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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF DISPLAYING
ULTRASOUND IMAGE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and a method of displaying ultrasound
image, and more particularly, to an ultrasound diagnostic
apparatus and a method of displaying ultrasound image that
can display an elasticity image and a tomographic image of
the living body in a display format suitable to diagnostic
operation.

BACKGROUND ART

[0002] An ultrasound diagnostic apparatus iteratively
transmits ultrasonic waves from an ultrasound probe to a
subject at the time interval, the ultrasound probe receives
reflection echo signals on time series corresponding to the
iterative transmission of the ultrasonic waves, a receiving-
signal processing unit generates high-frequency (RF) frame
data corresponding to arbitrary tomographic planes of the
subject on time series on the basis of the received reflection
echo signal, and tomographic images (e.g., B-mode images)
on time series are restructured and displayed on the basis of
the RF frame data, thereby using the ultrasound diagnostic
apparatus for medical diagnosis.

[0003] For the above-mentioned ultrasound diagnostic
apparatus, in recent years, such a technology is proposed that
the elastic modulus and strain of the body tissue in the diag-
nostic part are measured and are displayed as an elasticity
image (refer to e.g., Patent Document 1). As mentioned
above, the subject is iteratively pressurized (compressed and
decompressed), the elasticity image is obtained with the
strain of the body tissue of the subject due to the pressure on
the basis of two pieces of the FR frame data on time series, the
elasticity (strain or elastic modulus) of each part of the body
tissue is obtained, and the elasticity image is displayed in a
display format (color image or binary image) corresponding
to the level of elasticity.

[0004] In the medical diagnosis, in the case of diagnosing
the diseased tissue such as cancer, a specific substance in the
blood having a relationship with the diseased tissue is gener-
ally examined with blood drawing. For example, as diagnosis
of the prostate cancer, PSA (Prostate Specific Antigen)
examination is well-known. The PSA is a substance gener-
ated in the prostate, so-called prostate-specific antigen. In the
case of the prostate cancer, the blood level increases and the
blood of a patient is therefore sampled and the blood level in
the PSA is examined, thereby diagnosing the prostate cancer.
The PSA examination can be performed only with the blood
sampling. Thus, in the case of suspecting the prostate cancer,
the PSA examination is first performed and a patient having a
high PSA value undergoes the ultrasonography or MRI
examination.

[0005] However, even if the PSA value is high, a cancer
cannot determined by the examination using the ultrasound
image or MR image. Therefore, the organ of prostate is
directly sampled with an invasion device such as a paracen-
tesis needle, thereby performing the diagnosis (cytology).
However, upon sampling the organ of the lesion, the lesion
which is suspected to have a cancer cannot be specified out of
the body. As a consequence, the paracentesis is actually
executed to the lesion at random plural times. The number of
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paracentesis times is varied depending on the medical facility.
Further, even with the paracentesis, a cancer cell cannot be
found. Therefore, there is a problem that the examination
takes a long time and the operation strains the patient.
[0006] Herein, the lesion of the cancer, etc. has the elastic-
ity of organ higher than that of the normal organ around the
lesion. Therefore, an elasticity image indicating the hardness
of organ with an ultrasound diagnostic apparatus is formed,
thereby enabling the position of the lesion to be specified.
Then, upon invading a paracentesis needle in the living body,
a color elasticity image of the lesion is superposed to a
B-mode tomographic image and the resultant image is dis-
played as a reference image. Then, it is expected that this
operation supports the paracentesis operation of the paracen-
tesis needle into the lesion.

[0007] Patent Document 1: JP No. 2000-60853 A
DISCLOSURE OF INVENTION
[0008] However, in order to capture the elasticity image, it

is necessary to iteratively perform operation for compressing
a region of interest of a subject with an ultrasound probe and
operation for decompressing it. Therefore, the paracentesis
operation for invading the paracentesis needle into the living
body while measuring the elasticity image has such a danger
that the paracentesis needle can damage the body tissue and
the paracentesis operation cannot be thus executed while
measuring the elasticity image.

[0009] On the other hand, in the case of diagnosis with the
body tissue having a motion as a region of interest, a tomo-
graphic image indicating the organ shape is set as a reference
image and the elasticity image is superposed to the reference
image and the resultant image is displayed. However, in the
comparative observation of both the images, the both images
change in accordance with the motion of the organ motion
and this can be an obstacle against proper diagnosis.

[0010] Then, it is an object of the present invention to
provide an ultrasound diagnostic apparatus that can display
the elasticity image and the tomographic image in a display
format suitable to diagnosis.

[0011] In order to solve the problem, an ultrasound diag-
nostic apparatus according to the present invention com-
prises: an ultrasound probe that iteratively transmits ultra-
sonic waves to a subject at time intervals, and receives
reflection echo signals on time series corresponding to the
iterative transmission of the ultrasonic waves; a receiving-
signal processing unit that processes the reflection echo sig-
nal received by the ultrasound probe; a tomographic image
constructing unit that forms tomographic images on time
series on the basis of the reflection echo signal; an elasticity
image constructing unit that obtains the displacement of the
body tissue of the subject, caused by pressure applied to the
subject, on the basis of the reflection echo signal, further
obtains the elasticity of parts in the body tissue on the basis of
the obtained displacement, and forms elasticity images on
time series; a superimposition-image forming unit that forms
a superimposition image of the tomographic image and the
elasticity image on time series; an input unit that inputs an
instruction for controlling the formation of the superimposi-
tion image; and a display unit that displays the superimposi-
tion image. The ultrasound diagnostic apparatus further com-
prises: a freezing control portion that inputs a freezing
instruction for freezing the display operation on time series of
any of the tomographic image and the elasticity image to the



US 2009/0124903 A1

input unit, and outputs an image selected on the basis of the
freezing instruction, as the frozen image, to the superimposi-
tion-image forming unit.

[0012] That is, the time-series display operation of any of
the tomographic image and the elasticity image is frozen,
thereby providing an image in the display format suitable to
the diagnosis. For example, in the paracentesis operation, the
pressurization to the subject stops and a freezing instruction
of'the elasticity image is input, and the paracentesis operation
can be precisely performed while checking the region of
interest with the frozen elasticity image superposed to the
tomographic image and displayed. In other words, the rela-
tively positional relationship between the ultrasound probe
and the advance/return position of the invasion device
attached to the ultrasound probe is generally fixed. Therefore,
a doctor as an operator of the invasion device can easily
specify the lesion as the paracentesis target on the basis of the
frozen elasticity image that is superposed to the tomographic
image captured by the ultrasound probe operated by himself/
herself and that is thus displayed. As a consequence, the
pressurization to the subject stops and the paracentesis opera-
tion can be then performed. It is possible to prevent such a
danger that the invasion device damages the body tissue and
to reduce the number of paracentesis time and reduce the
strain of the patient. Incidentally, the advance/return position
of the invasion device on the tomographic image can be
obtained with calculation. The advance/return position of the
invasion device on the superposed image can be displayed as
guide, as needed.

[0013] On the other hand, upon diagnosing the body tissue
(e.g., blood vessel) having a motion and the organ around the
tissue as the region of interest, the freezing instruction of the
tomographic image is input. Then, with the frozen tomo-
graphic image, the elasticity image changing on time series
can be observed while referring to the structure and position
of the region of interest. This operation can contribute to
proper diagnosis.

[0014] Herein, the freezing instruction can be input by an
operator at the start time of the operation of invasion device.
Further, the freezing control portion can be structured to stop
the output of the frozen elasticity image in response to a
freezing reset instruction to be input and output the elasticity
images on time series to the superimposed image forming
section. As a consequence, the operator inputs the freezing
reset instruction, thereby immediately displaying the elastic-
ity images as real-time images on time series and the corre-
spondence to operation for changing the paracentesis portion
is possible.

[0015] Further, in the ultrasound diagnostic apparatus
according to the present invention, the freezing control por-
tion selects the frozen image from among the images on time
series whose display operation on time series is frozen on the
basis of the freezing instruction, and outputs the selected
frozen image to the superimposition-image forming unit, and
the superimposition-image forming unit forms the superim-
position image on time series of the frozen image and the
image that is displayed on time series.

[0016] Furthermore, an elasticity image freezing instruc-
tion for freezing the display operation on time series of the
elasticity images is input to the input unit, the freezing control
portion selects the frozen elasticity image from the elasticity
image on time series on the basis of the elasticity image
freezing instruction, and outputs the selected image to the
superimposition-image forming unit, and the superimposi-
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tion-image forming unit forms the superimposition image on
time series of the frozen elasticity image and the tomographic
image on time series.

[0017] Alternatively, a tomographic image freezing
instruction for freezing the display operation on time series of
the tomographic image is input to the input unit. The freezing
control portion selects the frozen tomographic image from
the tomographic images on time series on the basis of the
tomographic image freezing instruction, and outputs the
selected image to the superimposition-image forming unit.
The superimposition-image forming unit forms the superim-
position image on time series of the frozen tomographic
image and the elasticity image on time series.

[0018] In addition, the input unit comprises input means
(e.g., akeyboard or track ball) that inputs the elasticity image
freezing instruction.

[0019] In addition, the ultrasound probe comprises a jig to
which an invasion device is attached. The jig has an advance/
return detecting sensor that detects the advance/return of the
invasion device to the subject. An advance signal of the inva-
sion device, output from the advance/return detecting sensor,
is input to the input unit as the elasticity image freezing
instruction.

[0020] Inaddition, the ultrasound probe comprises: a mag-
netic sensor that detects the position and attitude of the ultra-
sound probe in cooperation with the three-dimensional mag-
netic field generated around the subject; and an ultrasound
probe movement detecting portion that detects the movement
ofthe ultrasound probe on the basis of a detection signal of the
magnetic sensor. A signal indicating that the movement of the
ultrasound probe output from the ultrasound probe movement
detecting portion is not more than a setting threshold is input
to the input unit, as the elasticity image freezing instruction.
[0021] In addition, the ultrasound probe comprises a pres-
sure sensor that detects pressure applied to the subject. The
ultrasound diagnostic apparatus comprises a pressure mea-
suring portion that receives a pressure signal from the pres-
sure sensor and measures the pressure. A signal indicating the
time change of the pressure output from the pressure measur-
ing portion is not more than a setting threshold is input to the
input unit, as the elasticity image freezing instruction.
[0022] Upon using, as the elasticity image freezing instruc-
tion, the signal indicating the state in which the amount of
movement of the ultrasound probe or the pressure applied to
the subject is not more than the threshold, the display unit
displays a body mark indicating the portion of the subject, for
obtaining the elasticity image, and a probe mark indicating
the arrangement position of the ultrasound probe on the body
mark. The freezing control portion controls the setting thresh-
old in accordance with the type of the body mark and the
arrangement position of the probe mark. In place of this, or
together with this, the freezing control portion controls the
setting threshold in accordance with information on the sub-
ject.

[0023] Further, the freezing control portion selects, as the
frozen elasticity image, the elasticity image at the time for
inputting the freezing instruction from the elasticity images
on time series, and outputs the selected image to the super-
imposition-image forming unit.

[0024] Furthermore, the elasticity image forming unit com-
prises a frame memory that stores a plurality of the elasticity
images from the elasticity image on time series. The display
unit displays at least one of the plurality of elasticity images
stored in the frame memory. The input unit comprises means
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that selects a desired one from at least one of the displayed
elasticity images. The freezing control portion outputs the
selected desired elasticity image as the frozen elasticity
image to the superimposition-image forming unit.

[0025] In addition, the input unit inputs a freezing reset
instruction for resetting the freezing operation displayed on
time series. In this case, the freezing control portion outputs
the images on time series whose display operation on time
series is frozen to the superimposition-image forming unit on
the basis of the freezing reset instruction.

[0026] The ultrasound diagnostic apparatus according to
the present invention further comprises an amount-of-move-
ment calculating section that calculates the amount of move-
ment of the tomographic image after inputting the freezing
instruction from the tomographic image from the time for
inputting the freezing instruction. The superimposition-im-
age forming unit moves the position of the frozen elasticity
image to match the position of the tomographic image after
the freezing instruction by using the amount of movement. In
place of this, or together with this, the superimposition-image
forming unit outputs a warning message (e.g., warning dis-
play operation or warning sound) indicating the amount of
movement is over a setting threshold.

[0027] Further, the ultrasound probe is a hybrid ultrasound
probe comprising a cylindrical basic portion that can be
inserted in the body cavity of the subject, and an ultrasound
probe for transverse section having arrangement of a plurality
ofultrasound vibrators in the direction parallel with the tomo-
graphic surface and an ultrasound probe for longitudinal sec-
tion having arrangement of a plurality of ultrasound vibrators
in the direction orthogonal to the tomographic surface at the
end of the basic portion. In this case, the jig to which the
invasion device is attached supports the invasion device to be
capable of advance and return in the direction orthogonal to
an ultrasound emission surface of the ultrasound probe for
transverse section. The tomographic image constructing unit
forms a lateral tomographic image on the basis of the reflec-
tion echo signal corresponding to the ultrasound probe for
transverse section, and further forms a longitudinal tomo-
graphic image on the basis of the reflection echo signal cor-
responding to the ultrasound probe for longitudinal section.
The elasticity image constructing unit forms the elasticity
image on the basis of the reflection echo signal corresponding
to the ultrasound probe for transverse section. Thus, the ultra-
sound probe for longitudinal section captures the image of the
invasion device, and the invasion device is displayed on the
longitudinal tomographic image. As a consequence, the
operation operates the invasion device while directly observ-
ing the advance position of the invasion device and can
sample a desired organ cell of the lesion.

[0028] Further, the invasion device position calculating
section detects the advance/return position of the invasion
device on a longitudinal tomographic image, the invasion
device forms guide display indicating the advance/return
position on a lateral tomographic image, and the guide dis-
play is displayed on the lateral tomographic image. As a
consequence, the operator only observes the lateral tomo-
graphic image to which the elasticity image is superposed and
displayed, thereby directly observing the advance position of
the invasion device with images. The operation of the inva-
sion device is further simple, and a desired organ cell of the
lesion can be sampled without fail.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG.1isablock diagram showing the structure ofan
ultrasound diagnostic apparatus according to the first
embodiment of the present invention.
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[0030] FIG. 2 is a diagram for illustrating the structure of
one example of a probe.

[0031] FIG. 3 is a diagram for illustrating an example of
calculating the displacement in an amount-of-displacement
calculating section.

[0032] FIG. 4is a block diagram showing the structure of a
strain/elastic-modulus analyzing section.

[0033] FIG. 5is a block diagram showing the structure ofa
color scanner converter.

[0034] FIG. 6 is a diagram showing an image display
example according to the first embodiment.

[0035] FIG. 7 is a block diagram showing a coordinate
calculating section shown in FIG. 1 according to the second
embodiment.

[0036] FIG. 8A is a diagram for illustrating a calculating
method of the amount of motion of a tomographic image in a
coordinate calculating section according to the second
embodiment.

[0037] FIG. 8B is a diagram for illustrating moving opera-
tion of an ROl in the coordinate calculating section according
to the second embodiment.

[0038] FIG.9isablock diagram showing the structure ofan
ultrasound diagnostic apparatus according to the third
embodiment of the present invention.

[0039] FIG. 10 is a diagram showing a state for using a
hybrid probe for paracentesis of the prostate cancer.

[0040] FIG. 11 is a diagram showing one example of a
display image according to the third embodiment.

[0041] FIG. 12 is a diagram for illustrating a calculating
example of displacement in an amount-of-displacement cal-
culating section with a hybrid probe according to the third
embodiment.

[0042] FIG. 13 is a diagram showing another example of
the display image according to the third embodiment.

[0043] FIG. 14 is a diagram showing another example of
the display image according to the third embodiment.

[0044] FIG. 15 is a diagram showing another example of
the display image according to the third embodiment.

[0045] FIG. 16 is a diagram showing another example of
the display image according to the third embodiment.

[0046] FIG. 17 is a diagram showing another example of
the display image according to the third embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0047] Hereinbelow, a description will be given of ultra-
sound diagnostic apparatuses according to embodiments of
the present invention with reference to the drawings.

First Embodiment

[0048] FIG. 1 is a block diagram showing an ultrasound
diagnostic apparatus 1 according to the first embodiment of
the present invention. Referring to FIG. 1, an ultrasound
probe (hereinafter, referred to as a probe) 2 iteratively trans-
mits ultrasonic waves to a subject at time intervals, and
receives reflection echo signals on time series corresponding
to the iterative transmission of the ultrasonic waves. Although
not shown, the probe 2 has arrangement of a plurality of
vibrators, and further has a function for electrically scanning
the plurality of vibrators, performing ultrasound beam scan-
ning to a predetermined tomographic surface of the subject,
and receiving the reflection echo signals from the subject in
accordance with the ultrasound beam scanning. Incidentally,
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as the probe 2, e.g., a body-surface-type probe used for com-
ing into contact with the body surface of the subject and a
transrectal-type probe used for being inserted into the body
cavity can be applied. Further, the probe 2 has a magnetic
sensor 11 for measuring the position and attitude of the probe
2 in cooperation with the three-dimensional magnetic field
formed around the subject.

[0049] FIG. 2 shows an example of the probe 2 according to
the first embodiment. Referring to FIG. 2, the probe 2 accord-
ing to the first embodiment comes into contact with a body
surface 120, thereby being used. For example, a tomographic
image and an elasticity image of the body surface of the
mammary gland, thyroid, abdomen, etc. are captured and are
used for sampling the organ of the lesion. An adapter 121 as
a jig for supporting a paracentesis needle 105 is attached to
the probe 2. The adapter 121 supports the paracentesis needle
105 to be capable of advancing and returning in the direction
shown by anarrow 122. Further, the adapter 121 is attached so
that the advancing and returning position of the paracentesis
needle 105 matches the position of the ultrasound scanning
surface of the probe 2 and the advancing and returning direc-
tion of the paracentesis needle 105 is inclined at an angle 6 to
the central axis of the ultrasound scanning surface of the
probe 2. In this case, since the advancing and returning sur-
face of the paracentesis needle 105 is included in the ultra-
sound scanning surface, an image of the paracentesis needle
105 is drawn to the tomographic image. Further, a dispenser
107 arranged to the rear end of the paracentesis needle 105 is
operated, thereby invading the paracentesis needle 105 into
the subject. Further, the adapter 121 has a mechanism for
varying the angle 6 of the advancing and returning direction
of the paracentesis needle 105 at a plurality of setting steps.
Furthermore, referring also to FIG. 2, reference numeral 115
denotes the lesion as an example.

[0050] A transmitting unit 3 drives the probe 2 and gener-
ates a transmitting pulse signal for transmitting the ultrasonic
waves. Further, the transmitting unit 3 has a function for
setting a convergence point of the ultrasonic waves sent from
the probe 2 to an arbitrary depth of the subject. A receiving
unit 4 receives the reflection echo signal from the subject,
received by the probe 2, and performs signal processing such
as amplification with predetermined gain. Further, a transmis-
sion/reception separating unit 5 transmits the transmitting
pulse signal from the transmitting unit 3 to the probe 2, and
further transmits the reflection echo signal from the probe 2 to
the receiving unit 4 by switching a signal line. A phase shap-
ing and adding unit 6 inputs an echo signal subjected to
receiving processing by the receiving unit 4, controls the
phase, and shapes the phase and adds the phases, thereby
transmitting converged ultrasound beams to a plurality of
convergence points to form RF-signal frame data on time
series. The receiving unit 4 and phase shaping and adding unit
6 form a receiving-signal processing portion for forming RF
frame data on time series corresponding to the tomographic
surface of the subject.

[0051] A tomographic image constructing unit 7 restruc-
tures a grayscale tomographic image (e.g., monochrome
tomographic image) of the subject on the basis of the RF-
signal frame data output from the phase shaping and adding
unit 6. An elasticity image constructing unit 8 obtains the
displacement of the body tissue in the subject, due to the
increase/decrease in pressure applied to the subject on the
basis of the RF-signal frame data output from the phase
shaping and adding unit 6, and obtains the elasticity of parts
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in the body tissue on the basis of the obtained displacement
and forms a color elasticity image on time series. The gray-
scale tomographic image and color elasticity image restruc-
tured by the tomographic image constructing unit 7 and the
elasticity image constructing unit 8 are input to a switching
and adding unit 9. Further, the tomographic image construct-
ing unit 7 and the elasticity image constructing unit 8 indi-
vidually have a freezing control portion for outputting an
image selected on the basis of a freezing instruction input
from an operation console 43 forming an input unit, as the
frozen image, to the switching and adding unit 9. The opera-
tion console 43 is an input unit for performing various setting
and operation by a user.

[0052] The switching and adding unit 9 has a superimpo-
sition-image forming portion for forming an image displayed
on a display unit 10. That is, the switching and adding unit 9
has a function for displaying any of the grayscale tomo-
graphic image and the color elasticity image to the display
unit 10 in accordance with the input instruction, a function for
arranging and displaying the grayscale tomographic image
and color elasticity image on the display unit 10, and a func-
tion for allowing the display unit 10 to display a superimpo-
sition image obtained by adding the grayscale tomographic
image and the color elasticity image. The display unit 10
displays display image data output from the switching and
adding unit 9, as an image. Although not shown in FIG. 1, the
display unit 10 has a system control portion for entirely con-
trolling the ultrasound diagnostic apparatus 1.

[0053] Herein, a description will be given of the detailed
structure of the tomographic image constructing unit 7 and
the elasticity image constructing unit 8. The tomographic
image constructing unit 7 comprises a monochrome signal
processing section 12 and a monochrome scanning converter
section 13. The monochrome signal processing section 12
inputs the RF-signal frame data from the phase shaping and
adding unit 6, performs signal processing including gain cor-
rection, log compression, detection, contour emphasis, and
filter processing, and thus obtains tomographic image data.
Further, although not shown, the monochrome scanning con-
verter section 13 includes an A/D converter that converts the
tomographic image data from the monochrome signal pro-
cessing section 12 into a digital signal, a frame memory that
stores a plurality of pieces of converted tomographic image
data on time series, and a controller. Furthermore, the mono-
chrome scanning converter section 13 reads the tomographic
image frame data stored in the frame memory as one image
with the controller synchronously with TV, and outputs the
resultant data to the switching and adding unit 9. Moreover,
the monochrome scanning converter section 13 has a freezing
control portion that outputs, to the switching and adding unit
9, the image selected by the freezing instruction input from
the operation console 43 as the frozen image.

[0054] The elasticity image constructing unit 8 comprises:
an amount-of-displacement calculating section 14; a strain/
elastic-modulus calculating section 15; a strain/elastic-
modulus analyzing section 16; a color scanning converter
section 17; and a coordinate calculating section 18. In addi-
tion, the elasticity image constructing unit 8 includes a pres-
sure measuring portion that measures pressure applied to
pressure with the probe 2.

[0055] The amount-of-displacement calculating section 14
includes an RF-signal frame data selecting portion and a
calculating portion, selects one set of the RF-signal frame
data at different measurement time on the basis of the RF-
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signal frame data output from the phase shaping and adding
unit 6, and obtains the displacement of the body tissue. That
is, the RF-signal frame data selecting portion includes a frame
memory and a selecting portion, stores a plurality of pieces of
the RF-signal frame data from the phase shaping and adding
unit 6 to the frame memory, and selects one set of the stored
RF-signal frame data, i.e., two pieces of the RF-signal frame
data with the selecting portion. For example, the RF-signal
frame data selecting portion captures the RF-signal frame
data on time series on the basis of a frame rate of the image by
the phase shaping and adding unit 6, and sequentially stores
the selected data to the frame memory. Further, the selecting
section selects, as first data, the current-captured RF-signal
frame data (n) in accordance with the instruction from the
system control portion, and moreover selects one piece of the
RF-signal frame data (x) from the RF-signal frame data (n+1,
n+2, n+3, n+m) to be captured in future. That is, referring to
FIG. 3, the selecting portion selects, e.g., the current-captured
(n+1)-th RF-signal frame data and the next-captured (n+2)-th
RF-signal frame data. Incidentally, reference numerals n, m,
and x denote index numbers added to the RF-signal frame
data that are natural numbers.

[0056] Then, the calculating portion calculates the dis-
placement of the body tissue on the basis of the selected one
set of the RF-signal frame data (n, X). For example, as shown
in FIG. 3, upon transferring one set of the RF-signal frame
data (n, n+1), the calculating portion sets the RF-signal frame
data (n, n+1) as B-mode image frames (n, n+1), performs
one-dimensional or two-dimensional correlation processing
from the two frames, obtains the one-dimensional or two-
dimensional displacement distribution of the displacement at
the body tissue corresponding to points on the tomographic
image, and thus forms strain frame data n. In place of the
displacement, a moving vector (direction and size of the
displacement) of the body tissue can be obtained. The detec-
tion of the moving vector can use a well-known block match-
ing method. According to the block matching method, the
image is divided into blocks having NxN pixels, attention is
paid to the block within a region of interest, the block that is
the most approximate to the target block is searched from the
previous frames, and the moving direction and size of the
block are obtained and are set as the moving vector in the
center within the region of interest.

[0057] The strain/elastic-modulus calculating section 15
calculates the strain of the body tissue on the basis of the
displacement (e.g., moving vector) calculated by the amount-
of-displacement calculating section 14, and forms elasticity
image frame data of the elasticity image on the basis of the
strain. The strain is calculated by spatially differentiating the
displacement of the body tissue. On the other hand, the elastic
modulus is calculated by dividing the change in the pressure
operating the parts of the target organ by the change in the
displacement. For example, AL denotes the displacement cal-
culated by the amount-of-displacement calculating section
14, and AP denotes the pressure operating the parts of the
target organ. Strain S can be calculated by spatially differen-
tiating AL. Therefore, the strain S can be obtained by using an
expression of S=AL/X. Incidentally, x denotes the distance in
the differentiating direction. Further, the Young’s modulus
Ym serving as the Young’s modulus Ym of the most basic
(one-dimensional) model is calculated by an expression of
Ym=AP/S=(AP)/(AL/X). With the Young’s modulus Ym, the
elastic modulus of the body tissue corresponding to points of
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the tomographic image is calculated. As a consequence, two-
dimensional elasticity image data can be continuously
obtained.

[0058] Herein, in order to obtain the elastic modulus, as
mentioned above, it is necessary to obtain the pressure
applied to the parts of the body tissue. The well-known meth-
ods variously-proposed can be applied to a measurement
method of the pressure. According to the first embodiment,
although not shown, and the strain/elastic-modulus calculat-
ing section 15 has a pressure measuring portion that attaches
apressure sensor to the probe 2 used to come into contact with
the body surface of the subject, which detects the pressure
applied to the body surface of the subject by the probe 2, and
that estimates pressure (stress) applied to the parts of the body
tissue of the subject on the basis of the detected pressure.

[0059] Referring to FIG. 4, the strain/elastic-modulus ana-
lyzing section 16 comprises a frame memory control portion
21, a frame memory 22 that stores a plurality of pieces of
frame data, and an image processing portion 23. The image
processing portion 23 performs predetermined image pro-
cessing of the elasticity image frame data stored in the frame
memory 22. As the mage processing, e.g., it is possible to
properly use frame data selecting processing, adding process-
ing for stabilization that displays data for stabilization,
threshold processing, grayscale processing, and comparing
processing after the grayscale processing. The frame memory
control portion 21 performs processing writing, to the frame
memory 22, the elasticity image frame data output from the
strain/elastic-modulus calculating section 15 and processing
for reading the elasticity image frame data from the frame
memory 22 and outputting the read data to the color scanning
converter 17. Further, the frame memory control portion 21
controls the frame memory 22 upon performing various sig-
nal processing by the image processing portion 23 and the
frame memory 22.

[0060] Thecolor scanning converter section 17 converts the
analyzed elasticity image frame data, output from the strain/
elastic-modulus analyzing section 16, and hue information to
the converted data. That is, referring to FIG. 5, the color
scanning converter section 17 comprises a frame memory 29,
an RGB data memory 30 that stores hue information data, and
a memory control portion 31. That is, red (R), green (G), and
blue (B) serving as light’s three primary colors are added to
the analyzed elasticity image frame data. For example, the
elasticity data with large strain is converted into a red code,
and the elasticity data with small strain is converted into a
blue code.

[0061] The switching and adding unit 9 constitutes the
superimposition-image forming unit according to the first
embodiment. That is, the switching and adding unit 9 stores
the monochrome tomographic image data from the mono-
chrome scanning converter section 13 and the elasticity
image data from the color scanning converter section 17 into
the memory, and adds and combines the tomographic image
data and elasticity image data at a setting ratio in accordance
with the instruction from the system control portion, thereby
forming a display image. Brightness information and hue
information of pixels on the combined display image are
obtained by adding, at the setting ratio, the information of the
monochrome tomographic image and the color elasticity
image. Further, the switching and adding unit 9 selects the
image displayed on the display unit 10 from among the tomo-
graphic image data and elasticity image data and the com-
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bined display image data in accordance with the instruction
from the system control section.

[0062] Herein, a description will be given of the operation
of the ultrasound diagnostic apparatus 1 with the above-
mentioned structure. In the ultrasound diagnostic apparatus 1,
the transmitting unit 3 iteratively transmits ultrasonic waves
to the subject via the probe 2 that comes into contact with the
subject at the time intervals, the receiving unit 4 receives the
reflection echo signals on time series, generated from the
subject, and the phase shaping and adding unit 6 shapes the
phase and adds the phases, thereby forming RF-signal frame
data. Then, the tomographic image constructing unit 7 con-
verts the RF-signal frame data into the monochrome tomo-
graphic image and stores the resultant data to the frame
memory. The monochrome tomographic image stored in the
frame memory is read synchronously with TV, thereby dis-
playing the resultant data on the display unit 10 via the
switching and adding unit 9. On the other hand, the elasticity
image constructing unit 8 forms a color elasticity image on
the basis of the RF-signal frame data output from the phase
shaping and adding unit 6. The switching and adding unit 9
adds the above-obtained monochrome tomographic image
and color elasticity image, and forms the combined display
image, thereby displaying the resultant data on the display
unit 10. Herein, the switching and adding unit 9 cannot com-
bine the tomographic image data and the elasticity image data
in accordance with the instruction of the system control por-
tion, and can individually display the resultant data on the
display unit 10.

[0063] Next, a description will be given of an example of
processing of the strain/elastic-modulus analyzing section 16
and the color scanning converter section 17. According to the
first embodiment, input means such as the operation console
43 inputs a region ROI of interest for obtaining elasticity data
via the system control portion, sets the region ROI of interest
to the tomographic image, and obtains the elasticity image
data of only the region ROI of interest.

[0064] First, referring to FIG. 4, the frame memory control
portion 21 in the strain/elastic-modulus analyzing section 16
captures the strain data calculated by the strain/elastic-modu-
lus calculating section 15, as the elasticity image frame data,
ontimeseries (S-1, S, S+1 . ..) on the basis of frame unit, and
stores the resultant data to the frame memory 22 in the analy-
sis section. Then, the image processing portion 23 undergoes
the elasticity image frame data stored in the frame memory 22
to the image processing including frame data selecting pro-
cessing, adding processing for stabilization for display opera-
tion for stabilization, threshold processing, grayscale pro-
cessing, and comparing processing after the grayscale
processing. The frame data selecting processing is performed
to delete the strain frame data that does not reach the setting
value from among the elasticity image frame data obtained in
the continuous pressurizing processing and to form an image
of only the frame upon applying the proper amount of pres-
sure. Further, the adding processing for stabilization is per-
formed to execute smoothing processing in the time direction
of the elasticity image frame data that is calculated and dis-
played in real time and suppress the sharp change. The gray-
scale processing is performed to execute statistic processing
of the strain in the ROI for displaying the elasticity image on
the basis of the strain data calculated by the strain/elastic-
modulus calculating section 15, e.g., to calculate an average
value Savc of the strain of the body tissue within the ROI.
Then, a minimum value Smin (hard) and a maximum value
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Smax (soft) of the strain are arbitrarily set on the basis of the
average value, the interval between the minimum value and
the maximum value is divided into, e.g., 256 grayscales, and
values of the strain of the body tissue corresponding to the
pixels within the ROl into corresponding grayscales. As men-
tioned above, the elasticity image frame data having the
assigned hue and grayscale is stored to the frame memory 22.
Further, the threshold processing is performed to display,
with so-called binarization display, the color elasticity image
at the region having predetermined hardness on the display
unit 10. For example, in the grayscale processing, it is
assumed that the minimum value Smin=average value Savex
(A) and the maximum value Smax=average value Savex(B).
Further, the range of the threshold Sth is set as
Smin<Sth<Save or Save<Sth<Smax, thereby setting a
“threshold” having a quantitative value that is “harder” than
the average value by X times or is “softer” than the average
value by Y times. This threshold can be input and set from the
operation console 43 in the system control section. Then, the
“threshold” is compared with the strain data of the individual
pixels of the elasticity image frame data, and pixel data that is
not less than “threshold” or not-less-than the “threshold” is
extracted. As a consequence, blue or red can be assigned to
the pixel within the region harder than that of the threshold.
The elasticity image frame data processed with the threshold
is stored to the frame memory 22. Incidentally, it is possible to
prevent the threshold processing with the operation of the
operation console. The elasticity image frame data subjected
to the grayscale processing or the elasticity image frame data
subjected to the threshold processing is output, as the ana-
lyzed elasticity frame data, to the color scanning converter
section 17 on time series ((S-1)', S', (S+1), .. .). Incidentally,
the above description is given of the case of displaying the
color elasticity image only on the region of the body tissue,
having predetermined hardness, with the threshold process-
ing. On the other hand, the color elasticity image only on the
region having predetermined hardness or less may be dis-
played. In this case, inequality signs in the relations are
reversed.

[0065] Next, a description will be given of one example of
comparing processing after the grayscale processing by the
image processing portion 23. With respect to the elasticity
image frame data on time series subjected to the grayscale
processing, the pixel data of the current-measured elasticity
image frame data is compared with the pixel data of the
previously-measured elasticity image frame data. The pixel
data having the difference smaller than a setting value is
determined as that having the amount of pressure applied by
the probe 2. The pixel data having the difference larger than
the setting value is determined as that having the changed
amount of pressure. On the basis of the determination, only
the elasticity image frame data to be transferred to the color
scanning converter section 17, corresponding to the pixel
portion having the changed value can be updated. Inciden-
tally, the comparing processing after the grayscale processing
can be omitted with by the operation of the operation console
43.

[0066] Next, a description will be given of one example of
the processing of the color scanning converter section 17 in
accordance with FIG. 5. The analyzed elasticity image frame
data output from the strain/elastic-modulus analyzing section
16 is stored to the frame memory 29 by a write signal from the
memory control portion 31. The RGB data memory 30 pre-
viously stores the hue information data (R-, G-, and B-val-
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ues). The memory control portion 31 reads the analyzed elas-
ticity image frame data in the elasticity image frame data and
the hue information in the RGB data memory 30, and struc-
tures the color elasticity image. That is, the color scanning
converter section 17 reads the hue information in the RGB
data memory 30 corresponding to a value of the elasticity
image frame data in the frame memory 29, and adds the hue
information to the elasticity image frame data. The memory
control portion 31 outputs the color elasticity image to the
switching and adding unit 9.

[0067] Herein, a description will be given of the freezing
operation of the elasticity image in the operation of an inva-
sion device as the feature of the present invention. When the
operator starts the operation of the invasion device, referring
to FIG. 5, a freezing instruction of the elasticity image input
to the memory control portion 31 in the color scanning con-
verter section 17 is input from the operation console 43 pro-
vided for the system control section. The memory control
portion 31 comprises a function of a freezing control portion
according to the present invention. When the freezing instruc-
tion is input in the case of elasticity image frame data of an
(S)'-th frame, the memory control portion 31 stops the opera-
tion for writing the elasticity image frame data of the next
frame, output from the strain/elastic-modulus analyzing sec-
tion 16, to the frame memory 29. As a consequence, even if
inputting the analyzed elasticity image frame data from the
strain/elastic-modulus analyzing section 16, the operation for
writing the analyzed elasticity image frame data of an (S+1)
'-th frame and subsequent frames to the frame memory 29 is
not performed. Then, the memory control portion 31 reads the
elasticity image frame data of the (S)'-th frame in the frame
memory 29 and adds the hue information every time when the
strain/elastic-modulus analyzing section 16 inputs the ana-
lyzed elasticity image frame data of the (S+1)'-th frame and
subsequent frames, serving as subsequent frames of the (S)'-
frame, and outputs the color elasticity image of an (S)"-th
frame to the switching and adding unit 9. Incidentally, the
operation for writing the elasticity image frame data of a
plurality of frames to the frame memory 29 is possible, one of
the freezing instructions input from the operation console 43
can be selected, and the elasticity image frame data can be
output, as the frozen image, to the switching and adding unit
9

[0068] The tomographic image output from the mono-
chrome scanning converter section 13 as mentioned above
and the color elasticity image output from the color scanning
converter section 17 are superposed by the switching and
adding unit 9. The formed superposed image is displayed on
the display unit 10. An example of the superimposition image
will be shown in FIG. 6. According to the first embodiment,
referring to FIG. 6, since the paracentesis needle 105 is rep-
resented on the tomographic image, it is possible visibly
check a positional relationship between the paracentesis
needle 105 on the tomographic image and the lesion 115 of
frozen elasticity image superposed and displayed on the
tomographic image at a glance. If the advancing direction of
the paracentesis needle 105 is deviated from the paracentesis
needle 105 by checking FIG. 6, the adjustment is performed
by changing the angle of the paracentesis needle 105. Further,
the freezing operation of the elasticity image is reset and the
position and angle of the probe 2 are changed so that the
paracentesis needle 105 invades into the lesion 115. Thus, the
paracentesis operation of the paracentesis needle 105 can be
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accurately supported. As shown in FIG. 6, reference numeral
114 denotes a color bar indicating a relationship between the
level of elasticity and the hue.

[0069] According to the first embodiment, when the opera-
tor performs the operation of the invasion device, the freezing
instruction is input to the color scanning converter section 17
in the elasticity image constructing unit 8 from the operation
console 43 and the invasion operation of the paracentesis
needle into the living body thereafter starts, thereby prevent-
ing a danger that the invasion device such as the paracentesis
needle damages the body tissue.

[0070] Further, even if stopping the pressurizing operation
to the subject, the latest or desired elasticity image is super-
posed and displayed on the monochrome tomographic image
displayed in real time. Therefore, a doctor who operates the
invasion device can easily specify the lesion as a paracentesis
on the basis of the elasticity image superposed and displayed
on the tomographic image captured by the ultrasound probe
operated by himself/herself. As a consequence, the paracen-
tesis of the invasion device such as the paracentesis needle to
the lesion is possible on the basis of a relatively positional
relationship between the invasion device and the ultrasound
probe.

[0071] Further, uponresetting the freezing instruction input
from the operation console, the memory control portion 31
stops the output of the frozen elasticity image in response to
the instruction, and outputs the elasticity image on time series
stored in the cinema memory 30 to the color scanning con-
verter section 17 serving as a display image forming section.
Asa consequence, the operator resets the freezing instruction,
thereby immediately displaying the elasticity image on time
series as a realtime image. Therefore, the predetermined can
correspond to that for changing the paracentesis portion.
[0072] Further, the display unit 10 displays the color elas-
ticity image of the portion having predetermined hardness,
thereby grasping the hardened portion of the organ having
suspicion of cancer at a glance. The paracentesis portion can
be easily specified.

[0073] Although not shown in FIG. 2, a jig 106 that sup-
ports the paracentesis needle 105 can have an advance/return
detecting sensor that detects the advancing/returning position
of'the paracentesis needle 105. An advance signal detected by
the advance/return detecting sensor, indicating the start of
advance of the paracentesis needle 105 is input to the opera-
tion console 43, as the freezing instruction. Thus, the elastic-
ity image can be automatically frozen without operating the
operation console 43 by the operator and inputting the freez-
ing instruction. Further, as the freezing reset instruction, it is
possible to use a return signal indicating the end of the para-
centesis needle 105, output from the advance/return detecting
sensor.

Second Embodiment

[0074] As mentioned according to the first embodiment,
even if stopping the pressurization to the subject, the frozen
image of the latest or desired elasticity image is superposed
and displayed in real time on the monochrome tomographic
image. Therefore, a doctor serving as an operator of the
invasion device can easily specify the lesion as a paracentesis
target by viewing the frozen elasticity image. However, if the
time for operating the invasion device is long, the relatively
positional relationship between the probe 2 and the subject
can be deviated. In this case, since the elasticity image
updated in realtime is deviated from the frozen elasticity
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image, there is a danger that the paracentesis operation can be
performed to an erroneous position.

[0075] Then, according to the second embodiment, with the
coordinate calculating section 18 shown in shown in FIG. 1,
the position of the frozen elasticity image is corrected by the
following operation to the movement of the tomographic
image updated in real time. That is, referring to FIG. 7, the
coordinate calculating section 18 comprises: a Pre_frame
memory 32; a Post_frame memory 33; a frame memory con-
trol portion 34 to be controlled; and an amount-of-movement
calculating portion 35. The frame memory control portion 34
captures the tomographic image data, upon inputting the
freezing instruction, corresponding to the frozen elasticity
image from the monochrome signal processing section 12,
and stores the captured data to the Pre_frame memory 32.
Further, frame memory control portion 34 captures the tomo-
graphic image data after inputting the freezing instruction
from the monochrome signal processing section 12, and
stores the captured data to the Post_frame memory 33. The
amount-of-movement calculating portion 35 obtains the dis-
placement of the body tissue corresponding to points on the
tomographic image by performing the one-dimensional or
two-dimensional correlation processing with the tomo-
graphic image data corresponding to two frames stored to the
Pre_frame memory 32 and the Post_frame memory 33. Alter-
natively, the amount-of-movement calculating portion 35
searches for a block having the most approximate value
within a search range on the basis of the brightness value or a
value obtained by differentiating the brightness value for the
tomographic image data within a specific block with the
block matching method, and estimates the amount of move-
ment.

[0076] Hereinbelow, a description will be given of one
example of processing of the coordinate calculating section
18 having the above structure with reference to FIGS. 8A and
8B. Before inputting the freezing instruction from the opera-
tion console 43, the frame memory control portion 34 stores
the latest tomographic image data from the monochrome
signal processing section 12 from the Pre_frame memory 32.
In this case, no data is stored to the Post_frame memory 33.
Further, the frame memory control portion 34 stores the
tomographic image data (of, e.g., the (n)-th frame) in the
Pre_frame memory 32 upon inputting the freezing instruction
from the operation console 43, and stores, to the Post_frame
memory 33, the tomographic image data of subsequent
frames to the (n)-th frame (e.g., (n+1)-th frame, (n+2)-th
frame, . .. ).

[0077] The amount-of-movement calculating portion 35
calculates the amount of movement of the probe 2 from the
time for inputting the freezing instruction on the basis of the
tomographic image data in the Pre_frame memory 32, just
after stopping the operation for writing the tomographic
image data and freezing the operation, and the tomographic
image data in the Post_frame memory 33, updated in real
time. A description will be given of a calculating method of
the amount of movement based on the brightness information
of the tomographic image data with block matching method,
as a calculating method of the amount of movement with
reference to FIGS. 8A and 8B. With this calculating method,
the amount of movement of the probe 2 is calculated as the
amount of movement of the coordinates of the ROI 37 shown
in FIG. 8B. First, the amount-of-movement calculating por-
tion 35 has a correlation window 45 shown in FIG. 8A cor-
responding to two lines of the brightness values on the basis
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of'the start point of the ROI 37 in the tomographic image data
stored in the Pre_frame memory 32. Incidentally, the size of
the correlation window 45 can be arbitrarily determined. The
brightness values of the lines are subjected to differentiating
processing in the depth direction, and the ratio of change in
brightness value is calculated. Further, the sum (D1, D2) of
the calculated differentiated values is calculated for two lines.
Further, the amount-of-movement calculating portion 35 per-
forms the search operation plural times within an arbitrary
search range of the tomographic image data that is stored in
the Post_frame memory 33 and is always updated. In addi-
tion, the amount-of-movement calculating portion 35 calcu-
lates the sum (D1', D2') of the differentiated values every
one-time search, and further calculates ratios of K1=D1'/D1
and K2=D2/D2 with respect to the calculated D1 and D2. A
portion having the above-obtained results K1 and K2 that are
the most approximate to 1 is considered as the moving desti-
nation, and the amount of movement (address after the move-
ment) is estimated. In this case, results of K1>1 and K2>1 are
not considered.

[0078] Theamount of movement calculated by the amount-
of-movement calculating portion 35 as mentioned above is
output to the display unit 10 via the frame memory control
portion 34. The display unit 10 moves the color elasticity
image on the basis of the input amount of movement from
among the monochrome tomographic image and the color
elasticity image.

[0079] Forexample, as shown in FIG. 8B, upon moving the
start point (0,0) of the ROI 37 to (-1,3), the start point (0,0) of
the ROI 37, indicating the display start position or calculation
start position of the ROI 37, is used for calculation as a
parameter common to control software and hardware for
actually executing signal processing. Further, upon display-
ing the position on the display unit 10, the ROI 37 is displayed
on the basis of the start point (0,0). That is, as shown in FIG.
8A, upon calculating the movement of the start point (0,0) of
the ROI 37 to (-1,3), the start point of the ROI 37 is moved to
(-1,3) and the resultant point is displayed, as shown in FIG.
8B.

[0080] Intheabove description, one correlation window 45
is set. Further, the number of the correlation window 45 is
increased, thereby improving the precision for following
operation. For example, when the number of the correlation
window 45 is two, the ratio of the sum of the differentiated
values of the correlation windows 45 is calculated, and the
amount of movement is calculated by setting, as the moving
destination, the portion having the ratio of the sum of the
differentiated values of the correlation windows that is the
most approximate to 1, thereby improving the precision for
following operation.

[0081] For example, the magnetic sensor 11 attached to the
probe 2 directly measures the amount of movement of the
probe 2, the above-obtained amount of movement is input to
the amount-of-movement calculating portion 35 of the coor-
dinate calculating section 18, and the amount-of-movement
calculating portion 35 may calculate the amount of movement
of'the ROI 37. Further, the amount-of-movement calculating
portion 35 can output information, indicating the amount of
movement is over the setting threshold, to the display unit 10
viathe switching and adding unit 9, and can display the output
data on the image shown in FIG. 8B. Moreover, referring to
FIG. 8B, reference numeral 37 denotes an image display
region, and reference numeral 38 denotes a color bar.
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[0082] With the ultrasound diagnostic apparatus 1 accord-
ing to the second embodiment, in addition to the advantages
according to the first embodiment, the probe 2 is moved after
inputting the freezing instruction. Thus, even if the tomo-
graphic image is moved, it is possible to correct and display
the position of the color elasticity image with the following
operation of the tomographic image. Therefore, upon stop-
ping the increase/decrease in pressure to the body tissue and
performing the paracentesis, the position of paracentesis can
be specified without fail.

Third Embodiment

[0083] Herein, a description will be given of the support of
the operation of the paracentesis needle for sampling the
organ of the prostate cancer according to the third embodi-
ment. According to the first and second embodiment, the
operator specifies the lesion 115 as the paracentesis target on
the basis of the elasticity image, and the advancing direction
and position of the paracentesis needle 105 are adjusted on the
basis of the specifying result. According to the third embodi-
ment, in order to support the advancing operation of the
paracentesis needle 105, upon advancing the paracentesis
needle 105 along the jig, guide display operation indicating
where the paracentesis needle 105 is in the lesion 115 is
formed, and is displayed on the tomographic image or the
elasticity image. That is, according to the third embodiment,
referring to FIG. 9, an invasion device position calculating
section 19 is arranged in parallel with the coordinate calcu-
lating section 18 shown in FIG. 1 and a transrectal-type
hybrid probe is used as the probe 2. Others are the same as
those according to the first embodiment and a description
thereof is omitted.

[0084] FIG. 10 shows a state of the ultrasound diagnosis
using a prostate 112 according to the third embodiment. As
shown in FIG. 10, the probe 2 is a transrectal-type probe
inserted into the body cavity, and is a hybrid probe compris-
ing: a cylindrical base portion 101 that can be inserted into the
body cavity of the subject; a probe 102 for transverse section
that is formed by aligning a plurality of ultrasound vibrators
in the circumferential direction of the base portion 101; and a
probe 103 for longitudinal section obtained by aligning a
plurality of ultrasound vibrators to the base portion 101 in the
axial direction. According to the third embodiment, the probe
102 for transverse section has the plurality of ultrasound
vibrators that are aligned along the direction of the ultrasound
scanning surface (tomographic surface). The probe 103 for
longitudinal section is formed by aligning a plurality of ultra-
sound vibrators in the orthogonal direction of the tomo-
graphic surface of the probe 102 for transverse section.
[0085] Referring to FIG. 10, the jig 106 having the para-
centesis needle 105 is attached to the hybrid probe 2 accord-
ing to the third embodiment. The jig 106 supports the para-
centesis needle 105 to be capable of being advanced and
returned in the orthogonal direction of the ultrasound output
surface of the probe 102 for transverse section. Further, the
dispenser 107 arranged to the rear end of the paracentesis
needle 105 is operated so that the paracentesis needle 105 is
invaded into the subject.

[0086] Transmitting signals from the transmitting unit 3 are
alternately applied to the probe 102 for transverse section and
the probe 103 for longitudinal section of the hybrid probe 2
according to the third embodiment. Further, the reflection
echo signals received by the probe 102 for transverse section
and the probe 103 for longitudinal section are alternately
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input to the receiving unit 4 and the phase shaping and adding
unit 6, and the RF-signal frame data is individually formed
and is output to the tomographic image constructing unit 7 to
the elasticity image constructing unit 8.

[0087] The tomographic image constructing unit 7 restruc-
tures a lateral tomographic image on the basis of RF-signal
frame data received by the probe 102 for transverse section,
further restructures longitudinal and lateral tomographic
images on the basis of the RF-signal frame data received by
the probe 103 for longitudinal section, and displays the
restructured images on the display unit 10 via the switching
and adding unit 9. One example of the display image is shown
in FIG. 11.

[0088] In the elasticity image constructing unit 8, upon
selecting the longitudinal and lateral surface sides and calcu-
lating the displacement, referring to FIG. 12, the amount-of-
displacement calculating section 14 selects RF-signal frame
data that is obtained by thinning-out one piece of frame data,
that is, the n-th RF-signal frame data and the (n+2)-th RF-
signal frame data, longitudinal-strain frame data for calculat-
ing the displacement between a longitudinal_B-image n-th
frame and a longitudinal_B-image (n+1)-th frame is formed.
Upon selecting the transverse section and calculating the
displacement, as shown in FIG. 12, the amount-of-displace-
ment calculating section 14 selects the (n+1)-th RF-signal
frame data and (n+3)-th RF-signal frame data, and forms
lateral_strain frame data for calculating the displacement
between lateral_B-image n-th frame and a lateral_B-image
(n+1)-th frame.

[0089] The strain/elastic-modulus calculating section 15
can calculate the strain or elastic modulus on the basis of the
longitudinal or lateral strain frame data obtained by the
amount-of-displacement calculating section 14, similarly to
the first embodiment. According to the third embodiment, the
strain corresponding to the lateral tomographic image is
obtained on the basis of the lateral strain frame data. The color
elasticity image corresponding to the lateral tomographic
image is output to the switching and adding unit 9 via the
strain/elastic-modulus analyzing section 16 and the color
scanning converter section 17 on the basis of the strain data
corresponding to the above-obtained lateral tomographic
image.

[0090] Referringto FIG. 11, the display unit 10 displays the
lateral tomographic image 111 of the prostate at the left half
of'the screen and the longitudinal tomographic image 113 of
the prostate at the right half of the screen. The color elasticity
image 110 is superposed to the lateral tomographic image 111
and the resultant image is displayed on a fan-shaped region
(ROI) of interest, shown by a dotted line. Reference numeral
114 denotes a color bar indicating a relationship between the
level of elasticity and the image hue.

[0091] On the other hand, the invasion device position cal-
culating section 19 obtains the advancing direction and posi-
tion of the paracentesis needle 105 on the basis of the rela-
tively positional relationship between the probe 2 and the
paracentesis needle 105. Further, the position through which
the end of the paracentesis needle 105 on the tomographic
image upon advancing the paracentesis needle 105 is esti-
mated on the basis of the tomographic image data captured
from the monochrome signal processing section 12. Then, the
estimated position through which the end of the paracentesis
needle 105 is formed as guide display for displaying on the
tomographic image or the elasticity image, and is output to
the switching and adding unit 9.
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[0092] That is, the advancing and returning position of the
paracentesis needle 105 has a fixed relative positional rela-
tionship to the probe 2, and the coordinates of the probe 2 and
the tomographic image are relatively fixed. Then, the invasion
device position calculating section 19 can calculate at which
coordinate position of the displayed tomographic image
passes through upon advancing the paracentesis needle 105
into the subject. Further, since a guide display 118 such as an
outline x mark with as shown in FIG. 13, indicating the
passing position of the paracentesis needle 105 is displayed
on the lateral tomographic image, is formed, and is output to
the switching and adding unit 9. The guide display 118 is
superposed to the image and is displayed on the display unit
10.

[0093] Similarly, the passing position of the paracentesis
needle 105 is displayed on the lateral tomographic image and
the longitudinal tomographic image. Therefore, guide dis-
plays 120-1 and 120-2 shown by dotted lines in FIG. 11,
indicating the passing position of the paracentesis needle 105
is formed and is superposed and displayed on the image.
Referring to FIG. 11, the three guide displays 120-1 and
120-2 are displayed and, however, one of them is actually
displayed corresponding to an angle 6.

[0094] Further, the probe 103 for longitudinal section cap-
tures the image of the paracentesis needle 105, and the para-
centesis needle 105 is displayed on the longitudinal tomo-
graphic image. As a consequence, the operator operates the
paracentesis needle 105 while directly observing the invasion
position of the paracentesis needle 105 with the image, and
samples the organ cell of a desired lesion.

[0095] Hereinbelow, a description will be given of the sup-
porting sequence of the operation of the paracentesis needle
for sampling the organ of the prostate cancer with the above
structure according to the third embodiment. Referring to
FIG. 10, while the paracentesis needle 105 is pulled-out from
the jig 106, the probe 2 is inserted in the rectum and pressure
is applied to the prostate with the probe 2. Then, while
increasing and decreasing the pressure to the prostate, ultra-
sonic waves are iteratively sent from the probe 2 at the time
intervals, the lateral tomographic image and the longitudinal
tomographic image are structured on the basis of the RF
signal corresponding to the sent ultrasonic waves, and the
resultant image is displayed on the display unit 10. Further,
the color elasticity image corresponding to the lateral tomo-
graphic image, and the resultant image is superposed to the
lateral tomographic image displayed on the display unit 10
and is displayed. FIGS. 11 and 14 show examples of the
image displayed on the display unit 10 in this case. As shown
in the drawings, the color elasticity image 110 is superposed
to the lateral tomographic image 111 and the resultant image
is displayed. Then, the lesion 115 having the hardened organ
is displayed with, e.g., blue (B) and, therefore, the lesion 115
having the suspicion of the cancer is easily identified on the
image. Further, the guide display 120-1 of the paracentesis
needle 105 is superposed to the lateral tomographic image
111 and the resultant data is displayed and the guide display
120-2 is superposed to the longitudinal tomographic image
113 and the resultant data is displayed. Thus, the position of
the probe 2 is adjusted so that the guide displays 120-1 and
120-2 match the position of the lesion 115. As a consequence,
the paracentesis needle 105 can undergo the paracentesis into
the lesion 115 without fail, thereby preparing the sampling of
cell.
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[0096] Next, in order to start the paracentesis operation of
the paracentesis needle 105, a freezing instruction is input
from the operation console 43, and the pressurizing operation
of the subject with the probe 2 stops. Thus, the frozen color
elasticity image 110 is displayed on the display unit 10. Then,
the paracentesis needle 105 is invaded into the subject with
the lesion 115 checked by the color elasticity image 110, the
cell of the lesion 115 is sampled, and the paracentesis needle
105 is pulled-out.

[0097] Thatis, when the paracentesis needle 105 undergoes
the paracentesis operation, the latest frozen elasticity image
110 is superposed to the monochrome tomographic image
displayed in real time without pressurizing the subject. In
particular, the guide display 120-1 of the paracentesis needle
105 is superposed to the lateral tomographic image 111 and is
displayed. Further, the guide display 120-2 is superposed to
the longitudinal tomographic image 113 and is displayed.
Therefore, the paracentesis operation can be performed while
checking on the image that the guide displays 120-1 and
120-2 are positioned at the lesion 115 as the paracentesis
target. As a consequence, the operation for performing the
paracentesis of the paracentesis needle 105 to the specific
lesion 115 can be supported, thereby improving the possibil-
ity of paracentesis.

[0098] FIGS. 15 to 17 show other examples of the display
image obtained according to the third embodiment. FIG. 15
shows an example in which the lateral tomographic image
111 is displayed at the left half of the screen obtained by the
probe 102 for transverse section and the color elasticity image
110 subjected to the threshold processing corresponding to
the lateral tomographic image 111 is superposed to the lateral
tomographic image 111 and is displayed on the right half of
the screen. Similarly, the longitudinal tomographic image
obtained by the probe 103 for longitudinal section is dis-
played on the left side and the color elasticity image subjected
to the threshold processing corresponding to the longitudinal
tomographic image is superposed to the longitudinal tomo-
graphic image and is displayed on the right side.

[0099] Herein, in place of the display format of the lesion
115 shown in FIG. 15, referring to FIG. 16, the contour of the
lesion 115 can be displayed. Alternatively, a mark such as a
mark x can be displayed on the lesion 115. FIG. 17 shows an
example in which, in place of displaying the lesion 115 shown
in FIG. 15 with the color elasticity image subjected to the
threshold processing, the color elasticity image 110 that rela-
tively displays the level of elasticity without the threshold
processing with colors is displayed.

[0100] According to the third embodiment, the freezing
instruction and the freezing reset instruction are input from
the operation console 43 by the operator. Instead of this, the
jig 106 for supporting the paracentesis needle 105 has an
advance/return detecting sensor that detects the advancing
and returning position of the paracentesis needle 105. The
advance/return detecting sensor can use an advance signal for
detecting the advance start of the paracentesis needle 105.
Similarly, a return signal indicating the end of return of the
paracentesis needle 105, output from the advance/return
detecting sensor can be used as a freezing reset instruction.

Fourth Embodiment

[0101] According to the first to third embodiments, the
description is given of the example in which the operator
operates the operation console 43 and inputs the freezing
instruction input from the operation console 43 and of the
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example in which the signal detected by the advance/return
detecting sensor arranged to the jig 106 that supports the
paracentesis needle 105 is input to the operation console 43.
However, the present invention is not limited to this and the
freezing instruction can be input to the operation console 43
on the basis of the motion of the probe 2, as will be next
described.

[0102] That is, as shown in FIG. 1, the probe 2 comprises
the magnetic sensor 11 that detects the position and attitude of
the probe 2 in cooperation with the three-dimensional mag-
netic field generated around the subject. The coordinate posi-
tion calculating section 18 comprises a probe movement
detecting portion that detects the movement of the probe 2 on
the basis of the detection signal from the magnetic sensor 11.
Then, the probe movement detecting portion determines that
the paracentesis operation can start when the detected amount
of movement of the probe 2 is not more than a preset thresh-
old, and inputs the freezing instruction of the elasticity image
to the operation console 43.

[0103] That is, according to the fourth embodiment, the
operator fixes the probe 2 so as to start the paracentesis
operation and the elasticity image is then automatically fro-
zen. Therefore, the operation of the paracentesis can be con-
venient.

Fifth Embodiment

[0104] According to the fourth embodiment, the start of
paracentesis operation of the operator is determined on the
basis of the amount of movement of the probe 2. However,
when the operator starts the paracentesis operation, the pres-
surization to the subject with the probe 2 generally stops.
[0105] Then, the pressure applied to the subject with the
probe 2 is detected and, when the detected pressure is not
more than the preset threshold, it is determined that the para-
centesis operation can start. Further, the freezing instruction
of the elasticity image is input to the operation console 43.
Specifically, the probe 2 has a pressure sensor 20 that detects
the pressure applied to the subject. Further, the strain/elastic-
modulus calculating section 15 has a pressure measuring
portion that measures the pressure applied to the subject on
the basis of a pressure signal input from the pressure sensor
20. Furthermore, the change in pressure measured by the
pressure measuring portion over time is monitored and, when
the change in measurement pressure over time is not more
than the setting threshold, a signal indicating this state is set as
the freezing instruction, and is input to the operation console
43.

[0106] According to the fifth embodiment, the operator
stops the pressurizing operation with the probe 2 so as to start
the paracentesis operation and the elasticity image is then
automatically frozen. As a consequence, the operation of
paracentesis can be convenient.

Sixth Embodiment

[0107] Upon using the signal indicating that the amount of
movement of the probe 2 or the pressure applied to the subject
is not more than the threshold as the freezing instruction of the
elasticity image according to the fourth and fifth embodi-
ments, referring to FIG. 6 or 13, the display unit 10 displays
a body mark 119 indicating the portion of the subject where
the elasticity image is obtained and a probe mark 120 indi-
cating the arrangement position of the probe 2 on the body
mark 119. Further, the freezing control portion of the color
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scanning converter section 17 controls a threshold of pressure
applied to a mover of the probe 2 or the subject in accordance
with the arrangement position of the probe mark and the type
of the body mark.

[0108] That is, since the elasticity characteristics of the
organ of the subject are varied depending on the capturing
portion, preferably, the threshold may be changed depending
on the region of interest. In the case of an entirely soft portion,
high pressure is required to transmit the pressure to the depth
organ. Therefore, the threshold is preferably increased. On
the other hand, in the case of a hard organ, since even exces-
sively low pressure can be transmitted to the depth organ, the
threshold is preferably reduced.

[0109] Similarly, the elasticity characteristics of the organ
are varied depending on the age and sex of the subject. Then,
preferably, the upper portion of patient information is input
from the operation console 43 and the threshold is changed in
accordance with the input patient information.

[0110] In the case of women, since the organ is soft; the
threshold is preferably increased. On the other hand, in the
case of men, since the organ is hard, the threshold is prefer-
ably reduced. Incidentally, a single threshold can be con-
trolled or a plurality of thresholds can be combined.

Seventh Embodiment

[0111] The first embodiment uses the example in which the
elasticity image is frozen and displayed upon inputting the
freezing instruction. However, the present invention is not
limited to this. That is, the frame memory 29 of the color
scanning converter 17 in the elasticity image constructing
unit 8 stores a plurality of the elasticity images from among
the elasticity images on time series. Then, the color scanning
converter 17 can output at least one arbitrary elasticity image
from among the plurality of elasticity images stored in the
frame memory 29 to the switching and adding unit 9, and can
display the output elasticity image on the display unit 10.

[0112] The operation console 43 has input means that dis-
plays a plurality of the elasticity images at different time on
the display unit 10 and selects a desired elasticity image from
among at least one of the displayed elasticity images. Then,
the freezing control portion of the color scanning converter 17
can output the selected desired elasticity image, as the frozen
elasticity image, to the switching and adding unit 9.

Eighth Embodiment

[0113] The above-mentioned embodiments show the
examples in which the elasticity image is frozen. However,
according to the present invention, the tomographic image of
the superimposition image is frozen, thereby displaying the
elasticity image on time series. That is, a tomographic image
freezing instruction for freezing the display operation of the
tomographic images on time series can be input to the opera-
tion console 43. In this case, the monochrome scanning con-
verter 13 has a freezing control portion similar to the freezing
control portion of the color scanning converter 17. The freez-
ing control portion of the tomographic image selects the
frozen tomographic image from the tomographic images on
time series on the basis of the freezing instruction of the input
tomographic image, and outputs the selected image to the
switching and adding unit 9. Thus, the switching and adding
unit 9 forms the superimposition images on time series of the
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frozen tomographic image and the elasticity images on time
series, and displays the resultant images on the display unit
10.

[0114] According to the eighth embodiment, in the case of
diagnosing the body tissue having the motion of the blood
vessel as the region of interest, the elasticity image of the
region ofinterest can be obtained. In this case, the observation
ofthe change in elasticity image of the region of interest such
as the blood vessel is required. On the other hand, the tomo-
graphic image is superposed and displayed as a reference
image.

[0115] However, in the case of comparing the elasticity
image with the tomographic image and observing both the
images, both the images are changed in accordance with the
motion ofthe organ. Therefore, the tomographic image canbe
an obstacle to the observation of the elasticity image.

[0116] On the other hand, according to the eighth embodi-
ment, upon diagnosing the body tissue having the motion of
the blood vessel as the region of interest, the freezing instruc-
tion of the tomographic image is input from the operation
console 43. The position of the region of interest and the
organ structure are displayed with the frozen tomographic
image, and the elasticity of the region of interest can be
observed with the elasticity image changing on time series.
Therefore, this can contribute to the proper diagnosis. For
example, upon obtaining the elasticity image of the organ,
such as the blood vessel, which repeats the periodical con-
traction like the pulsation of the blood, the frozen tomo-
graphic image has a function of the reference image indicat-
ing the structure and position of the blood vessel. Further,
with the technology disclosed in Japanese Unexamined
Patent Application Publication No. 2004-141505, the tomo-
graphic image is frozen, thereby improving the frame rate of
the elasticity image.

Ninth Embodiment

[0117] With the ultrasound diagnostic apparatus according
to the present invention, the following ultrasound image dis-
play method can be employed. That is, the ultrasound image
display method comprises: a step (a) of applying pressure to
a subject; a step (b) of iteratively transmitting ultrasonic
waves to the subject at time intervals and receiving reflection
echo signals on time series corresponding to the iterative
transmission of the ultrasonic waves; a step (¢) of forming a
tomographic image ofthe subject on the basis of the reflection
echo signal; a step (d) of obtaining the displacement of the
subject, caused by the pressure, on the basis of the reflection
echo signal, and forming an elasticity image indicating the
elasticity of parts in the body tissue on the basis of the
obtained displacement; a step (e) of forming a superimposi-
tion image of the tomographic image and the elasticity image;
a step (f) of displaying the superimposition image; a step (g)
of displaying the superimposition images on time series by
iterating the steps (a) to (f); a step (h) of inputting a freezing
instruction for freezing the display operation on time series of
any of the tomographic image and the elasticity image; a step
(1) of selecting the frozen image on the basis of the freezing
instruction; and a step (j) of forming the superimposition
images on time series of the frozen image and the image
displayed on time series.

[0118] In this case, in the step (h), the freezing instruction
of the elasticity image for freezing the display operation on
time series of the elasticity image is input. In the step (i), one
of the formed plurality of elasticity images is selected as the
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frozen elasticity image on the basis of the freezing instruction
of the elasticity image. In the step (j), the superimposition
images obtained by the frozen elasticity image and the tomo-
graphic images displayed on time series are formed on time
series and the resultant images are displayed.

[0119] Further, in the step (h), the freezing instruction of
the tomographic image for freezing the display operation of
the tomographic images on time series is input. In the step (i),
one of the formed plurality of tomographic images is selected
as the frozen elasticity image on the basis of the freezing
instruction of the tomographic image. In the step (j), the
superimposition images obtained by the frozen tomographic
image and the elasticity images displayed on time series are
formed on time series and the resultant images are displayed.

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe that iteratively transmits ultrasonic
waves to a subject at time intervals, and receives reflec-
tion echo signals on time series corresponding to the
iterative transmission of the ultrasonic waves;

areceiving-signal processing unit that processes the reflec-
tion echo signal received by the ultrasound probe;

a tomographic image constructing unit that forms tomo-
graphic images on time series on the basis of the reflec-
tion echo signal;

an elasticity image constructing unit that obtains the dis-
placement of the body tissue of the subject, caused by
pressure applied to the subject, on the basis of the reflec-
tion echo signal, further obtains the elasticity of parts in
the body tissue on the basis of the obtained displace-
ment, and forms elasticity images on time series;

a superimposition-image forming unit that forms a super-
imposition image of the tomographic image and the
elasticity image on time series;

an input unit that inputs an instruction for controlling a
formation of the superimposition image; and

a display unit that displays the superimposition image,

the ultrasound diagnostic apparatus further comprising:

a freezing control portion that inputs a freezing instruction
for freezing the display operation on time series of any of
the tomographic image and the elasticity image to the
input unit, and outputs an image selected on the basis of
the freezing instruction, as the frozen image, to the
superimposition-image forming unit.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the freezing control portion selects the frozen
image from among the images on time series whose display
operation on time series is frozen on the basis of the freezing
instruction, and outputs the selected frozen image to the
superimposition-image forming unit, and

the superimposition-image forming unit forms the super-
imposition image on time series of the frozen image and
the image that is displayed on time series.

3. The ultrasound diagnostic apparatus according to claim

1, wherein an elasticity image freezing instruction for freez-
ing the display operation on time series of the elasticity
images is input to the input unit,

the freezing control portion selects the frozen elasticity
image from the elasticity image on time series on the
basis of the elasticity image freezing instruction, and
outputs the selected image to the superimposition-image
forming unit, and

the superimposition-image forming unit forms the super-
imposition image on time series of the frozen elasticity
image and the tomographic image on time series.
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4. The ultrasound diagnostic apparatus according to claim
1, wherein a tomographic image freezing instruction for
freezing the display operation on time series of the tomo-
graphic image is input to the input unit,

the freezing control portion selects the frozen tomographic
image from the tomographic images on time series on
the basis of the tomographic image freezing instruction,
and outputs the selected image to the superimposition-
image forming unit, and

the superimposition-image forming unit forms the super-
imposition image on time series of the frozen tomo-
graphic image and the elasticity image on time series.

5. The ultrasound diagnostic apparatus according to claim

3, wherein the input unit comprises input means that inputs
the elasticity image freezing instruction.

6. The ultrasound diagnostic apparatus according to claim

3, wherein the ultrasound probe comprises a jig to which an
invasion device is attached,

the jig has an advance/return detecting sensor that detects
the advance/return of the invasion device to the subject,
and

an advance signal of the invasion device, output from the
advance/return detecting sensor, is input to the input unit
as the elasticity image freezing instruction.

7. The ultrasound diagnostic apparatus according to claim

3, wherein the ultrasound probe comprises:

a magnetic sensor that detects the position and attitude of
the ultrasound probe in cooperation with the three-di-
mensional magnetic field generated around the subject;
and

an ultrasound probe movement detecting portion that
detects the movement of the ultrasound probe on the
basis of a detection signal of the magnetic sensor, and

a signal indicating that the movement of the ultrasound
probe output from the ultrasound probe movement
detecting portion is not more than a setting threshold is
input to the input unit, as the elasticity image freezing
instruction.

8. The ultrasound diagnostic apparatus according to claim

3, wherein the ultrasound probe comprises a pressure sensor
that detects pressure applied to the subject,

the ultrasound diagnostic apparatus comprises a pressure
measuring portion that receives a pressure signal from
the pressure sensor and measures the pressure, and

a signal indicating the time change of the pressure output
from the pressure measuring portion is not more than a
setting threshold is input to the input unit, as the elastic-
ity image freezing instruction.

9. The ultrasound diagnostic apparatus according to claim

7 or 8, wherein the display unit displays a body mark indicat-
ing the portion of the subject, for obtaining the elasticity
image, and a probe mark indicating the arrangement position
of the ultrasound probe on the body mark, and

the freezing control portion controls the setting threshold
in accordance with the type of the body mark and the
arrangement position of the probe mark.

10. The ultrasound diagnostic apparatus according to claim

7 or 8, wherein the freezing control portion controls the
setting threshold in accordance with information on the sub-
ject.

11. The ultrasound diagnostic apparatus according to claim

3, wherein the freezing control portion selects, as the frozen
elasticity image, the elasticity image at the time for inputting
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the freezing instruction from the elasticity images on time
series, and outputs the selected image to the superimposition-
image forming unit.
12. The ultrasound diagnostic apparatus according to claim
3, wherein the elasticity image forming unit comprises a
frame memory that stores a plurality of the elasticity images
from the elasticity image on time series,
the display unit displays at least one of the plurality of
elasticity images stored in the frame memory,
the input unit comprises means that selects a desired one
from at least one of the displayed elasticity images, and
the freezing control portion outputs the selected desired
elasticity image as the frozen elasticity image to the
superimposition-image forming unit.
13. The ultrasound diagnostic apparatus according to claim
1, wherein the input unit inputs a freezing reset instruction for
resetting the freezing operation displayed on time series, and
the freezing control portion outputs the images on time
series whose display operation on time series is frozen to
the superimposition-image forming unit on the basis of
the freezing reset instruction.
14. The ultrasound diagnostic apparatus according to claim
1, further comprising:
an amount-of-movement calculating section that calcu-
lates the amount of movement of the tomographic image
after inputting the freezing instruction from the tomo-
graphic image from the time for inputting the freezing
instruction,
wherein the superimposition-image forming unit moves
the position of the frozen elasticity image to match the
position of the tomographic image after the freezing
instruction by using the amount of movement.
15. The ultrasound diagnostic apparatus according to claim
1, further comprising:
an amount-of-movement calculating section that calcu-
lates the amount of movement of the tomographic image
after inputting the freezing instruction from the tomo-
graphic image from the time for inputting the freezing
instruction,
wherein the superimposition-image forming unit outputs a
warning message indicating the amount of movement is
over a setting threshold.
16. The ultrasound diagnostic apparatus according to claim
3, wherein the ultrasound probe is a hybrid ultrasound probe
comprising a cylindrical basic portion that can be inserted in
the body cavity of the subject, and an ultrasound probe for
transverse section having arrangement of a plurality of ultra-
sound vibrators in the direction parallel with the tomographic
surface and an ultrasound probe for longitudinal section hav-
ing arrangement of a plurality of ultrasound vibrators in the
direction orthogonal to the tomographic surface at the end of
the basic portion,
the jig to which the invasion device is attached supports the
invasion device to be capable of advance and return in
the direction orthogonal to an ultrasound emission sur-
face of the ultrasound probe for transverse section,
the tomographic image constructing unit forms a lateral
tomographic image on the basis of the reflection echo
signal corresponding to the ultrasound probe for trans-
verse section, and further forms a longitudinal tomo-
graphic image on the basis of the reflection echo signal
corresponding to the ultrasound probe for longitudinal
section, and
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the elasticity image constructing unit forms the elasticity
image on the basis of the reflection echo signal corre-
sponding to the ultrasound probe for transverse section.

17. An ultrasound image display method comprising:

a step (a) of applying pressure to a subject;

astep (b) of iteratively transmitting ultrasonic waves to the
subject at time intervals and receiving reflection echo
signals on time series corresponding to the iterative
transmission of the ultrasonic waves;

astep (¢) of forming a tomographic image of the subject on
the basis of the reflection echo signal;

a step (d) of obtaining the displacement of the subject,
caused by the pressure, on the basis of the reflection echo
signal, and forming an elasticity image indicating the
elasticity of parts in the body tissue on the basis of the
obtained displacement;

a step (e) of forming a superimposition image of the tomo-
graphic image and the elasticity image;

a step (f) of displaying the superimposition image;

astep (g) of displaying the superimposition images on time
series by iterating the steps (a) to (f);

astep (h) of inputting a freezing instruction for freezing the
display operation on time series of any of the tomo-
graphic image and the elasticity image;

a step (i) of selecting the frozen image on the basis of the
freezing instruction; and

14
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a step (j) of forming the superimposition images on time
series of the frozen image and the image displayed on
time series.

18. The ultrasound image display method according to
claim 17, wherein, in the step (h), an elasticity image freezing
instruction for freezing the display operation on time series of
the elasticity image is input,

in the step (i), one of the formed plurality of elasticity
images is selected as a frozen elasticity image on the
basis of the elasticity image freezing instruction, and

in the step (j), the superimposition images of the frozen
elasticity image and the tomographic image displayed
on time series are formed on time series and are dis-
played.

19. The ultrasound image display method according to
claim 17, wherein in the step (h), a tomographic image freez-
ing instruction for freezing the display operation on time
series of the tomographic image is input,

in the step (i), one of the formed plurality of tomographic
images is selected as a frozen elasticity image on the
basis of the tomographic image freezing instruction, and

in the step (j), the superimposition images of the frozen
tomographic image and the elasticity images displayed
on time series are formed on time series and are
displayed.
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