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(57) ABSTRACT

An ultrasonic diagnostic apparatus according to the present
invention has an ultrasonic probe for transmitting/receiving
an ultrasonic wave to/from an object while the object is
pressed, a phasing and adding unit for generating 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,
an ultrasonic image generating unit for generating an ultra-
sonic image of the cross-sectional site of the object on the
basis of the RF signal frame data, a measurement target set-
ting unit for setting a measurement target to the RF signal
frame data or the ultrasonic image, a measurement target
position tracing unit for tracing a positional variation of the
set measurement target, a displacement image generating unit
for generating a graph representing transition of a press state
applied to the measurement target on the basis of the posi-
tional variation of the measurement target, and a display unit
for displaying the generated graph.
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1
ULTRASONIC ELASTOGRAPHY FOR CROSS
SECTIONAL TISSUE MEASUREMENT
METHOD AND APPARATUS

TECHNICAL FIELD

The present invention relates to an ultrasonic diagnostic
apparatus, and particularly to an ultrasonic diagnostic appa-
ratus, an ultrasonic image processing method and an ultra-
sonic image processing program with which an elasticity
image representing hardness or softness of a tissue at a cross-
sectional site of an object is picked up and displayed.

BACKGROUND ART

The ultrasonic diagnostic apparatus transmits an ultrasonic
wave to theinside of an object by an ultrasonic probe, receives
a reflection echo signal of an ultrasonic wave corresponding
to the structure of a biometric tissue from the inside of the
object, constructs an image such as an ultrasonic cross-sec-
tional image or the like and displays the image for diagnosis.

Ithas been recently disclosed that an object is pressed by an
ultrasonic probe according to a manual or mechanical method
to measure an ultrasonic reception signal, a displacement of
each part of a living body which is caused by the press is
determined on the basis of frame data of two ultrasonic recep-
tion signals measured at different times, and an elasticity
image representing elasticity of the biometric tissue is gener-
ated on the basis of the displacement data (for example, Patent
Document 1).

From the viewpoint of easiness, an ultrasonic probe has
been frequently used for an operation of pressing an object.
That 1s, an ultrasonic probe is pressed against the body sur-
face of an object to apply some degree of initial press, and an
elasticity image is generated while minute pressurization and
minute depressurization are repeated from this initial press
state. However, according to this method, the pressurization
state is greatly varied in accordance with an operator’s hand
operation, and thus there is a case where a proper elasticity
image is not necessarily obtained.

Therefore, it is disclosed in a conventional ultrasonic diag-
nostic apparatus that a displacement of each site is measured
on the basis of two tomographic image data measured at
different times, a distribution of distortion factor of a tomo-
graphic image is determined on the basis of the displacement
data, and properness of pressurization is determined on the
basis of whether the distribution of distortion factor is within
a proper range or not (for example, Patent Document 2).

Furthermore, it is also disclosed that a pressure sensor is
provided to an object pressing face of an ultrasonic probe, and
transition of measurement values of the pressure sensor is
graphed and displayed together with an elasticity image (for
example, Patent Document 3).

Patent Document 1: JP-A-2000-060853

Patent Document 2: JP-A-2004-351062

Patent Document 3: Publication of PCT application
W02005-120358

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention
However, in the techniques described in the Patent Docu-
ments 2 and 3, it is not considered that a press state applied to

a tissue of interest at a cross-sectional site of an object is
presented to an operator with higher precision.
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2

That is, the technique described in the Patent Document 2
estimates the press on the basis of the distortion distribution
of a tissue in an area of a cross-sectional site. The distortion
distribution also contains distortion data of surrounding tis-
sues other than the tissue of interest, and thus there is a case
where the press state applied to the tissue of interest cannot be
determined with high precision.

Furthermore, when pressure sensor values of the pressing
face of the ultrasonic probe are used as described in the Patent
Document 3, the press intensity of the sensor surface is mea-
sured, and thus there is a case where a press state applied to a
tissue of interest in an object cannot be directly reflected.

Therefore, it is a problem of the present invention to
present a press state applied to a tissue of interest of a cross-
sectional site of an object to an operator with high precision,
thereby supporting a proper pressing operation.

Means of Solving the Problem

In order to solve the above problem, an ultrasonic diagnos-
tic apparatus according to the present invention is character-
ized by comprising: an ultrasonic probe for transmitting/
receiving an ultrasonic wave to/from an object while the
object is pressed; a phasing and adding unit for generating 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; an ultrasonic image generating unit for generating an
ultrasonic image of the cross-sectional site of the object on the
basis of the RF signal frame data; a measurement target
setting unit for setting a measurement target to the RF signal
frame data or the ultrasonic image; a measurement target
position tracing unit for tracing a positional variation of the
set measurement target; a displacement image generating unit
for generating a graph representing transition of a press state
applied to the measurement target on the basis of the posi-
tional variation of the measurement target; and a display unit
for displaying the generated graph.

Furthermore, an ultrasonic image processing method
according to the present invention for generating an ultra-
sonic image from RF signal frame data of a cross-sectional
site of the object which are based on a reflection echo signal
measured by transmitting/receiving an ultrasonic wave
to/from the object while the object is pressed by an ultrasonic
probe, and generating an image for assisting the press of the
object by the ultrasonic probe, is characterized by compris-
ing: a step of setting a measurement target to the RF signal
frame data or the ultrasonic image; a step of tracing a posi-
tional variation of the set measurement target; a step of gen-
erating a graph representing transition of a press state applied
to the measurement target on the basis of a positional varia-
tion of the measurement target; and a step of displaying the
generated graph.

An ultrasonic image processing program according to the
present invention for making a computer execute a function of
generating an ultrasonic image from RF signal frame data of
the cross-sectional site of the object which are based on a
reflection echo signal measured by transmitting/receiving an
ultrasonic wave to/from the object while the object is pressed
by an ultrasonic probe, and generating an image for assisting
the press of the object by the ultrasonic probe, is characterized
by making the computer execute: a step of setting a measure-
ment target to the RF signal frame data or the ultrasonic
image; a step of tracing a positional variation of the set mea-
surement target; a step of generating a graph representing
transition of a press state applied to the measurement target on
the basis of the positional variation of the measurement tar-
get; and a step of displaying the generated graph.
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That is, according to the present invention, a measurement
target is set at a cross-sectional site of an object, and a graph
representing transition of a press state such as a transition
graph of a positional variation of the measurement target or
the like is generated and displayed on the basis of a tracing
result of the positional variation of the measurement target.
Therefore, the transition of the press state applied to the
measurement target of the cross-sectional site of the object is
directly reflected to this graph with high precision. As a result,
an operator can visually surely grasp the press state applied to
the measurement target through an operation being executed
by the operator, and thus it can be determined on the basis of
the press state whether the pressing operation is proper or not.

Effect of the Invention

As described above, according to the ultrasonic diagnostic
apparatus, the ultrasonic elasticity information processing
method and the ultrasonic elasticity information processing
program of the present invention, the press state applied to the
tissue of interest of the cross-sectional site of the object can be
presented to the operator with high precision, whereby the
proper pressing operation can be supported.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the construction of an
ultrasonic diagnostic apparatus according to an embodiment.

FIG. 2 is adiagram showing a first embodiment of a feature
portion of the ultrasonic diagnostic apparatus.

FIG. 3 is a flowchart showing the processing of the first
embodiment.

FIG. 4 is a diagram showing a second embodiment of the
feature portion of the ultrasonic diagnostic apparatus.

FIG. 5 is a flowchart showing the processing of the second
embodiment.

FIG. 6 is a diagram showing a third embodiment of the
feature portion of the ultrasonic diagnostic apparatus.

FIG. 7 is a flowchart showing the processing of the third
embodiment.

FIG. 8 is a diagram showing a fourth embodiment of the
feature portion of the ultrasonic diagnostic apparatus.

FIG. 9 is a flowchart showing the processing of the fourth
embodiment.

FIG. 10 is a schematic diagram to explain whether initial
press Is proper or not.

DESCRIPTION OF REFERENCE NUMERALS

1 ultrasonic diagnostic apparatus, 10 object, 12 ultrasonic
probe, 18 phasing and adding unit, 20 tomographic
image constructing unit, 26 image display unit, 30 dis-
placement measuring unit, 32 elasticity information cal-
culator,

34 elasticity image constructing unit, 38 displacement cal-
culator, 40 displacement image constructing unit, 42
operation unit, 44 tumor, 46 measurement point, 48, 53,
55 graph, 50 vibration threshold value line, 52 period
line, 54 reference body, 60 threshold value

Modes for Carrying Out the Invention

Embodiments of an ultrasonic diagnostic apparatus 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 the duplica-
tive description thereof is omitted.
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FIG. 1 is a block diagram showing the construction of an
ultrasonic diagnostic apparatus of this embodiment. As
shown in FIG. 1, the ultrasonic diagnostic apparatus 1 is
equipped with an ultrasonic probe 12 which is used in contact
with an object 10, a transmitting unit 14 for repetitively trans-
mitting an ultrasonic wave to the object 10 through the ultra-
sonic probe 12 at a time interval, a receiving unit 16 for
receiving time-seties reflection eco signals occurring from
the object 10, a transmission/reception controller 17 for con-
trolling the transmitting unit 14 and the receiving unit 16 and
a phasing and adding unit 18 for phasing and adding the
reflection echoes received by the receiving unit 16.

Furthermore, a tomographic image constructing unit 20 for
constructing a shading tomographic image, for example, a
monochromatic tomographic image of the object on the basis
of the RF signal frame data from the phasing and adding umit
18, and a monochromatic scan converter 22 for converting an
output signal from the tomographic image constructing unit
20 so that the output signal is matched with display of an
image display unit 26.

There are further provided an RF frame data selecting unit
28 for storing RF signal frame data output from the phasing
and adding unit 18 and selecting at least two frame data, a
displacement measuring unit 30 for measuring a displace-
ment of a biometric tissue of the object 10, an elasticity
information calculator 32 for determining distortion or elas-
ticity modulus from the displacement information measured
by the displacement measuring unit 30, an elasticity image
constructing unit 34 for constructing a color elasticity image
from the distortion or the elasticity modulus calculated by the
elasticity information calculator 32, and a color scan con-
verter 36 for converting an output signal of the elasticity
image constructing unit 34 so that the output signal is
matched with the display of the image display unit 26.

There are provided a switching and adding unit 24 for
performing a switching operation of superimposing a mono-
chromatic tomographic image and a color elasticity image or
displaying them in parallel, and the image display unit 26 for
displaying a combined composite image. The tomographic
image constructing unit 20, the elasticity image constructing
unit 34, etc. constitute ultrasonic image generating means for
generating an ultrasonic image of a cross-sectional site of the
object on the basis of the RF signal frame data.

Here, the respective constituent elements of the ultrasonic
diagnostic apparatus 1 will be described in detail. The ultra-
sonic 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 transmit-
ting unit 14 has a function of driving the ultrasonic probe 12
to generate a wave-transmission pulse for generating an ultra-
sonic wave and also setting a convergence point of the ultra-
sonic wave to be transmitted to some depth. The receiving
unit 16 amplifies a reflection echo signal received by the
ultrasonic probe 12 with a predetermined gain to generate an
RF signal, that is, a wave-reception signal. The phasing and
adding unit 18 receives the RF signal amplified by the receiv-
ing unit 16 to perform phase control and forms an ultrasonic
beam for one point or plural convergence points, thereby
generating RF signal frame data.

The tomographic image constructing unit 20 receives the
RF signal frame data from the phasing and adding unit 18 and
executes signal processing such as gain correction, log com-
pression, wave detection, edge enhancement, filter process-
ing, etc. to obtain tomographic 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
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for storing plural converted tomographic image data in time-
series, and a control controller. The monochromatic 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.

The RF frame data selecting unit 28 stores plural RF signal
frame data from the phasing and adding unit 18 and selects a
pair of, that is, two RF signal frame data obtained at different
times 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 adding 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.

The displacement measuring unit 30 executes one-dimen-
sional 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-dimen-
sional or two-dimensional displacement distribution con-
cerning the displacement and moving vector, that is, the direc-
tion and magnitude of the displacement of a biometric tissue
which corresponds to each point of a tomographic image.
Here, a block matching method is used to detect the moving
vector. The block matching method is defined as the process-
ing of dividing an image into blocks each of which comprises
NxN pixels, for example, 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 predic-
tive coding, that is, differential calculation.

The elasticity information calculator 32 calculates the dis-
tortion and the elasticity modulus of a biometric tissue cor-
responding to each point on a tomographic image from a
measured value output from the displacement measuring unit
30, for example, a displacement and a moving vector, and
generates an elasticity image signal, that is, elasticity frame
data on the basis of the distortion and the elasticity modulus.

At this time, the data of the distortion are calculated by
spatially differentiating a moving amount, for example, a
displacement of the biometric tissue. The data of the elasticity
modulus is calculated by dividing the variation of pressure
output from a pressure sensor (not shown) provided to the
pressing face of the ultrasonic probe by the variation of dis-
tortion. For example, when the displacement measured by the
displacement measuring unit 30 is represented by L(X) and
the pressure measured by the pressure sensor is represented
by P(X), the distortion AS(X) can be calculated by spatially
differentiating L(X), and thus it can be determined by using
the mathematical expression of AS(X)=AL(X)/AX.

Furthermore, Young’s modulus Ym(X) of the elasticity
modulus data is calculated according to the mathematical
expression of Ym=(AP(X))/AS(X). The elasticity modulus of
a biometric tissue corresponding to each point of a tomo-
graphic image is determined from the Young’s modulus Yin,
and thus two-dimensional elasticity image data can be con-
tinuously obtained. The Young’s modulus represents the ratio
of simple tension stress applied to an object to strain occur-
ring in parallel to the tension.

The elasticity image constructing unit 34 is configured to
contain a frame memory and an image processor, and it
memorizes elasticity frame data output in time-series from
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the elasticity information calculator 32 into a frame memory
and executes image processing on the thus-memorized frame
data.

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 performs 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 distortion is converted to a red
color code, and elasticity data having small distortion is con-
verted to a blue color code at the same time.

The switching and adding unit 24 is configured to have a
frame memory, an image processor and image selecting unit.
The frame memory stores tomographic image data from the
monochromatic scan converter 22, elasticity image data from
the color scan converter 36, and image such as a graph from a
displacement image constructing unit 40 described later. Fur-
thermore, the image processor combines the tomographic
image data and the elasticity image data held in the frame
memory and the graph data representing transition of the
press state applied to the tissue of interest with changing the
composite rate thereof. Brightness information and hue infor-
mation of each pixel of a composite image are obtained by
adding respective information of a monochromatic tomo-
graphic 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 tomo-
graphic image data and the elasticity image data in the frame
memory, and the composite image data of the image proces-
SOf.

The feature portion of the ultrasonic diagnostic apparatus
according to this embodiment will be described. As shown in
FIG. 1, the ultrasonic diagnostic apparatus 1 according to this
embodiment has a displacement calculator 38, the displace-
ment image constructing unit 40 and an operation unit 42.

The displacement calculator 38 traces the positional varia-
tion of a set measurement point of the tomographic image
data output from the monochromatic scan converter 22 to
calculate the displacement. With respect to the setting of the
measurement point, an operator may set the measurement
point to a tissue of interest such as tumor or the like on a
tomographic image displayed on the image display unit 26
through an input interface such as a keyboard, a mouse, a
touch sensor or the like, or a tissue of interest such as tumor or
the like may be automatically detected by the ultrasonic diag-
nostic apparatus to set the measurement point to the detected
tissue of interest. That is, the means of setting a measurement
point to a tissue of interest of RF signal frame data or an
ultrasonic image is constructed by operator’s input setting or
automatic setting of the ultrasonic diagnostic apparatus.

For example when a measurement point is set on the image
display unit 26, data representing the position of the measure-
ment point is input to the displacement calculator 38 through
the operation unit 42, and the displacement calculator 38
traces the positional variation of the measurement point of the
tomographic image data on the basis of the input data. The
displacement calculator 38 functions as means for tracing the
positional variation of the set measurement point. The trace of
the measurement point can be performed by using a method
such as tracking or the like. With respect to automatic detec-
tion of a tissue of interest such as tumor or the like, means of
binarizing an RF frame signal in accordance with the inten-
sity of a reflection echo and regarding a low echo portion as
tumor or the like may be adopted because the intensity of a
reflection echo from tumor is small.

The displacement image constructing unit 40 generates a
graph representing transition of a press state applied to a
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tissue of interest such as tumor or the like on the basis of the
position variation of the measurement point output from the
displacement calculator 38.

The ultrasonic diagnostic apparatus is provided with an
input interface as described above, an output interface such as
the image display unit 26, a memory for storing software
programs and calculating means which can read and execute
the software programs, whereby the functions of the means
for setting the measurement point to the tissue of interest of
the RF signal frame data or the ultrasonic image, the displace-
ment calculator 38, the displacement image constructing unit
40, etc. can be constructed and executed by the software
programs.

A style of setting a measurement point, a style of a gener-
ated graph, a style of generating an image for supporting
user’s proper pressing operation, etc. will be described by
using specific embodiments.

First Embodiment

FIG. 2 is adiagram showing a first embodiment of a feature
portion of an ultrasonic diagnostic apparatus according to this
embodiment, and schematically shows a setting example of
the measurement point and a graph generated in this case.
FIG. 3 is a flowchart showing the processing of the first
embodiment.

As shown in FIG. 2(a), two measurement points 46 are set
along a pressing direction at a boundary portion of tumor 44.
The displacement calculator 38 traces the two measurement
points every frame by tracking or the like, and it calculates the
distance between the two measurement points with respect to
all frame memory data, and successively the result to the
displacement image constructing unit 40. The displacement
image constructing unit 40 generates transition of the dis-
tance variation between the two measurement points in the
form of a graph 48.

The graph 48 output from the displacement image con-
structing unit 40 is added and combined by the switching and
adding unit 24, and it is displayed on the image display unit 26
together with an image obtained by superimposing a tomo-
graphic image and an elasticity image as shown in FI1G. 2(b).

Next, the operation of the first embodiment will be
described with reference to the flowchart of F1G. 3. First, data
obtained from the monochromatic scan converter 22 are sub-
jected to binarization processing, whereby the two measure-
ment points 46 are set along the pressing direction at the
boundary of tumor corresponding to a tissue of interest auto-
matically or manually through the operation unit 42 (S11).
Subsequently, the distance A between the measurement
points set in the displacement calculator 38 is detected (S12).
Furthermore, the positions of the measurement points which
vary due to press are detected by tracking, and the distance
(A)i between the measurement points in all the frame memo-
ries is detected (S13). Subsequently, the graph 48 represent-
ing the displacement of the tissue is generated from (A)i in the
displacement image constructing unit 40, and displayed on
the image display unit 26 through the switching and adding
unit 24 (S14).

According to this embodiment, the two measurement
points are set along the direction along which the tissue of
interest of the cross-sectional site of the object is pressed, the
graph of the transition of the distance variation between the
measurement points, in other words, the graph representing
the transition of the press state is generated and displayed.
Therefore, the transition of the press state applied to the tissue
of interest of the cross-sectional site of the object is directly
reflected to the graph with high precision. As a result, the

20

25

40

45

60

65

8

operator can visually and surely grasp the press state applied
to the tissue of interest by the operation which is being
executed by himself/herself. Therefore, it can be determined
on the basis of this grasping whether the pressing operation is
proper or not.

It is possible to set only one measurement point and graph
the traced position variation of the measurement point. How-
ever, by graphing the transition of the distance between two
measurement points as in the case of this embodiment, the
transition of the press state applied to the tissue of interest can
be presented to the operator with higher precision.

Second Embodiment

FIG. 4 is a diagram showing a second embodiment of the
feature portion of the ultrasonic diagnostic apparatus accord-
ing to this embodiment, and shows an image generated to
support the operator’s proper pressing operation. FIG. Sis a
flowchart showing the processing of the second embodiment.

In this embodiment, the center position of the graph is
determined on the basis of plural local maximum points and
local minimum points appearing on the graph 48, an ampli-
tude threshold value line is superimposed and displayed at a
predetermined amplitude position from the center position of
the graph 48, and also a preset period line is superimposed
and displayed on the graph 48.

Furthermore, the display style of a place at which at least
one of the period line and the amplitude threshold value line
on the graph 48 is deviated is changed to promote a proper
pressing operation to the operator.

Specifically, as shown in FIG. 4(a), preset period lines 52
are superimposed and displayed on the graph 48 generated as
in the case of the first embodiment for example, whereby a
proper period can be visually presented to the operator.

Furthermore, with respect to the graph 48, each local maxi-
mum point of the distance between measurement points is
detected to detect a period C between the respective local
maximum points, and the whole period (C)ave can be calcu-
lated according to the following expression.

{C)ave=(Z(period C between respective local maxi-
mum points))/(number of local maximum
points—1)

As described above, (C)ave based on the operator’s opera-
tion is determined by the calculation, whereby the degree of
the difference from a preset recommended period can be
detected by a numerical value, and this numerical value can
be presented to the operator.

With respect to the graph 48, each local maximum point
and each local minimum point for the distance between mea-
surement points are detected to calculate each intermediate
position of the distance between the measurement points, and
the intermediate value (D)ave of the distance between mea-
surement points for the overall press is calculated according
to the following expression, whereby the threshold value of
the amplitude can be displayed.

{D)ave=(Z(each center point position))/(number of
local maximum points)

That is, when (D)ave is determined as described above, an
amplitude threshold value line 50 having a predetermined
width can be superimposed and displayed in the up-and-down
direction of the amplitude of the graph 48, whereby a proper
amplitude can be visually presented to the operator. The rec-
ommended period and amplitude may be suitably changed in
accordance with a target tissue and saved, and a target site
may be selected or arbitrarily input by the operator.
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As shown in FIG. 4(b), the properness of press can be
determined and presented to the operator by using the period
lines 52 and the amplitude threshold value line 50 superim-
posed on the graph 48. That is, press causing deviation from
the amplitude threshold value line 50 or press causing devia-
tion from the period lines 52 is determined as improper press,
and the color of the corresponding place on the graph 48 is
changed and displayed. Accordingly, the operator can easily
determine the properness of the press visually.

Next, the operation of the second embodiment will be
described with reference to FIG. 5. First, the preset recom-
mended period lines 52 are superimposed on the graph 48
(S21). Subsequently, the intermediate value (D)ave of the
distance between the measurement points of the whole press
is calculated, and the amplitude threshold value line 50 hav-
ing the predetermined width is superimposed in the up-and-
down direction from the intermediate value (S22). The press
causing the deviation from the amplitude threshold value line
50 or the press causing the deviation from the period lines 52
is determined as improper press, and the color of the corre-
sponding place of the tissue displacement graph is changed
(S23).

Third Embodiment

FIG. 6 is a diagram showing a third embodiment of the
feature portion of the ultrasonic diagnostic apparatus accord-
ing to this embodiment, and schematically shows a setting
example of the measurement point and a graph generated in
this case. FIG. 7 is a flowchart showing the processing of the
third embodiment.

As shown in FIG. 6(a), plural pairs of two measurement
points along the pressing direction at the boundary portion of
the tumor 44 are set at different positions in a direction pet-
pendicular to the pressing direction. The displacement calcu-
lator 38 traces each measurement point every frame by track-
ing or the like, calculates the distance between the paired
measurement points for all the frame memory data every pair
of two measurement points, and successively outputs the
calculation result to the displacement image constructing unit
40. The displacement image constructing unit 40 generates
the transition of the distance variation between the measure-
ment points in the form of a graph 53 every pair of two
measurement points.

The graph 53 output from the displacement image con-
structing unit 40 is added and combined by the switching and
adding unit 24, and displayed on the image display unit 26
together with an image in which the tomographic image and
the elasticity image are superimposed as shown in FIG. 6(5).
That is, when the pairs of the measurement points 46 are
represented by pair 1, pair 2 and pair 3 in this order from the
left side of the figure, the transitions of the distance variation
between the measurement points for the pair 1 to the pair 3 are
displayed to be arranged in the vertical direction.

Next, the operation of the first embodiment will be
described with reference to the flowchart of FIG. 7. First, the
data obtained from the monochromatic scan converter 22 are
subjected to binarization processing to set plural pairs (for
example, pair 1 to pair 3) of two measurement points 46 along
the pressing direction at the boundary of tumor as a tissue of
interest automatically or manually through the operation unit
42 (S31). Subsequently, for each of the pair 1 to the pair 3, the
distance A between the measurement points set in the dis-
placement calculator 38 is detected (S32). Furthermore, the
position of the measurement points which varies due to press
is detected by tracking, and the distance (A)i between the
measurement points in all the frame memories is detected for
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each of the pair 1 to the pair 3 (S33). Subsequently, for each
of the pair 1 to the pair 3, the graph 53 representing the
displacement of the tissue is generated from (A)i in the dis-
placement image constructing unit 40, and displayed on the
image display unit 26 through the switching and adding unit
24 (S34).

According to this embodiment, by referring each of these
graphs, the operator can determine whether the whole tumor
as the tissue of interest is pressed with uniform force with
respect to the horizontal direction perpendicular to the press-
ing direction, in other words, whether the tumor is not eccen-
trically pressed or not.

That is, when the whole tumor is uniformly pressed, the
distances of all the measurement point pairs vary substan-
tially at the same period and amplitude in the generated graph,
and thus it is determined that that there is no deviation in
press. On the other hand, for example when there is some
dispersion in amplitude among the pair 1 to the pair 3 as
shown in FIG. 6(b), it can be determined that the press is
eccentrically applied to the pair 3 having large amplitude, and
thus it is necessary to readjust the pressing direction.

The graph display corresponding to each pair of measure-
ment points may be displayed with a name so that the corre-
sponding relationship between the pair of the measurement
points and the graph is clear as shown in FIG. 6(b), or the
corresponding relationship may be displayed by another
method such as color-coding or the like.

Fourth Embodiment

FIG. 8 is a diagram showing a fourth embodiment of the
feature portion of the ultrasonic diagnostic apparatus accord-
ing to this embodiment, and schematically shows a setting
example of the measurement points and a graph generated in
this case. FIG. 9 is a flowchart showing the processing of the
fourth embodiment.

As shown in FIG. 8(a), this embodiment is identical to the
first embodiment in that two measurement points 46 are set
along the pressing direction at the boundary portion of the
tumor 44. In this embodiment, two measurement points 46 are
set along the pressing direction of a reference body 54 as a
displacement reference for the press.

As the reference body 54 may be targeted a fat layer of an
object or a pressing plate provided to the pressing face of the
probe. That is, the fat layer is relatively small in the individual
difference between the objects, and the average displacement
amount to the press has been already known. With respect to
the pressing plate, the displacement amount to press has been
already known. Therefore, they may be applied as the refer-
ence body 54 as a displacement reference to the press.

The displacement calculator 38 traces each measurement
point every frame by tracking or the like, calculates the dis-
tance between measurement points for all the frame memory
data every pair of two measurement points of the tumor 44
and every pair of two measurement points of the reference
body 54, and successively outputs the calculation result to the
displacement image constructing unit 40. The displacement
image constructing unit 40 generates the transition of the
distance variation between the measurement points in the
form of a graph 55 every pair of two measurement points.

The graph 55 output from the displacement image con-
structing unit 40 is added and combined by the switching and
adding unit 24, and displayed on the image display unit 26
together with an image in which a tomographic image and an
elasticity image are superimposed as shown in FIG. 8(5). That
is, when the pair of measurement points of the tumor 44 is
represented by a pair 4 and a pair of measurement points of
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the reference body 54 is represented by a pair 5, the transitions
of the distance variation between the measurement points for
the pairs 4 and 5 are displayed so as to be arranged in the
vertical direction.

Next, the operation of the fourth embodiment will be
described with reference to the flowchart of FIG. 9. First, the
data obtained from the monochromatic scan converter 22 are
subjected to binarization processing, whereby two measure-
ment points 46 are set in the pressing direction at the bound-
ary of the tumor as the tissue of interest automatically or
manually through the operation unit 42, and further the mea-
surement points 46 are set to the reference body 54 in the
same pressing direction (S41).

Subsequently, the distance A between the measurement
points 46 set in the tumor is detected by the displacement
calculator 38, and also the distance B between the measure-
ment points 46 set in the reference body is detected (S42).
Furthermore, the position of the measurement point varying
dueto the press is also detected by tracking, and the distances
(A)i, (B)i between the measurement points in all the frame
memories are detected for the tumor and the reference body
(S43). Subsequently, the graph 55 representing the displace-
ment of the tissue 1s generated from (A)i, (B)i in the displace-
ment image constructing unit 40 for each of the tumor and the
reference body, and displayed on the image display unit 26
through the switching and adding unit 24 (S44).

Furthermore, the hardness of the tumor can be detected
with reference to the reference body from the ratio of distor-
tion between the reference body and the tumor which is
caused by the press. That is, the ratio (A)i/(B)i of the distance
of the measurement points between the tumor and the refer-
ence body in each frame memory may be calculated as a
distortion ratio, and displayed as the calculation result on the
image display unit 26. Accordingly, the displacement amount
caused by the press can be compared with that of the reference
body which has been already known, and thus the determi-
nation as to whether the tumor is benign or malignant can be
simply performed.

When the reference body 54 is provided as in the case of
this embodiment, this is particularly effective to a case where
it is determined that initial press is proper or not. That is, it is
general in the pressing operation of the ultrasonic probe that
the ultrasonic probe is pressed against the body surface of the
object to apply some degree of initial press, minute pressut-
ization and minute depressurization are repeated from this
initial press state. In order to generate a proper elasticity
image, the degree of the initial press is an important factor.

FIG. 10 is a schematic diagram for explaining whether the
initial press is proper or not. FIG. 10(a) shows a case where
the initial press is excessively strong. When elastography
measurement is executed under the state that strong initial
press is applied, minute press is applied to a soft tissue under
the state that the tissue is crashed, and thus the hardness of the
tissue cannot be accurately displayed.

On the other hand, as shown in FIG. 10(b), when two
measurement points are set to the reference body before press
is started, a graph representing the transition of the distance
between the measurement points due to press is displayed and
a threshold value 60 in a proper initial press range is set and
displayed, the operator can perform proper initial press by
referring to the threshold value 60. Only one measurement
point may be set to display the transition of the displacement
of the measurement point in the form of a graph. In this case,
the proper threshold value corresponding to the graph is sepa-
rately set. Furthermore, only the graph based on the measure-
ment points set in the reference body is displayed in F1G. 10.
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However, as shown in FIG. 8, it may be displayed in combi-
nation with the graph based on the measurement points set in
the tumor.

As described above, the measurement points are set to the
reference body for which some degree of displacement to
press is set in advance, and the graph based on the displace-
ment of the measurement points is displayed, whereby the
operation can be performed with this graph as a criterion for
determination so that the initial press amount is proper.

The ultrasonic diagnostic apparatus of this embodiment
has been described above, however, the present invention is
not limited to this embodiment. For example, when the mea-
surement point is set, the measurement point is traced by
using data output from the monochromatic scan converter 22,
and the transition of the press state applied to the tissue of
interest is graphed. However, the trace and the graphing can
be performed by using RF signal frame data. Furthermore, the
displacement measuring unit 30 may be commonly used to
generate an elasticity image and detect the positional varia-
tion of a measurement point, and the transition of the press
state applied to the tissue of interest may be graphed on the
basis of the output from the displacement measuring unit 30.

Furthermore, in place of the measurement point, a mea-
surement line, surface or thelike may be set as a measurement
target. Furthermore, in the above example, the ultrasonic
image and the graph are displayed in juxtaposition with each
other on the display unit. However, the present invention is
not limited to this style, and at least graph may be displayed.
For example, only a graph may be displayed to execute sta-
tistical analysis of press, and the difference between a skilled
person and an unskilled person may be clarified, so that the
graph is used for education for unskilled persons.

The invention claimed is:

1. An ultrasonic diagnostic apparatus comprising;

an ultrasonic probe configured to transmit/receive an ultra-
sonic wave to/from an object, while the object is pressed
in a pressing direction; and

a controller including:

a phasing and adding unit configured to generate RF
signal frame data of a cross-sectional site of the
object, on a basis of a reflection echo signal measured
by the ultrasonic probe;

an ultrasonic image generating unit configured to gen-
erate an ultrasonic image of the cross-sectional site of
the object, on a basis of the RF signal frame data;

a measurement target setting unit configured to set a
measurement target to the RF signal frame data or the
ultrasonic image, where the measurement target is
two measurement points in line along a same pressing
direction, at respective boundary portions of a tissue
of interest within the object;

a measurement target position tracing unit configured to
trace a positional variation of the set measurement
target;

adisplacement image generating unit configured to gen-
erate a graph representing transition of a press state
applied to the measurement target on a basis of the
positional variation of the measurement target;

an elasticity image constructing unit for generating an
elasticity image representing hardness or softness ofa
tissue of the cross-sectional site of the object on a
basis of a pair of RF signal frame data obtained at
different times; and

adisplay unit configured to display the ultrasonic image,
the elasticity image and the generated graph on a
display while being associated with each other.
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2. The ultrasonic diagnostic apparatus according to claim
1, wherein the ultrasonic image generating unit includes a
tomographic image generating unit a tomographic image of a
cross-sectional site of the object.

3. The ultrasonic diagnostic apparatus according to claim
1, wherein the measurement target setting unit sets the two
measurement points along the pressing direction of the RF
signal frame data of the tissue of interest of the ultrasonic
image, and the displacement image generating unit generates
a transition of distance variation between the two set mea-
surement points as the graph.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein the measurement target setting unit sets plural
pairs of two measurement points along the pressing direction
to a tissue of interest of the RF signal frame data or the
ultrasonic image, at different positions in a direction perpen-
dicular to the pressing direction, and the displacement image
generating unit generates a graph of transition of distance
variation regarding every pair of two measurement points.

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the measurement target setting unit sets a refer-
ence measurement point to a reference body as a reference of
displacement caused by the press in the RF signal frame data
or the ultrasonic image, and the displacement image generat-
ing means generates a graph of transition of variation of the
reference measurement point set in the reference body.

6. The ultrasonic diagnostic apparatus according to claim
1, wherein the displacement image generating unit deter-
mines a center position of the graph representing the transi-
tion of the press state applied to the measurement target on a
basis of plural local maximum points and local minimum
points of the graph, superimposing and displaying an ampli-
tude threshold value line at a predetermined amplitude posi-
tion from the center position of the graph on the display unit,
and also superimposing and displaying a preset period line on
the display unit.

7. The ultrasonic diagnostic apparatus according to claim
6, wherein the displacement image generating unit changes a
display style for displaying onto the display unit with respect
to a place at which the transition of the press state deviates
from at least one of the period line and the amplitude thresh-
old value line of the graph.

8. An ultrasonic image processing method for generating
an ultrasonic image from RF signal frame data of a cross-
sectional site of an object, which RF signal frame data are
based on a reflection echo signal measured by transmitting/
receiving an ultrasonic wave to/from the object while the
object is pressed in a pressing direction by an ultrasonic
probe, and for generating an image for assisting the press of
the object by the ultrasonic probe, the ultrasonic image pro-
cessing method comprising:

setting a measurement target to the RF signal frame data or

the ultrasonic image, where the measurement target is
two measurement points in line along a same pressing
direction, at boundary portions of a tissue of interest
within the object;

tracing a positional variation of the set measurement target;

generating an elasticity image representing hardness or

softness of a tissue of the cross-sectional site of the
object on a basis of a pair of RF signal frame data
obtained at different times;

generating a graph representing transition of a press state

applied to the measurement target on a basis of a posi-
tional variation of the measurement target; and
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displaying the ultrasonic image, the elasticity image and
the generated graph on a display while being associated
with each other.

9. A non-transitory computer readable medium embodying
an ultrasonic image processing program for making a com-
puter execute a function of generating an ultrasonic image
from RF signal frame data of a cross-sectional site of an
object, which RF signal frame data are based on a reflection
echo signal measured by transmitting/receiving an ultrasonic
wave to/from the object while the object is pressed in a press-
ing direction by an ultrasonic probe, and for generating an
image for assisting the press of the object by the ultrasonic
probe, the program making the computer execute:

setting a measurement target to the RF signal frame data or

the ultrasonic image, where the measurement target is
two measurement points in line along a same pressing
direction, at boundary portions of a tissue of interest
within the object;

tracing a positional variation of the set measurement target;

generating an elasticity image representing hardness or

softness of a tissue of the cross-sectional site of the
object on a basis of a pair of RF signal frame data
obtained at different times;
generating a graph representing transition of a press state
applied to the measurement target on a basis of a posi-
tional variation of the measurement target; and

displaying the ultrasonic image, the elasticity image and
the generated graph on a display while being associated
with each other.

10. An ultrasonic image processing method for generating
an ultrasonic image from RF signal frame data of a cross-
sectional site of an object, which RF signal frame data are
based on a reflection echo signal measured by transmitting/
receiving an ultrasonic wave to/from the object while the
object is pressed in a pressing direction by an ultrasonic
probe, and for generating an image for assisting the press of
the object by the ultrasonic probe, the ultrasonic image pro-
cessing method comprising;

setting a reference measurement target to the RF signal

frame data or the ultrasonic image, where the reference
measurement target is two measurement points in line
along a same pressing direction, within a reference
object;

setting a measurement target to the RF signal frame data or

the ultrasonic image, where the measurement target is
two measurement points in line along a same pressing
direction, at boundary portions of a tissue of interest
within the object;

tracing a positional variation of the set reference measure-

ment target and the set measurement target;
generating an elasticity image representing hardness or
softness of the reference object and of a tissue of the
cross-sectional site of the object, on a basis of a pair of
RF signal frame data obtained at different times;

generating graphs representing transition of a press state
applied to the reference measurement target and the
measurement target, respectively, on a basis of a posi-
tional variation of the measurement target; and

displaying the ultrasonic image, the elasticity image and
the generated graphs on a display, while being associ-
ated with each other.
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