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(54) ULTRASONOGRAPHIC DEVICE

(57) An ultrasonic diagnostic apparatus that can dis-
play various information obtained by acquiring an elas-
ticity image in association with the elasticity image or a
biometric simulation image is implemented. The ultra-
sonic diagnostic apparatus 1 of this invention generates
an elasticity image representing hardness or softness of
a tissue at a cross-sectional site on the basis of a pair of
RF signal frame data which are obtained by transmitting/
receiving ultrasonic wave to/from an object 10 and dif-

ferent in acquisition time, and also generates a biometric
simulation image 85 simulating the object. Display control
means displays on a display unit an elasticity mark 101
gradated in accordance with hardness or softness of a
tissue of interest (tumor) in a set area of an acquired
elasticity image on a real-time basis or after the elasticity
mark 101 is temporarily recorded in a memory while su-
perimposing the elasticity mark 101 at a position on the
biometric simulation image 85 at which the elasticity im-
age is acquired.
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Description

Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus, and specifically to an ultrasonic
diagnostic apparatus for displaying on a display unit var-
ious information which are obtained by picking up an elas-
ticity image representing hardness or softness of a tissue
of an object.

Background Art

[0002] An ultrasonic diagnostic apparatus is used to
transmit an ultrasonic wave into an object through an
ultrasonic probe, receive a reflection echo signal of the
ultrasonic wave corresponding to the structure of a bio-
medical tissue from the inside of the object and generate
an image such as an ultrasonic tomographic image or
the like for diagnosis, for example.
[0003] It has been recently executed to acquire RF sig-
nal frame data while an object is pressed through an ul-
trasonic probe by a manual or mechanical method, a dis-
placement of each part of a living body occurring due to
the press is determined on the basis of a pair of RF signal
frame data which are different in acquisition time and an
elasticity image representing hardness or softness of a
biomedical tissue is generated or acquired on the basis
of the displacement data as described in Patent Docu-
ment 1.
[0004] It is described in a cited document 2 that a to-
mographic image of an object is displayed and a probe
mark representing a scan position of a probe is displayed
and superimposed at a position on an illustration (body
mark) image simulating a living body at which the tomo-
graphic image is acquired. If the tomographic image and
the biometric simulation image on which the probe mark
is superimposed are recorded in association with each
other, the tomographic image and the examination site
at which the tomographic image is acquired can be easily
associated with each other after ultrasonic diagnosis.

Patent Document 1: JP-A-2000-060853
Patent document 2: JP-A-2007-202829

Disclosure of the Invention

Problem to be Solved by the Invention

[0005] However, the technique described in the patent
document 2 takes it into no consideration that various
information obtained by acquiring an elasticity image is
displayed in association with an image such as the elas-
ticity image, a biometric simulation image or the like.
[0006] That is, in a process of acquiring an elasticity
image, information useful to diagnosis such as informa-
tion representing a condition under which the elasticity
image concerned is acquired, etc. can be obtained in

addition to elasticity information representing hardness
or softness of a tissue. Therefore, such information is
displayed while properly associated with an image such
as the elasticity image, or a biometric simulation image,
whereby these information may be effectively and prac-
tically used for diagnosis.
[0007] Therefore, the present invention has an object
to implement an ultrasonic diagnostic apparatus that can
display various information obtained by acquiring an
elasticity image while the information concerned is asso-
ciated with the elasticity image or a biometric simulation
image.

Means of solving the Problem

[0008] In order to attain the above object, an ultrasonic
diagnostic apparatus according to the present invention
is characterized by comprising: an ultrasonic probe that
transmits/receives an ultrasonic wave from/to an object;
phasing and summing means that generates RF signal
frame data of a cross-sectional site of the object on the
basis of a reflection echo signal measured by the ultra-
sonic probe; elasticity image constructing means that
generates an elasticity image representing hardness or
softness of a tissue of the cross-sectional site on the basis
of a pair of RF signal frame data acquired at different
times; cross-sectional site information generating means
that generates cross-sectional site information contain-
ing position information of the cross-sectional site at
which the elasticity image is measured; and display con-
trol means that controls to display on a display unit the
elasticity image generated by the elasticity image con-
structing means and the cross-sectional site information
generated by the cross-sectional site information gener-
ating means while the elasticity image and the cross-
sectional site information are associated with each other.
[0009] As described above, by displaying the elasticity
image and the cross-sectional site information in asso-
ciation with each other, an examiner or the like who picks
up an ultrasonic wave image can grasp a cross-sectional
site of an object at which the elasticity image concerned
is generated.
[0010] Furthermore, the cross-sectional site informa-
tion contains gradation information based on hardness
or softness of a tissue, and thus the gradation information
on hardness or softness in a set area of the elasticity
image can be grasped. Accordingly, it may be effectively
and practically used for diagnosis.
[0011] Furthermore, it is preferable that biometric sim-
ulation image generating means for generating a biomet-
ric simulation image which simulates the object is pro-
vided and the display control means is configured to dis-
play the biometric simulation image while superimposing
the cross-sectional site information on the biometric sim-
ulation image.
[0012] Still furthermore, it is preferable that the cross-
sectional site information is set to a simulation mark as
at least one of an elasticity image acquiring mark repre-
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senting a cross-sectional site at which an elasticity image
is acquired, and an elasticity mark which is gradated in
accordance with hardness or softness of a tissue in a set
area of the acquired elasticity image, and the simulation
mark is superimposed on the biometric simulation image
and displayed on the display unit on a real-time basis or
after temporarily recorded in a memory.
[0013] That is, an examiner who picks up an ultrasonic
image, a diagnosing person who checks a temporarily-
recorded image to make a diagnosis, etc. can visually
check through the biometric simulation image by the su-
perimposed display of the elasticity image acquiring mark
where an elasticity image is acquired in the object. Fur-
thermore, by the superimposed display of the elasticity
mark, elasticity information of a set area in the cross-
sectional site at which the elasticity image is acquired,
that is, a tissue of interest can be simply grasped through
the biometric simulation image.
[0014] Furthermore, for example, if an examiner picks
up all elasticity images of an object and a biometric sim-
ulation image having elasticity marks superimposed ther-
eon is recorded, it can be easily determined which site
of the object should be examined minutely when a diag-
nosing person checks the biometric simulation image.
That is, the elasticity marks are gradated with hue, nu-
merical values or the like, and thus a site at which a dis-
eased tissue may exist because it is relatively hard can
be grasped on the biometric simulation image at a glance.
Then, ultrasonic images are picked up again to make a
minute examination as occasion demands, thereby mak-
ing a diagnosis and determining a treatment policy.
[0015] The display control means of the ultrasonic di-
agnostic apparatus according to the present invention
may be configured so that a simulation mark is succes-
sively displayed so as to be superimposed on a biometric
simulation image every time an elasticity image is ac-
quired while simulation marks superimposed in the past
are left on the biometric simulation image. For example,
a simulation mark is superimposedly displayed with all
simulation marks being left every time an elasticity image
is acquired during a process of picking up ultrasonic im-
ages by the examiner, whereby a site at which the image
is acquired can be grasped at a glance. Therefore, a de-
sired image can be prevented from being omitted.
[0016] Furthermore, it is desired that an elasticity im-
age corresponding to a simulation mark superimposed
on a biometric simulation image is recorded in a memory
in association with the simulation mark, and also when
a simulation mark is selected through an interface, the
display control means displays the elasticity image as-
sociated with the selected simulation mark.
[0017] Likewise, when an elasticity image correspond-
ing to a simulation mark is acquired, an output transition
detected by a pressure sensor provided to a contact face
of the ultrasonic probe to the object may be recorded in
a memory in association with the simulation mark con-
cerned, and when a simulation mark is selected through
an interface, at least one of the output transition of the

pressure sensor associated with the selected simulation
mark, an average amplitude of pressure determined from
the output transition of the pressure sensor and an av-
erage value of pressure determined from the output tran-
sition of the pressure sensor may be displayed.
[0018] Accordingly, the diagnosing person selects a
simulation mark on a biometric simulation image of inter-
est while checking the biometric simulation image tem-
porarily recorded in the memory, whereby an elasticity
image at the cross-sectional site can be displayed or a
pressure condition under which the elasticity image is
acquired can be displayed. As described above, by sup-
plying the diagnosing person with multiple information,
the diagnosing person can check elasticity images to ob-
tain more detailed information or acquire an elasticity im-
age with excellent reproducibility again in consideration
of the displayed pressure condition, so that this invention
can be effectively and practically used for diagnosis.

Effect of the Invention

[0019] According to the present invention, there can
be implemented an ultrasonic diagnostic apparatus that
can display various information obtained by acquiring an
elasticity image while associating the information con-
cerned with the elasticity image or a biometric simulation
image.

Brief Description of the Invention

[0020]

[Fig. 1] Fig. 1 is a block diagram showing the overall
construction of an ultrasonic diagnostic apparatus
according to an embodiment.
[Fig. 2] Fig. 2 is a diagram showing a first embodi-
ment of tissue displacement detection.
[Fig. 3] Fig. 3 is a diagram showing a second em-
bodiment of tissue displacement detection.
[Fig. 4] Fig. 4 is a diagram showing a third embodi-
ment of tissue displacement detection.
[Fig. 5] Fig. 5 is a diagram showing a fourth embod-
iment of tissue displacement detection.
[Fig. 6] Fig. 6 is a diagram showing a fifth embodi-
ment of tissue displacement detection.
[Fig. 7] Fig. 7 is a flowchart showing the whole op-
eration of the ultrasonic diagnostic apparatus and an
operation of generating and displaying an elasticity
image acquiring mark while superimposing the elas-
ticity image acquiring mark on a biometric simulation
image.
[Fig. 8] Fig. 8 is a diagram showing a first embodi-
ment of display.
[Fig. 9] Fig. 9 is a diagram showing a second em-
bodiment of display.
[Fig. 10] Fig. 10 is a flowchart showing the whole
operation of the ultrasonic diagnostic apparatus and
an operation of generating and displaying an elas-
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ticity mark while superimposing the elasticity mark
on a biometric simulation image.
[Fig. 11] Fig. 11 is a diagram showing a third embod-
iment of display.
[Fig. 12] Fig. 12 is a diagram showing a detailed elas-
ticity mark generating method.
[Fig. 13] Fig. 13 is a diagram showing a fourth em-
bodiment of display.
[Fig. 14] Fig. 14 is a diagram showing a fifth embod-
iment of display.
[Fig. 15] Fig. 15 is a diagram showing a sixth em-
bodiment of display.
[Fig. 16] Fig. 16 is a diagram showing a seventh em-
bodiment of display.
[Fig. 17] Fig. 17 is a diagram showing an eighth em-
bodiment of display.
[Fig. 18] Fig. 18 is a diagram showing a ninth em-
bodiment of display.

Description of Reference Numerals

[0021] 1 ultrasonic diagnostic apparatus, 10 object, 12
ultrasonic probe, 18 phasing and summing unit, 20 tom-
ographic image constructing unit, 28 RF frame data se-
lecting unit, 30 displacement measuring unit, 32 elasticity
information calculating unit, 34 elasticity image con-
structing unit, 42 interface unit, 48 position information
sensor, 50 coordinate calculating unit, 51 tissue displace-
ment detecting unit, 52 mark generating unit, 54 biometric
simulation image constructing unit, 56 memory, 65, 66
chasing point, 67 measured value of displacement, 70,
71 RF signal frame data, 73 measured value of pressure,
74 tissue displacement detecting switch, 85 biometric
simulation image, 86 elasticity image acquiring mark, 87
pressure state display, 101 elasticity mark, 102 elasticity
scale bar, 150 press mark, 160 blood flow mark, 161
blood flow scale bar

Best Mode for Carrying Out the Invention

[0022] An embodiment of an ultrasonic diagnostic ap-
paratus to which the present invention is applied will be
described. In the following description, parts having the
same functions are represented by the same reference
numerals, and duplicative description thereof is omitted.
[0023] Fig. 1 is a block diagram showing the overall
construction of an ultrasonic diagnostic apparatus ac-
cording to the embodiment. As shown in Fig. 1, an ultra-
sonic diagnostic apparatus 1 is equipped with an ultra-
sonic probe 12 which is used in contact with an object
10, a transmitting unit 14 for repetitively transmitting ul-
trasonic waves to the object 10 through the ultrasonic
probe 12 at a time interval, a receiving unit 16 for receiving
time-series reflection echo signals occurring from the ob-
ject 10, a transmission/reception control unit 17 for con-
trolling the transmitting unit 14 and the receiving unit 16,
and a phasing and summing unit 18 for phasing and sum-
ming reflection echoes received by the receiving unit 16.

[0024] Furthermore, there are provided a tomographic
image constructing unit 20 for constructing a grayscale
tomographic image such as a monochromatic tomo-
graphic image of the object on the basis of RF signal
frame data from the phasing and summing unit 18, and
a monochromatic scan converter 22 for converting an
output signal of the tomographic image constructing unit
20 so that the converted output signal is matched with a
display of an image display unit 26.
[0025] There are further provided an RF frame data
selecting unit 28 for storing the RF signal frame data out-
put from the phasing and summing unit 18 and selecting
at least two frame data, a displacement measuring unit
30 for measuring a displacement of a biometric tissue of
the object 10, an elasticity information calculating unit 32
for determining distortion or elasticity modulus from dis-
placement information measured by the displacement
measuring unit 30, an elasticity image constructing unit
34 for constructing a color elasticity image from the dis-
tortion or the elasticity modulus calculated by the elas-
ticity information calculating unit 32, and a color scan
converter 36 for converting an output signal of the elas-
ticity image constructing unit 34 so that the converted
output signal is matched with display of the image display
unit 26.
[0026] There are further provided an image control unit
44 for outputting various kinds of control signals to the
respective parts constituting the ultrasonic diagnostic ap-
paratus, and an interface unit 42 for receiving an instruc-
tion from an examiner and outputs the instruction to the
image control unit 44.
[0027] Here, the ultrasonic diagnostic apparatus 1 will
be described in detail. The ultrasonic probe 12 is formed
by arranging plural transducers, and it has a function of
transmitting/receiving ultrasonic waves through the
transducers to/from the object 10. The transmitting unit
14 has a function of driving the ultrasonic probe 12 to
generate a wave-transmission pulse for generating an
ultrasonic wave and also setting a convergence point of
the ultrasonic wave to be transmitted to some depth. The
receiving unit 16 amplifies the reflection echo signal re-
ceived by the ultrasonic probe 12 with a predetermined
gain to generate an RF signal, that is, a wave-reception
signal. The phasing and summing unit 18 receives the
RF signal amplified by the receiving unit 16 to perform
phase control and forms an ultrasonic beam for one or
plural convergence point(s), thereby generating the RF
signal frame data.
[0028] The tomographic image constructing unit 20 re-
ceives the RF signal frame data from the phasing and
summing unit 18 and executes signal processing such
as gain correction, log compression, wave detection,
edge enhancement, and filter processing to obtain tom-
ographic image data. Furthermore, the monochromatic
scan converter 22 has an A/D converter for converting
tomographic image data from the tomographic image
constructing unit 20 to a digital signal, a frame memory
for storing plural converted tomographic image data in
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time-series, and a control control unit. The monochro-
matic scan converter 22 obtains in-object cross-sectional
frame data stored in the frame memory as one image,
and reads out the obtained cross-sectional frame data
synchronously with TV.
[0029] The RF frame data selecting unit 28 stores plu-
ral RF signal frame data from the phasing and summing
unit 18 and selects a pair of, that is, two RF signal frame
data from the stored RF signal frame data group. For
example, the RF signal frame data generated in time-
series, that is, on the basis of an image frame rate from
the phasing and summing unit 18 are successively stored
into the RF frame data selecting unit 28, the stored RF
signal frame data (N) is selected as first data and at the
same time one RF signal frame data (X) is selected from
RF signal frame data group (N-1, N-2, N-3, ..., N-M) which
were stored in the past. Here, N, M and X represent index
numbers affixed to the RF signal frame data, and set to
natural numbers.
[0030] The displacement measuring unit 30 executes
one-dimensional or two-dimensional correlation
processing on the selected one pair of data, that is, the
RF signal frame data (N) and the RF signal frame data
(X) to determine a one-dimensional or two-dimensional
displacement distribution concerning the displacement
and moving vector, that is, the direction and magnitude
of the displacement of a biometric tissue which corre-
sponds to each point of a tomographic image. Here, a
block matching method is used to detect the moving vec-
tor. The block matching method is defined as the process-
ing of dividing an image into blocks each of which com-
prises NXNpixels, noting a block in an area of interest,
searching from a previous frame a block which is most
approximate to the block being noted, and refers to the
searched block to determine a sample value through pre-
dictive coding, that is, differential calculation.
[0031] The elasticity information calculating unit 32
calculates the distortion and the elasticity modulus of a
biometric tissue corresponding to each point on a tomo-
graphic image from a measured value output from the
displacement measuring unit 30, for example, a moving
vector and a pressure value output from a pressure
measuring unit 46, and generates an elasticity image sig-
nal, that is, elasticity frame data on the basis of the dis-
tortion and the elasticity modulus.
[0032] At this time, the data of the distortion are calcu-
lated by spatially differentiating a moving amount, for ex-
ample, a displacement of the biometric tissue. The data
of the elasticity modulus is calculated by dividing the var-
iation of pressure by the variation of distortion. For ex-
ample, when the displacement measured by the dis-
placement measuring unit 30 is represented by L(X) and
the pressure measured by the pressure measuring unit
46 is represented by P(X), the distortion ∆S(X) can be
calculated by spatially differentiating L(X), and thus it can
be determined by using the mathematical expression of
∆S(X) = ∆L(X)/∆X. Furthermore, Young’s modulus Ym
(X) of the elasticity modulus data is calculated according

to the mathematical expression of Ym = (∆P(X)) /∆S(X).
The elasticity modulus of a biometric tissue correspond-
ing to each point of a tomographic image is determined
from the Young’s modulus Ym, and thus two-dimensional
elasticity image data can be continuously obtained. The
Young’s modulus represents the ratio of simple tension
stress applied to an object to strain occurring in parallel
to the tension.
[0033] The elasticity image constructing unit 34 is con-
figured to contain a frame memory and an image proc-
essor, and it secures elasticity frame data output in time-
series from the elasticity information calculating unit 32
into the frame memory and executes image processing
on the thus-secured frame data.
[0034] The color scan converter 36 has a function of
adding hue information to the elasticity frame data from
the elasticity image constructing unit 34. That is, it per-
forms conversion to three primary colors of light, that is,
red(R), green(G) and blue(B) on the basis of the elasticity
frame data. For example, elasticity data having large dis-
tortion is converted to a red color code and elasticity data
having small distortion is converted to a blue color code.
[0035] A switching adder 24 is configured to have a
frame memory, an image processor and an image se-
lecting unit. The frame memory stores tomographic im-
age data from the monochromatic scan converter 22,
elasticity image data from the color scan converter 36,
and image data output from a biometric simulation image
control unit 44 described later. Furthermore, the image
processor has a function of combining the tomographic
image data and the elasticity image data secured in the
frame memory with changing the composite rate. Bright-
ness information and hue information of each pixel of a
composite image are obtained by adding respective in-
formation of a monochromatic tomographic image and a
color elasticity image in the composite rate. Furthermore,
the image selecting unit selects an image to be displayed
on the image display unit 26 from the tomographic image
data and the elasticity image data in the frame memory,
composite image data of the image processor and bio-
metric simulation image data.
[0036] Next, a feature portion of the ultrasonic diag-
nostic apparatus according to this embodiment will be
described. The probe 12 is provided with a position in-
formation sensor 48 such as a magnetic sensor, an an-
gular velocity sensor, or an infrared sensor, for example.
Furthermore, there are also provided a coordinate cal-
culating unit 50 for calculating a three-dimensional coor-
dinate position of the probe on the basis of outputs of the
position information sensor 48, a tissue displacement de-
tecting unit 51 for detecting that the tissue of the cross-
sectional site of the object is displaced and a mark gen-
erating unit 52 for generating an elasticity image acquir-
ing mark, an elasticity mark or the like on the basis of an
output of the coordinate calculating unit 50 and an output
of the tissue displacement detecting unit 51.
[0037] Furthermore, there are also provided a biomet-
ric simulation image constructing unit 54 for generating
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a biometric simulation image such as an illustration, or a
photograph which illustrates the object and superimpos-
ing a simulation mark generated in the mark generating
unit 52 such as the elasticity image acquiring mark or the
elasticity mark gradated in accordance with hardness or
softness of a tissue in a set area of the elasticity image
at a position on the biometric simulation image at which
the elasticity image is acquired, and a memory 56 for
storing information such as position information, and
elasticity information of the cross-sectional site of the ob-
ject at which the elasticity image is acquired.
[0038] Next, each embodiment of the tissue displace-
ment detecting unit 51 for detecting that the tissue of the
cross-sectional site of the object is displaced will be de-
scribed.

(First Embodiment of Tissue Displacement Detection)

[0039] This embodiment is applied to a case where a
pressing/releasing operation is executed on an object by
using a probe to generate an elasticity image. For exam-
ple, when an elasticity image is generated while the
press/release operation is repetitively executed so as to
induce a minute distortion variation from a state that the
probe is pressed against the object to apply a fixed stress
to the object, a signal detected by the position information
sensor 48 mounted on the probe is input to the coordinate
calculating unit 50, and divisionally processed on three-
dimensional coordinate axes of X-axis, Y-axis and Z-axis
as shown in Fig. 2 in the coordinate calculating unit 50.
Fig. 2 is a diagram showing an example of variation of
the coordinate position of the probe on each coordinate
axis of the X-axis, the Y-axis and the Z-axis of the three-
dimensional coordinate of the probe, which is output from
the coordinate calculating unit 50.
[0040] In this embodiment, a coordinate 61 of the X-
axis and a coordinate 62 of the Y-axis are substantially
fixed and thus they are not displaced. A coordinate 63 of
the Z-axis is periodically displaced vertically. The tissue
displacement detecting unit 51 monitors the output from
the coordinate calculating unit 50, and detects periodical
variation of the coordinate position of the probe on the
Z-axis as in the case of this embodiment, whereby it is
determined that the probe periodically moves, that is, it
executes the periodical press/release on the object. Ac-
cordingly, it can be automatically detected that the tissue
of the cross-sectional site is displaced, so that it can be
detected that a proper elasticity image can be acquired.
[0041] This embodiment is based on the assumption
that the probe is substantially vertically pressed/released
against/from the object lying down on his/her bed, and
thus the coordinate of the probe periodically varies in
only the Z-axis direction. Accordingly, the coordinate var-
ied axis is variously varied in accordance with how to set
the three coordinate axes. For example, there may be
considered a case where periodical variation appears on
any only one of the three coordinate axes, a case where
periodical variation appears on any two axes and a case

where periodical variation appears on all the three axes.
In short, when periodical coordinate variation is detected
with respect to any coordinate axis corresponding to at
least the displacement direction of the tissue out of the
three coordinate axes, it can be detected that a proper
elasticity image can be acquired.

(Second Embodiment of Tissue Displacement Detection)

[0042] This embodiment is applicable to both a case
where an elasticity image is generated by executing the
press/release operation on an object with a probe and a
case where an elasticity image is generated by utilizing
application of periodical pressure variation to a tissue
due to beat or the like of an object.
[0043] In this embodiment, chasing points 65 and 66
are first set on the generated tomographic image as
shown at the left side of Fig. 3. With respect to the setting
of the chasing points, an examiner may display a tomo-
graphic image on the image display unit 26 and set the
chasing points through the interface unit 42, or any plural
chasing points on the tomographic image may be auto-
matically set.
[0044] Subsequently, the chasing points 65 and 66 are
tracked according to various methods such as the block
matching method by using the displacement measuring
unit 30 or the like to determine a destination. The tissue
displacement detecting unit 51 measures the displace-
ment of the distance in the direction corresponding to the
displacement direction of the tissue between the chasing
points 65 and 66. For embodiment, in this embodiment,
the tissue is displaced in the vertical direction. In this
case, ameasuredvalue 67 of the displacement varies pe-
riodically as shown at the right side of Fig. 3. The tissue
displacement detecting unit 51 detects this periodical var-
iation, whereby it can detect the displacement of the tis-
sue of the cross-sectional site.
[0045] Furthermore, in this embodiment, thetwochas-
ingpoints are set. However, the number of chasing points
is not limited to this value, and three or more chasing
points may be set. In addition, the displacement of the
distance between any two points is measured, and peri-
odical variation of the measured value of the displace-
ment may be detected. Furthermore, for example, the
chasing point of one point may be set without using the
distance between chasing points, and periodical varia-
tion in the direction corresponding to the displacement
direction of the tissue at the position of the chasing point
may be detected, whereby the displacement of the tissue
of the cross-sectional site can be detected.
[0046] This embodiment is particularly effective to a
tissue in which internal pressure varies such as a heart,
or a blood vessel and a case where a stable elasticity
image is more easily acquired by using motion of a body.
That is, in this case, since no press is applied from the
body surface by the probe, the probe position is fixed and
thus the probe position does not move. However, if the
displacement in the direction corresponding to the dis-
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placement direction of the tissue at the chasing point on
the tomographic image is periodical, it could be detected
that the tissue of the cross-sectional site is displaced,
and thus this embodiment is effective.

(Third Embodiment of Tissue Displacement Detection)

[0047] This embodiment is applied to both of a case
where an elasticity image is generated by executing the
press/release operation on an object with a probe and a
case where an elasticity image is generated by utilizing
application of periodical pressure variation to a tissue
due to beat or the like of an object.
[0048] In this embodiment, as shown at the left side of
Fig. 4, cross-correlation calculation of a pair of RF signal
frame data 70 and 71 selected by the RF frame data
selecting unit 28 is executed in the displacement meas-
uring unit 30 functioning as correlation calculating means
and then input to the tissue displacement detecting unit.
The tissue displacement detecting unit 51 detects the
displacement of the tissue of the cross-sectional site on
the basis of a calculated correlation coefficient (correla-
tion value). That is, the tissue displacement detecting
unit 51 monitors the correlation coefficient input from the
correlation calculating means, and detects the displace-
ment of the tissue of the cross-sectional site when the
correlation coefficient is larger than a preset threshold
value as shown at the right side of Fig. 4.
[0049] This embodiment utilizes that when the probe
is properly moved to obtain a tomographic image, the
correlation coefficient of the pair of RF signal frame data
is relatively low, however, when an elasticity image is
generated while the press/release operation is executed
on the object by using the probe or when an elasticity
image is generated by using pressure variation due to
beat or the like of the object, the correlation value is rel-
atively high. That is, when a proper press is obtained or
a proper displacement can be detected, the correlation
degree between the RF signal frame data is enhanced.
Therefore, by detecting this, it can be detected that the
tissue of the cross-sectional site is displaced and also an
elasticity image is acquired.
[0050] However, for example when an image of a
cross-sectional site at which no variation occurs in the
internal pressure of the tissue is picked up and also the
probe position is fixed, the pair of RF signal frame data
are substantially coincident with each other and the cor-
relation coefficient therebetween indicates a substantial-
ly upper limit (for example, 1.0). Accordingly, such a case
can be properly excluded from the detection of the tissue
displacement.

(Fourth Embodiment of Tissue Displacement Detection)

[0051] This embodiment is applied to both of a case
where an elasticity image is generated by executing the
press/release operation on an object with a probe and a
case where an elasticity image is generated by utilizing

application of periodical pressure variation to a tissue
due to beat or the like of an object.
[0052] When the pressure measuring unit 46 is provid-
ed as in the case of the ultrasonic diagnostic apparatus
of this embodiment, the tissue displacement detecting
unit 51 takes in the measured value of the pressure meas-
uring unit 46, and detects the displacement of the tissue
of the cross-sectional site on the basis of the periodical
variation of a measured value 73 of pressure as shown
in Fig. 5.
[0053] In each of the case where the press/release op-
eration is executed by the probe and the case where the
variation of the internal pressure of the object is used,
the internal pressure varies when the displacement of
the tissue of the cross-sectional site occurs. Therefore,
this embodiment utilizes that this internal pressure vari-
ation is measured by the pressure measuring unit 46.

(Fifth Embodiment of Tissue Displacement Detection)

[0054] In the above embodiments, the displacement
of the tissue is automatically detected by the ultrasonic
diagnostic apparatus to detect the acquisition of the elas-
ticity image, however, the present embodiment is not lim-
ited to these embodiments. For example, according to a
fifth embodiment, an examiner checks the image display
unit 26 on a real-time basis while picking up an elasticity
image, and manually instructs to acquire an elasticity im-
age through the ultrasonic probe 12, the interface unit 42
or the like. The tissue displacement detecting unit 51 de-
tects the acquisition of an elasticity image on the basis
of a signal input through the ultrasonic probe 12 or the
interface unit 42.
[0055] When it is detected on the basis of an instruction
of acquiring an elasticity image by the ultrasonic probe
12 that the elasticity image has been detected, a grip
portion or the like of the ultrasonic probe 12 is provided
with a button-like tissue displacement detecting switch
74 which an examiner can push down as shown in Fig.
6. When the examiner checks the image display unit 26
and determines that a proper elasticity image based on
a proper press is generated, the examiner pushes down
the tissue displacement detecting switch 74. The tissue
displacement detecting unit 51 receives a signal caused
by the push-down, and detects that the tissue of the
cross-sectional site is displaced and an elasticity image
is acquired. The tissue displacement detecting switch is
not limited to the button switch, but it may be any member
which can be freely operated by the Examiner.
[0056] Furthermore, a voice receiving unit such as a
microphone may be provided as the interface unit 42,
and acquisition of an elasticity image is instructed by us-
ing the voice receiving unit, whereby it can be detected
that an elasticity image is acquired. That is, a voice signal
having a predetermined specific phrase is recorded in
the memory in advance, and the tissue displacement de-
tecting unit 51 uses pattern recognition between a voice
signal received by the microphone and the recorded
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voice signal to detect coincidence with or similarity to the
recorded voice signal, whereby the displacement of the
tissue of the cross-sectional site and the acquisition of a
detected elasticity image are detected on the basis of the
reception of the corresponding voice signal by the micro-
phone.
[0057] In this case, in order to prevent an unnecessary
elasticity image from being acquired due to erroneous
voice recognition, it is displayed on the image display
unit 26 that an elasticity image is acquired through voice
recognition, thereby promoting the examiner to deter-
mine by voice or a manual operation whether the acqui-
sition is executed or not.
[0058] The displacement of the tissue of the cross-sec-
tional site is detected by the tissue displacement detect-
ing unit 51 by any one of the embodiments or properly
combining these embodiments. After the displacement
of the tissue of the cross-sectional site is detected, the
biometric simulation image and the simulation mark, etc.
to be superimposed on the biometric simulation image
are displayed on the image display unit 26 by the mark
generating unit 52 functioning as the display control
means, the biometric simulation image constructing unit
54, etc.
[0059] An embodiment of a display style of the biomet-
ric simulation image and the simulationmark, etc. to be
superimposed on the biometric simulation image which
are displayed on the image display unit 26 by the mark
generating unit 52, the biometric simulation image con-
structing unit 54, etc. will be described hereunder. In the
following description, only the display of the biometric
simulation image and the simulation mark, etc. to be su-
perimposed on the biometric simulation image will be de-
scribed, however, they may be displayed on the image
display unit 26 in combination with the tomographic im-
age, the elasticity image, etc.

(First Embodiment of Display)

[0060] In this embodiment, an elasticity image acquir-
ing mark representing a cross-sectional site at which an
elasticity image is acquired is superimposedly displayed
on a biometric simulation image. In this embodiment and
the following embodiments, an image which illustratively
simulates a breast of an object is applied as a biometric
simulation image.
[0061] First, the overall operation of the ultrasonic di-
agnostic apparatus and the operation of the feature por-
tion thereof will be described with reference to Fig. 7. As
shown in Fig. 7, in a normal examination routine, ultra-
sonic waves are transmitted/received while the probe is
operated (S75), ultrasonic images such as a tomographic
image, and an elasticity image are processed as de-
scribed above (S76), and these images are displayed
(S77).
[0062] Furthermore, the coordinate calculation is exe-
cuted by the coordinate calculating unit 50 (S78), and
the position information of a cross-sectional site of the

object is obtained. In addition, the variation of a tissue of
the cross-sectional site is detected by the tissue displace-
ment detecting unit 51 (S79), and input to the mark gen-
erating unit 52. The mark generating unit 52 generates
an elasticity image acquiring mark on the basis of an
output from the coordinate calculating unit 50 when the
displacement of the tissue is detected in the tissue dis-
placement detecting unit 51, that is, on the basis of the
position information of the cross-sectional site of the ob-
ject (S80).
[0063] The biometric simulation constructing unit 54
suitably uses the elasticity image acquiring mark gener-
ated in the mark generating unit 52, the cross-sectional
position information of the object at which the elasticity
image stored in the memory 56 is acquired, and informa-
tion on the output transition of the pressure measuring
unit 46 obtained in the process of acquiring the elasticity
image, etc. to superimpose the elasticity image acquiring
mark at the corresponding position on a biometric simu-
lation image, thereby constructing the biometric simula-
tion image (S81). Accordingly, the ultrasonic image and
the biometric simulation image on which the simulation
mark is superimposed are properly combined and dis-
played on the image display unit.
[0064] In this embodiment, when the ultrasonic image
pickup operation is executed to acquire an elasticity im-
age, an elasticity image acquiring mark 86 representing
a cross-sectional site at which the elasticity image is ac-
quired is superimposedly displayed at the corresponding
position on a biometric simulation image 85 as shown in
Fig. 8. As shown in Fig. 8, the elasticity image acquiring
mark 86 contains information on the scan position and
direction of the ultrasonic probe.
[0065] By displaying the elasticity image acquiring
mark 86 on a real-time basis during the ultrasonic image
pickup operation, the examiner who executes the ultra-
sonic image pickup operation checks the biometric sim-
ulation image to visually specify a position of the object
at which the elasticity image is acquired. Furthermore,
when the biometric simulation image 85 on which the
elasticity image acquiring mark 86 is superimposed is
stored in the memory, a diagnosing person or the like
who refers to stored images to make a diagnosis can
check the biometric simulation image to visually specify
a position of the object at which the elasticity image is
acquired.
[0066] Furthermore, when the examiner acquires an
elasticity image as indicated by Frames A to F of Fig. 8,
the elasticity image acquiringmarks 86 may be displayed
one by one on a real-time basis, or the mark may be
successively superimposedly displayed on the biometric
simulation image every time an elasticity image is ac-
quired while the elasticity image acquiring marks 86
which were superimposed on the biometric simulation
image in the past are left. According to this manner, sites
at which elasticity images of the object have been ac-
quired can be grasped at a glance, so that omission of a
desired image can be prevented and needless duplica-
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tive image pickup of the same site can be omitted.
[0067] The coordinate calculating unit 50 can specify
the ultrasonic image pickup position on the biometric sim-
ulation image by positioning the coordinate system of the
three-dimensional coordinate detected by the position in-
formation sensor and the coordinate system of the object
while executing the ultrasonic image pickup operation on
a specific site such as a breast of the object.

(Second Embodiment of Display)

[0068] In this embodiment, information of pressure or
the like measured by the pressure measuring unit 46 in
the process of acquiring an elasticity image is displayed
through an elasticity image acquiring mark superim-
posed on a biometric simulation image.
[0069] This embodiment is based on the assumption
that the elasticity image acquiring mark 86 is superim-
posed on the biometric simulation image 85, and also
the output transition of pressure detected by the pressure
measuring unit 46 when an elasticity image correspond-
ing to each elasticity image acquiring mark is acquired
is recorded in the memory in association with each elas-
ticity image acquiring mark 86.
[0070] Fig. 9 assumes a state that the examiner checks
the biometric simulation image generated in the First Em-
bodiment of Display during the ultrasonic image pickup
operation and a state that the diagnosing person or the
like checks the biometric simulation image after it is ex-
amined and stored in the memory. For example, when
the diagnosing person or the like selects any elasticity
image acquiring mark through an interface such as a
mouse, a keyboard, a track ball, or a screen touch sensor,
there is provided a pressure state display 87 containing
a graph of the output transition of the pressure sensor
associated with the selected mark, the average ampli-
tude of pressure determined from the output transition of
the pressure sensor, the average value of pressure de-
termined from the output transition of the pressure sen-
sor, etc.
[0071] With respect to the acquisition of the elasticity
image, when press is applied by the probe, it is very im-
portant whether the press is moderately applied. When
the degree of the press is abnormal, it is difficult to acquire
a desired elasticity image. Accordingtothisembodiment,
whenthe diagnosing person selects an elasticity image
acquiring mark of interest while checking a biometric sim-
ulation image which is temporarily recorded in the mem-
ory, a pressure condition or the like when an elasticity
image is acquired at the corresponding cross-sectional
site can be displayed. Accordingly, it is possible to oper-
ate the ultrasonic probe so that the same pressure con-
dition is obtained while checking the displayed pressure
condition or the like. As described above, by multilaterally
supplying information to the diagnosing person, the di-
agnosing person can acquire an elasticity image with ex-
cellent reproducibility again in consideration of the dis-
played pressure condition or the like for a reference.

Therefore, this embodiment may be effectively and prac-
tically used for diagnosis.
[0072] An elasticity image acquiring mark may be se-
lected not only by inputting it from the interface, but also
by automatically setting it so that the elasticity image ac-
quiring mark is switched every set time. Furthermore, in
addition to the information described in this embodiment,
information obtained in the process of acquiring the elas-
ticity image may be properly stored in the memory, and
displayed in accordance with selection of the mark. Fur-
thermore, plural elasticity image acquiring marks may be
selected, and plural detailed information may be dis-
played, or a graph, etc. may be superimposedly dis-
played.

(Third Embodiment of Display)

[0073] In this embodiment, an elasticity mark repre-
senting hardness or softness of an area set at a cross-
sectional site at which an elasticity image is acquired,
that is, a tissue of interest (tumor) is displayed so as to
be superimposed on a biometric simulation image.
[0074] First, the overall operation of the ultrasonic di-
agnostic apparatus and the operation of the feature por-
tion will be described with reference to Fig. 10. As shown
in Fig. 10, in a normal examination routine, ultrasonic
waves are transmitted/received while the ultrasonic
probe is operated (S90), ultrasonic images such as a
tomographic image, and an elasticity image are proc-
essed as described above (S91) and these images are
displayed (S92).
[0075] Furthermore, the coordinate calculation is exe-
cuted by the coordinate calculating unit 50 (S93), and
the position information of a cross-sectional site of the
object is obtained. In addition, the variation of a tissue of
the cross-sectional site is detected by the tissue displace-
ment detecting unit 51 (S94), and input to the mark gen-
erating unit 52. Furthermore, the information of the tom-
ographic image and the elasticity image obtained by the
ultrasonic image pickup operation are input to the mark
generating unit 52. The mark generating unit 52 gener-
ates a simulation mark such as an elasticity mark on the
basis of an output from the coordinate calculating unit 50
when the displacement of the tissue is detected in the
tissue displacement detecting unit 51, that is, the position
information of the cross-sectional site of the object, and
the elasticity information representing hardness or soft-
ness of a tissue of interest of an area set in the elasticity
image (S95).
[0076] The biometric simulation image constructing
unit 54 arbitrarily uses the elasticity mark generated in
the mark generating unit 52 and the information such as
the cross-sectional position information of the object at
which the elasticity image stored in the memory 56 is
acquired, the elasticity information of the tissue in the set
area of the elasticity image, and the output transition of
the pressure measuring unit 46 obtained in the process
of acquiring the elasticity image to superimpose the sim-

15 16 



EP 2 243 431 A1

10

5

10

15

20

25

30

35

40

45

50

55

ulation mark at the corresponding position on a biometric
simulation image, thereby constructing the biometric sim-
ulation image (S96). Accordingly, the ultrasonic image
and the biometric simulation image on which the simu-
lation mark is superimposed are arbitrarily combined and
displayed on the image display unit.
[0077] Accordingly, a display shown in Fig. 11 is pro-
vided. That is, when an elasticity image is acquired, a
circular elasticity mark 101 which is gradated in accord-
ance with hardness or softness of the tissue (tumor) in
the set area of the elasticity image is superimposedly
displayed at the corresponding position on the biometric
simulation image 85. Furthermore, in addition to the cir-
cular elasticity mark 101, an elasticity scale bar 102 rep-
resenting gradated hue and the degree of hardness or
softness of the tissue in association with each other is
also displayed.
[0078] As in the case of the First Embodiment of Dis-
play, when an elasticity image is acquired, the elasticity
mark 101 may be displayed one by one on a real-time
basis, or the mark may be successively displayed so as
to be superimposed on a biometric simulation image eve-
ry time an elasticity image is acquired while elasticity
marks superimposed in the past are left on the biometric
simulation image. Furthermore, this embodiment adopts
the hue gradation, however, the hardness or softness of
the tissue may be gradated and displayed with numerical
values or brightness.
[0079] Furthermore, in this embodiment, the simula-
tion mark is superimposedly displayed on the biometric
simulation image. However, the simulation mark may be
displayed in association with a tomographic image or an
elasticity image by superimposing the simulation mark
on a part of the tomographic image or the elasticity image.
[0080] Next, the generation of the elasticity mark 101
will be described in more detail with reference to Fig. 12.
The elasticity mark 101 is not the elasticity information
of the whole acquired elasticity image, but represents
elasticity information of an area set in the elasticity image,
that is, a tissue of interest such as a tumor. Therefore, it
is necessary to set an area of a tissue of interest from an
elasticity image.
[0081] In this point, it is utilized that a tissue of interest
such as a tumor provides a low echo (low reflection level)
on a monochromatic tomographic image 110 as shown
in Fig. 12. That is, first, the monochromatic tomographic
image is first subjected to binarization processing, and a
low-echo area is set as a mask area, thereby detecting
the position or distribution of a tumor.
[0082] A tissue 112 in the mask area of an elasticity
image 111 is cut out, and elasticity information of the cut-
out tissue is averaged to generate the elasticity mark
101. The elasticity mark is not required to be circular, and
it may be displayed while the shape thereof is also ex-
pressed by using distribution information of the tumor.
[0083] By making a display as described above, the
elasticity information of the tissue of interest in the area
set at the cross-sectional site at which the elasticity image

is acquired can be simply grasped through the biometric
simulation image.
[0084] Furthermore, when the examiner executes a
series of elasticity-image pickup operation on the object
and a biometric simulation image on which an elasticity
mark is superimposed is recorded, the diagnosing person
can easily determine which site of the object should be
examined minutely when the diagnosing person checks
the biometric simulation image. That is, the elasticity
mark is represented as a simple mark which is gradated,
for example, with hue or numerical values, and thus a
place where a diseased tissue may exist because it is
relatively hard can be grasped at a glance on the biomet-
ric simulation image. As occasion demands, the site con-
cerned can be minutely examined by executing the ul-
trasonic image pickup operation again or the like, thereby
making a diagnosis and determining a treatment policy.

(Fourth Embodiment of Display)

[0085] In this embodiment, through an elasticity mark
superimposed on a biometric simulation image, an elas-
ticity image which contributes to generation of the elas-
ticity mark is displayed. This embodiment is based on
the assumption that elasticity marks 101 are superim-
posed on the biometric simulation image 85, and also
the elasticity images corresponding to the respective
elasticity marks are recorded in association with the re-
spective elasticity marks 101 in the memory.
[0086] Fig. 13 assumes a state that the examiner
checks the biometric simulation image generated in the
Third Embodiment of Display during the ultrasonic image
pickup operation and a state that the diagnosing person
or the like checks the biometric simulation image after it
is examined and recorded in the memory. For example,
when the diagnosing person or the like selects any elas-
ticity image acquiring mark through an interface such as
a mouse, a keyboard, a track ball, or a screen touch sen-
sor, the elasticity image associated with the selected
mark is called up from the memory to provide an elasticity
image display 120.
[0087] According to this embodiment, for example,
when the diagnosing person selects an elasticity image
acquiring mark of interest while checking a biometric sim-
ulation image which is temporarily recorded in the mem-
ory and then displayed, the diagnosing person can check
an elasticity image at the corresponding cross-sectional
place. As described above, by multilaterally supplying
information to the diagnosing person, the diagnosing per-
son can make a diagnosis and determine a treatment
policy while checking the displayed biometric simulation
image and the elasticity marks, determining the whole
condition of a tumor of the object and also calling up the
elasticity images to check a place of interest minutely.
[0088] The call-up of the elasticity image in this em-
bodiment and the call-up of the pressure state described
in the second Embodiment of Display may be properly
combined and displayed.
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(Fifth Embodiment of Display)

[0089] In this embodiment, the elasticity mark is dis-
played in a gradation style on the biometric simulation
image. That is, when an elasticity mark is displayed, there
is a case where a target is detected at two or more places.
In this case, internal targets may be continuous with each
other with high probability. Therefore, the targets can be
represented with gradation by using information of the
elasticity degree between two points and the distance
therebetween.
[0090] For example, when the examiner makes an ex-
amination and determines that the target is a continuous
target (tumor), the area between two points is represent-
ed by gradation, whereby continuity can be displayed.
Accordingly, the continuity of the target can be reflected
to a medical record without repeating press, and thus this
embodiment is effective to shorten the examination time.

(Sixth Embodiment of Display)

[0091] In this embodiment, out of the generated elas-
ticity marks, only gradated elasticity marks whose elas-
ticity information are not less than a preset threshold val-
ue, are less than the threshold value or are within a
threshold value range are displayed. That is, for example,
as shown in Fig. 15, the threshold value is preset by using
the elasticity scale bar 102 or the like, or the examiner/the
diagnosing person can freely set/adjust the threshold val-
ue, whereby only information required by the examiner
or the diagnosing person can be displayed on the bio-
metric simulation image. Furthermore, this threshold val-
ue may be automatically set every examination site.
[0092] Accordingly, out of elasticity marks, only an
elasticity mark which is harder than a predetermined
threshold value, that is, which possibly represents a le-
sion and thus requires minute examination can be dis-
played. Therefore, the examiner/diagnosing person can
check only actually necessary information to make a di-
agnosis, determine a treatment policy, etc. The display
of the biometric simulation image and the elasticity marks
is performed to simply supply information such as tissue
elasticity of an object to an examiner/diagnosing person.
Therefore, if the amount of information is excessive, it
would not be practical. Accordingly, this embodiment is
effective.

(Seventh Embodiment of Display)

[0093] In this embodiment, an elasticity mark is dis-
played on a three-dimensionally generated biometric in-
sulation image. That is, as shown in Fig. 16(a), the elas-
ticity mark 101 is superimposedly displayed on the three-
dimensionally generated biometric insulation image 85
in consideration of position information of a cross-sec-
tional site of an object when an elasticity image is ac-
quired, and depth information from the surface at the
cross-sectional site of the object.

[0094] Furthermore, as shown in Fig. 16(b), a press
mark 150 representing the contact surface position of the
ultrasonic probe to the object when the elasticity image
is acquired can be superimposedly displayed in addition
to the elasticity mark 101.
[0095] According to this embodiment, the depth infor-
mation from an ultrasonic wave transceiver can be left
on the medical record as illustration information. For ex-
ample, in a case where infiltration of cancer is observed
in a depth direction which is difficult to be found by using
two-dimensional information, it can be three-dimension-
ally represented as an elasticity mark of a tumor, and
thus this embodiment is effective from the viewpoint that
it can be easily grasped after examination.
[0096] Furthermore, with respect to diagnosis of inter-
nal organs, there is a case where it is important for a
diagnosis to know which press position brings an image
corresponding to an elasticity-mark affixed position. At
this time, the press mark 150 is affixed onto the body
surface, the elasticity mark 101 is affixed to the inside
and both the marks are simultaneously displayed, where-
by the press place and the image can be simply associ-
ated with each other.
[0097] Even in the case of a three-dimensional biomet-
ric simulation illustration, when there are many examina-
tion positions, it becomes promiscuous, and thus it is
concerned that the illustration is difficult to view as a dis-
play. Therefore, only the pair of the press position and
the tumor position which are selected on the two-dimen-
sional biometric simulation image may be displayed on
the three-dimensional biometric simulation image, or
coloring, hatching, etc. may be used to represent the
combination thereof.

(Eighth Embodiment of Display)

[0098] In this embodiment, in addition to the simulation
mark, a blood streammark is superimposedly displayed
on the biometric simulation image. This embodiment is
based on the assumption that it is provided with blood
stream mark generating means for obtaining blood
stream information on the basis of a reflection echo signal
measured by the ultrasonic probe and generating a blood
stream mark gradated in accordance with the blood
stream velocity of the cross-sectional site of the object.
[0099] That is, the velocity or abundance of blood
stream can be detected by a method using a well-known
Doppler effect, and a blood stream mark which is gradat-
ed in accordance with the detection result can be gener-
ated. As shown in Fig. 17, a blood stream mark 160 may
be designed as a smaller circle than the elasticity mark
101, and superimposedly displayed on the elasticity mark
101. In addition, a blood stream scale bar 161 represent-
ing the degree of the velocity or abundance of the blood
stream may be displayed.
[0100] For example, a malignant tumor trends to ab-
sorb blood from surrounding tissues and grow. Accord-
ingly, it is expected to contribute to enhancement of di-
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agnosis precision/diagnosis efficiency that blood stream
information and elasticity information are simultaneously
displayed on a biometric simulation image and used as
medical record information.
[0101] The blood stream mark 160 and the elasticity
mark 101 can be discriminated from each other and easily
recognized like the blood stream mark 160 is represented
by an asterisk and the elasticity mark 101 is represented
by a circle. Furthermore, both the marks can be discrim-
inated from each other and visually enhanced like the
blood stream is represented by monochromatic grada-
tion and the elasticity mark is represented by color gra-
dation. Furthermore, only the overlap portion between
the blood stream mark and the elasticity mark may be
displayed on a biometric illustration.

(Ninth Embodiment of Display)

[0102] In this embodiment, when a re-examination is
executed on an object whose elasticity images were ac-
quired by the ultrasonic image pickup operation in the
past, an examiner is informed of places at which the elas-
ticity images were acquired in the past (the positions
whose elasticity information was recorded).
[0103] That is, calibration is performed with reference
to a specific position such as a mammary papilla of the
object to perform position adjustment, and then ultrasonic
examination is executed. Then, as shown in Fig. 18, when
the ultrasonic probe is moved to a place at which an elas-
ticity image was acquired in the past (when the position
of the elasticity mark 101 and a probe mark 170 repre-
senting the probe position are overlapped with each oth-
er), an indication "PUSH" or the like is displayed on the
image display unit 26, whereby the examiner can be pro-
moted to perform the operation of acquiring an elasticity
image. At this time, the elasticity images which were ac-
quired in the past may be additionally displayed.
[0104] As described above, the place at which an elas-
ticity image should be acquired is presented to the ex-
aminer, whereby the labor of the examiner can be re-
duced and the examination efficiency can be enhanced.
At this time, a pressure condition or the like when the
elasticity image is acquired is additionally displayed,
whereby reproducibility can be enhanced.
[0105] The embodiment of the ultrasonic diagnostic
apparatus according to the present invention has been
described. However, the present invention is not limited
to the breast, but may be applied to places which can be
subjected to ultrasonic image diagnosis such as thyroid
gland, liver, or prostate gland.

Claims

1. An ultrasonic diagnostic apparatus comprising: an
ultrasonic probe that transmits/receives an ultrason-
ic wave from/to an object; phasing and summing
means that generates RF signal frame data of a

cross-sectional site of the object on the basis of a
reflection echo signal measured by the ultrasonic
probe; elasticity image constructing means that gen-
erates an elasticity image representing hardness or
softness of a tissue of the cross-sectional site on the
basis of a pair of RF signal frame data acquired at
different times; cross-sectional site information gen-
erating means that generates cross-sectional site in-
formation containing position information of the
cross-sectional site at which the elasticity image is
measured; and display control means that controls
to display on a display unit the elasticity image gen-
erated by the elasticity image constructing means
and the cross-sectional site information generated
by the cross-sectional site information generating
means while the elasticity image and the cross-sec-
tional site information are associated with each oth-
er.

2. The ultrasonic diagnostic apparatus according to
claim 1, characterized in that the cross-sectional
site information contains gradation information
based on hardness or softness of a tissue.

3. The ultrasonic diagnostic apparatus according to
claim 1, further comprising biometric simulation im-
age generating means for generating a biometric
simulation image which simulates the object, where-
in the display control means displays the biometric
simulation image while superimposing the cross-
sectional site information on the biometric simulation
image.

4. The ultrasonic diagnostic apparatus according to
claim 1, wherein
the cross-sectional site information is at least one
simulation mark of an elasticity image acquiring mark
representing a cross-sectional site at which the elas-
ticity image is acquired, and an elasticity mark which
is gradated in accordance with hardness or softness
of a tissue in a set area of the acquired elasticity
image.

5. The ultrasonic diagnostic apparatus according to
claim 3, wherein
the cross-sectional site information is at least one
simulation mark of an elasticity image acquiring mark
representing a cross-sectional site at which the elas-
ticity image is acquired, and an elasticity mark which
is gradated in accordance with hardness or softness
of a tissue in a set area of the acquired elasticity
image, and the display control means displays on a
display unit the simulation mark while superimposing
the simulation mark on a cross-sectional site on the
biometric simulation image at which the elasticity im-
age is acquired.

6. The ultrasonic diagnostic apparatus according to
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claim 5, wherein the display control means succes-
sively displays a simulation mark while superimpos-
ing the simulation mark on the biometric simulation
image every time the elasticity image is acquired
while simulation marks superimposed in the past are
left on the biometric simulation image.

7. The ultrasonic diagnostic apparatus according to
claim 5, wherein an elasticity image corresponding
to a simulation mark superimposed on the biometric
simulation image is recorded in a memory in asso-
ciation with the simulation mark, and when the sim-
ulation mark is selected through an interface, the dis-
play control means displays the elasticity image as-
sociated with the selected simulation mark.

8. The ultrasonic diagnostic apparatus according to
claim 5, wherein when an elasticity image corre-
sponding to a simulation mark superimposed on the
biometric simulation image is acquired, an output
transition detected by a pressure sensor provided to
a contact face of the ultrasonic probe to the object
is recorded in a memory in association with the sim-
ulation mark concerned, and when the simulation
mark is selected through an interface, the display
control means displays at least one of the output
transition of the pressure sensor associated with the
selected simulation mark, an average amplitude of
pressure determined from the output transition of the
pressure sensor and an average value of pressure
determined from the output transition of the pressure
sensor.

9. The ultrasonic diagnostic apparatus according to
claim 5, wherein the display control means displays
only elasticity marks gradated under a condition that
the elasticity marks are not less than a preset thresh-
old value, less than the threshold value or within a
threshold value range, out of the elasticity marks
which are gradated in accordance with hardness or
softness of the tissue in the set area of the acquired
elasticity image.

10. The ultrasonic diagnostic apparatus according to
claim 5, wherein the biometric simulation image gen-
erating means generates a three-dimensional bio-
metric simulation image, and the display control
means superimposedly displays the elasticity mark
on the three-dimensional biometric simulation image
on the basis of position information of a cross-sec-
tional site of the object when the elasticity image is
acquired and depth information from the surface at
the cross-sectional site of the object.

11. The ultrasonic diagnostic apparatus according to
claim 5, further comprising blood stream mark gen-
erating means for obtaining blood stream informa-
tion on the basis of the reflection echo signal meas-

ured by the ultrasonic probe and generating a blood
stream mark which is gradated in accordance with
a blood stream velocity of the cross-sectional site of
the object, wherein the display control means super-
imposedly displays the blood stream mark on the
biometric simulation image in addition to the simu-
lation mark.

12. The ultrasonic diagnostic apparatus according to
claim 5, further comprising a position sensor that is
mounted on the ultrasonic probe and detects a three-
dimensional coordinate position and an attitude of
the probe, and cross-sectional site detecting means
for detecting position information of a cross-sectional
site of the object on the basis of an output from the
position sensor, wherein the elasticity image acquir-
ing mark is generated on the basis of the position
information of the cross-sectional site of the object
detected by the cross-sectional site detecting means
when the elasticity image is acquired, and the elas-
ticity mark is generated in accordance with the po-
sition information of the cross-sectional site of the
object detected by the cross-sectional site detecting
means when the elasticity image is acquired, and
hardness or softness of a tissue in a mask area set
in an area in which the intensity of the RF signal of
the elasticity image is smaller than a preset threshold
value.

23 24 



EP 2 243 431 A1

14



EP 2 243 431 A1

15



EP 2 243 431 A1

16



EP 2 243 431 A1

17



EP 2 243 431 A1

18



EP 2 243 431 A1

19



EP 2 243 431 A1

20



EP 2 243 431 A1

21



EP 2 243 431 A1

22



EP 2 243 431 A1

23



EP 2 243 431 A1

24



EP 2 243 431 A1

25



EP 2 243 431 A1

26



EP 2 243 431 A1

27



EP 2 243 431 A1

28



EP 2 243 431 A1

29



EP 2 243 431 A1

30



EP 2 243 431 A1

31



EP 2 243 431 A1

32



EP 2 243 431 A1

33



EP 2 243 431 A1

34



EP 2 243 431 A1

35



EP 2 243 431 A1

36

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2000060853 A [0004] • JP 2007202829 A [0004]



专利名称(译) 超声波设备

公开(公告)号 EP2243431A1 公开(公告)日 2010-10-27

申请号 EP2009709197 申请日 2009-01-26

[标]申请(专利权)人(译) 株式会社日立医药

申请(专利权)人(译) 日立医疗器械股份有限公司

当前申请(专利权)人(译) HITACHI，LTD.

[标]发明人 WAKI KOJI

发明人 WAKI, KOJI

IPC分类号 A61B8/08

CPC分类号 A61B8/08 A61B8/0825 A61B8/14 A61B8/4254 A61B8/461 A61B8/467 A61B8/485

优先权 2008028191 2008-02-07 JP

其他公开文献 EP2243431A4

外部链接 Espacenet

摘要(译)

可以实现能够显示通过获取与弹性图像或生物模拟图像相关联的弹性图
像而获得的各种信息的超声诊断设备。本发明的超声波诊断装置1基于通
过向对象发送超声波/从对象接收超声波而获得的一对RF信号帧数据，生
成表示横截面部位的组织的硬度或柔软度的弹性图像。在图10中，获取
时间不同，并且还生成模拟对象的生物模拟图像85。显示控制装置在显
示单元上显示弹性标记101，弹性标记101根据获取的弹性图像的设定区
域中的感兴趣组织（肿瘤）的硬度或柔软度实时地或在弹性标记101暂时
之后记录在存储器中，同时将弹性标记101叠加在获取弹性图像的生物模
拟图像85上的位置处。

https://share-analytics.zhihuiya.com/view/3e09d160-23fc-41da-8023-eace78ae77ab
https://worldwide.espacenet.com/patent/search/family/040952039/publication/EP2243431A1?q=EP2243431A1

