3-dimensional tomo-
graphic image are synthesized by switching and synthesizing
unit 12.

[0105] As described above, in accordance with the present
embodiment, it is possible to construct a 3-dimensional elas-
tic image in region of interest 42. Also, by calculating elas-
ticity of each frame by narrowing down the area to region of
interest 42, elasticity calculation time can be shortened.

Fourth Embodiment
ROI (Elasticity Information)

[0106] Next, the fourth embodiment will be described
referring to FIGS. 1~11. The difference from the first~third
embodiments is that the region of interest 50 or region of
interest 70 is set using elasticity information and a 3-dimen-
sional elastic image is constructed from the elasticity infor-
mation of the set region of interest.

[0107] (Elasticity Modulus)

[0108] First, as shown in FIG. 9, the range of elasticity
modulus desired to be extracted as region of interest 50 is set
via input unit 30. Here, elasticity modulus is exemplified for
explanation, but region of interest 50 may be set using strain
or viscosity, etc.

[0109] Asshown in FIG. 9(a), the range of elasticity modu-
lus 1s set, for example as more or equal to “a” using input unt
30. The range of elasticity modulus may be set as more or
equal to “a” and less or equal to “b”. The “a” and “b” here are
positive integers. Controller 31 causes elasticity information
calculating unit 23 to specify the range where elasticity
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modulus is more or equal to “a” from the elasticity informa-
tion corresponding to each point (coordinate) of frame num-
bers “1”~“n”. As shown in FIG. 9(b), region of interest 50
having the elasticity modulus of more or equal to “a” is set to
each frame having frame numbers “1”~“n".

[0110] (2 ROI Ratios)

[0111] Also, region of interest 70 may be set using the ratio
of strain. As shown in FIG. 10(a), ultrasonic probe 2 is pro-
vided with pressing board 60 for pressing object 1 and refer-
ence deformable body 62 on the surface of pressing board 60.
Reference deformable body 62 is formed by oil-based gel
material, water-based gel material such as acrylamide, or
silicon, etc.

[0112] Strain ratio in each point inside of object 1 is calcu-
lated based on the strain of reference deformable body 62. In
concrete terms, as shown in FIG. 10(b), image region 66 of
reference deformable body 62 is displayed in a tissue region
nearest to ultrasonic probe 2 on an elastic image. Also, elastic
image 64 in the respective tissues 1~5 is displayed on the
lower part of reference deformable body 62. Reference region
68 is set on image region 66 of reference deformable body 62
via input unit 30. Then controller 31 causes elasticity infor-
mation calculating unit 23 to calculate the strain ratio. Elas-
ticity information calculating unit 23 obtains the ratio (index
value R, ;) between strain €, ; in each point i) and reference
strain €, by the equation below.

R, edey; [Equation 4]

[0113] Then elasticity information calculating unit 23
extracts the region having index value R; ; which exceeds the
reference value. The reference value can be arbitrarily set by
input unit 30. Elasticity information calculating unit 23 sets
the region having index value R, which exceeds the reference
value as region of interest 70.

[0114] Also, elasticity information calculating unit 23 is
capable of estimating the approximate elasticity modulus of
the biological tissue in each point by measuring the elasticity
modulus of reference deformable body 62 in advance. Elas-
ticity information calculating unit 23 may set region of inter-
est 70 based on the estimated elasticity modulus.

[0115] Then controller 31 informs the address (coordinate)
of region ofinterest 50 or region of interest 70 set as described
aboveto RF signal frame data storing unit 20. RF signal frame
data storing unit 20 stores the RF signal frame data of region
of interest 50 or region of interest 70 in storage media 200 and
storage media 201.

[0116] Then as shown in FIG. 4, RF signal frame data
selecting unit 21 selects the RF signal frame data in region of
interest 50 or region of interest 70 having the same frame
numbers “1”~“n” stored in storage media 200 and storage
media 201 of RF signal frame data storing unit 20 respec-
tively, and executes a series of processing in displacement
calculating unit 22, elasticity information calculating unit 23,
elastic image constructing unit 24 and elasticity scan con-
verter 25 as in the first embodiment.

[0117] FIGS. 11(a) and (b) show the pattern that the RF
signal frame data in A-direction and B-direction having the
frame numbers “1”~“n” is readout from storage media 200
and storage media 201, and FIG. 11(c) shows the condition
that the 2-dimensional elastic image data of frame numbers
“1”~“n”is stored in 2-dimensional elastic image storing unit
26. In the present embodiment, the 2-dimensional elastic
image data in region of interest 50 or region of interest 70 is
stored in 2-dimensional elastic image storing unit 26.
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[0118] Then elastic volume data generating unit 27 gener-
ates elastic volume data from plural sets of 2-dimensional
elastic image data in region of interest 50 or region of interest
70. It reads out the 2-dimensional elastic image data for the
portion of n-frame stored in 2-dimensional elastic image stor-
ing unit 26, and generates elastic volume data by sequentially
disposing the data for each scan plane. In this manner, the
elastic volume data in region of interest 50 or region of intet-
est 70 for the rendering which is the collection of 2-dimen-
sional elastic image data in the object is constructed. 3-di-
mensional elastic image constructing unit 28 acquires image
information of each point in the elastic volume data from the
elasticity value (any one of the strain, elasticity modulus, etc.)
and the opacity corresponding to the respective points, and
constructs a 3-dimensional elastic image.

[0119] As described above, in accordance with the present
embodiment, it is possible to construct a 3-dimensional elas-
tic image in region of interest 50 or region of interest 70 set by
elasticity information.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0120] 1:object, 2: ultrasonic probe, 3: transmission unit, 4:
reception unit, 5: ultrasonic transmission/reception control-
ler, 6: phasing and adding unit, 7: tomographic image con-
structing unit, 8: black and white scan converter, 9: 2-dimen-
sional tomographic image storing unit, 10: black and white
volume data generating unit, 11: black and white 3-dimen-
sional tomographic image constructing unit, 12: switching
and adding unit, 13: image display unit, 20: RF signal frame
data storing unit, 21: RF signal frame data selecting unit, 22:
displacement calculating unit, 23: elasticity information cal-
culating unit, 24: elastic image constructing unit, 25: color
scan converter, 26: 2-dimensional elastic image storing unit,
27: elastic volume data generating unit, 28: color 3-dimen-
sional elastic image constructing unit

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe having transducers that transmit and
receive ultrasonic waves;

atransmission unit configured to transmit ultrasonic waves
to an object to be examined via the ultrasonic probe;

a reception unit configured to receive the reflected echo
signals from the object;

an RF signal frame data storing unit configured to store a
predetermined range of the RF signal frame data based
on the reflected echo signals received by the reception
unit;

an RF signal frame data selecting unit configured to select
the predetermined range of RF signal frame data stored
in the RF signal frame data storing unit;

an elasticity information calculating unit configured to cal-
culate strain or elasticity modulus from the predeter-
mined range of RF signal frame data;

a3-dimensional elastic image constructing unit configured
to construct a 3-dimensional elastic image based on the
calculated strain or elasticity modulus; and

adisplay unit configured to display the 3-dimensional elas-
tic image.
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2. The ultrasonic diagnostic apparatus according to claim
1, wherein the predetermined range of RF signal frame data is
set on the basis of the set range of a raster address of the
ultrasonic wave.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein the predetermined range of RF signal frame data is
set on the basis of a region of interest set on the display unit.

4. The ultrasonic diagnostic apparatus according to claim

3, further comprising an input unit configured to input the
region of interest.

5. The ultrasonic diagnostic apparatus according to claim

3, wherein the region of interest is set on the basis of the strain
or elasticity modulus.

6. The ultrasonic diagnostic apparatus according to claim

3, wherein the region of interest is set on the basis of a ratio of
the strain.

7. The ultrasonic diagnostic apparatus according to claim

1, wherein the ultrasonic probe is configured so that a trans-
ducer tilts in the direction orthogonal to the array direction of
the plurality of transducers forming a rectangle or fan-shaped
ultrasonic transmitting/receiving plane.

8. The ultrasonic diagnostic apparatus according to claim

7, wherein the ultrasonic probe has a position sensor that
measures the tilt of the transducer, and outputs the tilt of the
transducer as a frame number.

9. The ultrasonic diagnostic apparatus according to claim

1, wherein the RF signal frame data storing unit comprises
storage media configured to store a series of RF signal frame
data to be scanned in one direction along with the frame
number corresponding to the tilt of the transducer.

10. The ultrasonic diagnostic apparatus according to claim

9, wherein the RF signal frame data selecting unit selects the
RF signal frame data having the same frame number stored in
the RF signal frame data storing unit respectively.

11. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

a tomographic image constructing unit configured to con-
struct tomographic image data from the RF signal frame
data;

a tomographic volume data generating unit configured to
generate tomographic volume data from plural sets of
the tomographic image data; and

a 3-dimensional elastic image constructing unit configured
to construct a 3-dimensional elastic image from the
tomographic image data.

12. An ultrasonic image display method including:

a step of transmitting/receiving ultrasonic waves to/from
an object to be examined,

a step of storing a predetermined range of RF signal frame
data based on the reflected echo signal received by the
reception unit;

a step of selecting at least two sets of RF signal frame data
in a predetermined range stored in the RF signal frame
data storing unit;

astep of calculating strain or elasticity modulus from a part
of the selected predetermined range of RF signal frame
data; and

a step of constructing a 3-dimensional elastic image based
on the calculated strain or elasticity modulus.

* ok % %k %
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