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Description
Technical Field

[0001] The present invention relates to an ultrasound imaging apparatus and an ultrasound probe of the apparatus,
by which a tomographic image of a target part in a subject is obtained by using ultrasound waves, and particularly relates
to an ultrasound elasticity imaging apparatus and an ultrasound probe of the apparatus, by which a distortion and a
modulus of elasticity are calculated for each point in a subject based on ultrasound received signal data of consecutive
time-series frames to display an elastic image indicating the hardness of a tissue.

Background Art

[0002] For ultrasound imaging apparatuses, the following methods are available: one method is to apply an external
force to a subject via an ultrasound wave transmit/receive surface of an ultrasound probe, determine a displacement of
each point in the subject by using a correlation operation of ultrasound wave received signal data on a pair of adjacent
time-series frames, measure a distortion by performing spatial differentiation on the displacement, and form an image
of distortion data, and another method is to form an image of elastic modulus data such as a Young’s modulus of a
tissue from a stress distribution caused by an external force and distortion data (e.g., Japanese Patent Application Laid-
Open No. 5-317313 and Japanese Patent Application Laid-Open No. 2000-60853). The external force applied to the
subject includes pressing and depressing the subject. Hereinafter, the external force will be simply referred to as "press-
ing." Ultrasound received signal frame data at a given time reflects, as information, the configuration and arrangement
of tissues in the subject at that time. In a method for obtaining tissue elasticity information by using ultrasound waves,
first by using ultrasound received signal data of a pair of frames obtained at regular time intervals, a displacement of
each part of a tissue is calculated. The displacement is caused by a pressure applied between the regular time intervals.
Then, displacement information undergoes spatial differentiation, so that distortions are calculated for all points in a
region of interest (ROI) and an elastic image is constructed and displayed. With an elastic image obtained based on
such distortion/elasticity modulus data (hereinafter, referred to as elastic frame data), the hardness of a tissue can be
measured and displayed.

[0003] In order to obtain high-quality elastic image data, it is preferable to apply a pressure causing a tissue of interest
to have a distortion of about 0.5 % to 1 %. In a time phase when a distortion within a proper range is not applied, extracted
elastic image data is disturbed. When obtaining ultrasound received signal frame data of a pair of frames at regular time
intervals, a high pressing speed at a certain time causes large distortion of a tissue at that time, and a low pressing
speed at a certain time causes small distortion of a tissue at that time. Therefore, the quality of two or more elastic image
data (particularly distortion image data) obtained in a series of pressing processes depends upon a pressing speed at
a time when obtaining ultrasound received signal frame data of a pair of frames for constituting the elastic image data.
[0004] In elasticity imaging using a conventional ultrasound imaging apparatus, a tissue of interest is manually pressed
by an ultrasound probe. Thus, it is difficult to keep pressing within a pressing speed range suitable for high image quality
all the time in a series of pressing processes. Further, a pressing speed is not constant at respective times, so that a
plurality of outputted elastic image data becomes temporally discontinuous and elastic images become discontinuous
between frames. Further, it is not possible to avoid a movement of hands in the pressing process. A pressing direction
varied between times also causes discontinuity of the elastic image data having been sequentially obtained. Therefore,
the quality of an elastic image depends upon the technique of the operator.

[0005] At the time intervals for obtaining ultrasound received signal frame data, a tissue of interest is moved out of a
measuring cross section by a pressure in the short axis direction of the probe, or displaced at high speed in the long
axis direction or pressing direction of the probe, so that the tissue of interest may deviate from ROI set by the imaging
apparatus. In this manner, due to an improper pressing direction or an excessive speed, ROl set by the imaging apparatus
may have an error (correlation operation error) region, in which a correct displacement cannot be calculated. In a deep
region where transmitted ultrasound waves can not reach due to attenuation and in a region with few ultrasound reflectors
(a cyst and a lesion having a liquid therein), ROI set by the imaging apparatus may have an error (correlation operation
error) region, in which a correct displacement cannot be calculated, because no received signal reflecting a property of
the tissue of interest with sufficient intensity cannot be obtained. Moreover, ROI set by the imaging apparatus may
include an error region where the calculation of a displacement is insignificant, due to the shape of the ultrasound probe
and the pattern of a tissue of interest, for example, in a region where the ultrasound probe is not in contact with the
subject. In these cases, a distortion image is not correctly displayed in the error region.

[0006] Furthermore, a region having a displacement close to 0 may be entirely distributed in ROI set by the imaging
apparatus due to a pressing speed of 0 or an insufficient pressing speed. Such pressing speeds occur when a pressure
is not applied to a tissue of interest at time intervals for obtaining a pair of ultrasound received signal frame data and a
pressing speed on a tissue of interest is too low. In this case, a distortion image indicating distortions calculated using
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the displacement has a low contrast over the ROI.

[0007] In elasticimaging using the conventional ultrasound imaging apparatus, an image is constructed and displayed
for all the measuring points of the set ROl without evaluating whether data (distortion or modulus of elasticity) outputted
as an arithmetic result is worth displaying or not (reliability and quality of data). Therefore, even though image information
on a region calculated under improper conditions is not worth displaying, the image information cannot be discriminated
from information worth displaying. As a result, an elastic image of one frame is constructed such that a region worth
displaying and a region not worth displaying are mixed, reducing the reliability of an elastic image.

[0008] In the conventional ultrasound imaging apparatus, whether a pressing operation for applying an external force
from a body surface to a living tissue of the subject is proper or not is not considered. Hence, it is not always possible
to obtain a proper elastic image.

[0009] In other words, an elastic image is obtained by determining a modulus of elasticity from a displacement (dis-
tortion) of each part of a living tissue and a pressure or the like, and imaging a distortion pattern qualitatively or a modulus
of elasticity quantitatively based on frame data of two tomographic images different in time series. The tomographic
images have been obtained by applying an external force to a living tissue. A distortion of each part of a living tissue
varies according to a pressing operation including a pressure, a pressing speed, a pressing time, a pressing direction
and the like. Without a certain distortion difference between adjacent two frames, a proper elastic image cannot be
generated.

[0010] Particularly, for simplicity, an external force is applied by pressing the ultrasound probe to a body surface of
the subjectin many cases, though an external force may be applied by mechanical device. A pressing state is considerably
changed by the feeling of the operator, and thus it is not always possible to obtain a proper elastic image. Similarly,
because of variations among subjects, even when an operation is performed in a uniform pressing state, a proper elastic
image cannot be always obtained.

[0011] Further, a pressing direction and the way to press may cause lateral displacement on a living tissue. Also in
this pressing operation, an elastic image may include disturbance (noise) caused by lateral displacement and a proper
elastic image may not be obtained.

[0012] The presentinvention is devised in view of these circumstances. An object of the present invention is to provide
an ultrasound imaging apparatus which can stably form a high-quality elastic image in a given time phase during elastic
imaging. An object of the present invention is also to provide an ultrasound imaging apparatus, by which when typical
and ideal data is hard to obtain in elastic imaging, a region of image information including an elastic value not worth
displaying is recognized as, e.g., noise, and an elastic image reflecting the information is constructed, high-quality elastic
imaging is enabled. Moreover, an object of the present invention is to provide the operator with pressing operation
information for obtaining a proper elastic image.

Disclosure of the Invention

[0013] In order to attain the object, the present invention relates to an ultrasound probe comprising an ultrasound
wave transmit/receive surface coming into contact with the contact surface of a subject, an ultrasound wave transmit/
receive section which transmits an ultrasound wave to the subject via the ultrasound wave transmit/receive surface and
the contact surface and receives an ultrasound wave reflected in the subject, and a pressing mechanism for performing
a pressing operation for applying a pressure to the contact surface perpendicularly to the ultrasound wave transmit/
receive surface via the ultrasound wave transmit/receive surface.

[0014] The pressing mechanism preferably comprises a holding part held by an operator, and an actuator for performing
the pressing operation by changing a distance between the ultrasound wave transmit/receive surface and the holding part.
[0015] The actuator preferably comprises a rack connected to one of the ultrasound wave transmit/receive surface
and the holding part, a pinion which is connected to the other of the ultrasound wave transmit/receive surface and the
holding part and engages with the rack, and a motor for driving the pinion.

[0016] The actuator preferably comprises a cylinder connected to one of the ultrasound wave transmit/receive surface
and the holding part, a piston which is connected to the other of the ultrasound wave transmit/receive surface and the
holding part and inserted into the cylinder, and a pump for feeding liquid to the cylinder.

[0017] Itis preferable that the contact surface is disposed in the subject, the ultrasound wave transmit/receive surface
is inserted into the subject, and the pressing mechanism performs the pressing operation in the subject.

[0018] The pressing mechanism preferably comprises a support surface coming into contact with an opposed contact
surface of the subject, the opposed contact surface being opposed to the contract surface in the subject, and an actuator
for performing the pressing operation by changing a distance between the ultrasound wave transmit/receive surface
and the support surface.

[0019] The actuator preferably comprises a rack connected to one of the ultrasound wave transmit/receive surface
and the support surface, a pinion which is connected to the other of the ultrasound wave transmit/receive surface and
the support surface and engages with the rack, and a motor for driving the pinion.
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[0020] The actuator preferably comprises a bag for supplying liquid between the ultrasound wave transmit/receive
surface and a surface of the ultrasound wave transmit/receive section, and a pump for changing an amount of the liquid
in the bag, and the ultrasound wave transmit/receive surface includes a surface of the bag.

[0021] The bag preferably comprises a first part serving as the ultrasound wave transmit/receive surface and a second
part other than the first part. The second part comprises a shell which is lower in flexibility than the first part and regulates
the moving direction of the first part.

[0022] The actuator preferably comprises a bag for supplying liquid between the ultrasound wave transmit/receive
surface and the support surface, and a pump for changing an amount of the liquid in the bag.

[0023] The actuator preferably comprises a plurality of bags for supplying liquid between the ultrasound wave transmit/
receive surface and the support surface, and a pump for changing an amount of the liquid in each of the plurality of
bags. The direction of the pressing operation is selected from a plurality of directions by selectively using at least one
of the plurality of bags.

[0024] Preferably, the ultrasound probe further comprises a cylindrical casing for storing the ultrasound wave transmit/
receive section, and the actuator comprises a ring-like bag which supplies liquid between the ultrasound wave transmit/
receive surface and a surface of the ultrasound wave transmit/receive section and is attached around the casing, and
a pump for changing an amount of the liquid in the bag. The ultrasound wave transmit/receive surface includes a surface
of the bag.

[0025] Preferably, the ultrasound probe further comprises a stopper which is attached around the bag and acts as the
support surface.

[0026] Preferably, the ultrasound probe further comprises a pressure measuring section for measuring a pressure
applied to the contact surface, and a pressure control section for controlling the pressing mechanism according to the
pressure measured by the pressure measuring section.

[0027] Preferably, the pressing mechanism comprises a bag having liquid and performs the pressing operation by
changing an amount of the liquid in the bag, and the pressure measuring section measures a pressure applied to the
contact surface by measuring a pressure of the liquid in the bag.

[0028] Preferably, the ultrasound probe further comprises a first casing for storing the ultrasound wave transmit/receive
section and a second casing for storing the pressing mechanism. The first casing comprises a first holding part held by
the operator and the second casing comprises a second holding part which is held by the operator and attached relative
tothe first holding part. The pressing mechanism comprises an actuator for performing the pressing operation by changing
a distance between the ultrasound wave transmit/receive surface and the second holding part.

[0029] The pressing mechanism preferably comprises a holding part held by the operator and a control switch which
is disposed on a position enabling the switch to be operable with a hand of the operator who holds the holding part and
controls the pressing operation of the pressing mechanism.

[0030] Further, the present invention relates to an ultrasound elasticity imaging apparatus comprising the ultrasound
probe, an ultrasound wave transmitting section for outputting an ultrasound signal for driving the ultrasound probe, a
displacement measuring section which obtains two tomographic image data different in time series from a reflected echo
signal received from the ultrasound probe and measures a displacement of each part in the subject based on the two
tomographic image data, an elasticity modulus calculating section for calculating a modulus of elasticity of a tissue of
each part in the subject based on displacement data of each part in the subject, the displacement data being measured
by the displacement measuring section, an image generating section for generating an elastic image based on a modulus
of elasticity determined by the elasticity modulus calculating section, and a display section for displaying the generated
elastic image.

[0031] Preferably, the ultrasound elasticity imaging apparatus further comprises a pressing period control section for
controlling a pressing period of the pressing mechanism according to a time interval of the two tomographic image data.
[0032] Moreover, the present invention relates to an ultrasound elasticity imaging apparatus comprising a signal
processing section for processing a signal detected by an ultrasound probe coming into contact with a subject tissue to
generate a tomographic image and a distortion elastic image, a display value evaluating section for evaluating the display
value of the generated distortion elastic image based on various data used in a process of generating the distortion
elastic image, an information adding section for adding hue information or monochrome information to the distortion
elastic image according to the evaluation result of the display value evaluating section, and a display section for displaying
the tomographic image and the distortion elastic image including information added by the information adding section.
[0033] Further, the present invention relates to an ultrasound elasticity imaging apparatus comprising an ultrasound
wave transmit/receive section which transmits and receives an ultrasound wave to and from a subject and outputs a
reflected echo signal, a tomographic scanning section for repeatedly obtaining ultrasound received signal frame data in
the subject including a kinetic tissue, with an ultrasound cycle by using a reflected echo signal from the ultrasound wave
transmit/receive section, a signal processing section for performing predetermined signal processing on the time-series
ultrasound received signal frame data obtained by the tomographic scanning section, a monochrome data converting
section for converting time-series tomographic frame data from the signal processing section to monochrome tomographic
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image data, a displacement measuring section for generating, based on the time-series ultrasound received signal frame
data obtained by the tomographic scanning section, displacement frame data indicating a movement or displacement
of each point on the tomographic image, a pressure measuring section for measuring or estimating a pressure in a body
cavity of a diagnosed part of the subject to generate pressure data, a distortion/elasticity modulus calculating section
for generating elastic frame data indicating a distortion and a modulus of elasticity of each point on the tomographic
image based on the displacement frame data and the pressure data, a display value evaluating section for devaluating
the display value of the elastic frame data based on various data used in a process of generating the elastic frame data,
an information adding section for adding hue information or monochrome brightness information to the elastic frame
data according to an evaluation result of the display value evaluating section, and a display section for displaying the
monochrome elastic image data and the elastic frame data including information added by the information adding section.
[0034] The information adding section preferably constructs elastic frame data by adding image information with a
gradation to a region worth displaying and adding single image information to a region not worth displaying, the single
information being different from the image information added with the gradation to the region worth displaying, so that
both of the region are distinguishable on an image.

[0035] The information adding section preferably constructs elastic frame data by adding image information with a
gradation to a frame worth displaying and adding single image information to a frame not worth displaying, the single
information being different from the image information added with the gradation to the region worth displaying, so that
both of the region are distinguishable on an image.

[0036] The display value evaluating section performs statistical processing using, as a population, the element data
of various data used for the process of generating the elastic frame data, and evaluates the display value of the elastic
frame data based on a statistical characteristic.

[0037] The display value evaluating section preferably evaluates the display value of the elastic frame data based on
the displacement frame data outputted from the displacement measuring section.

[0038] The display value evaluating section preferably evaluates the display value of the elastic frame data based on
the pressure data outputted from the pressure measuring section.

[0039] The display value evaluating section preferably evaluates the display value of the elastic frame data based on
the elastic frame data outputted from the distortion/elasticity modulus calculating section.

[0040] Preferably, the display value evaluating section automatically sets at least one of the position and range of a
region of interest for displaying the elastic frame data, according to a display value evaluation result of the elastic frame
data.

[0041] The display section preferably displays only the monochrome tomographic image data but does not display
the elastic frame data according to an evaluation result of the display value evaluating section.

[0042] Moreover, the presentinvention relates to an ultrasound elastic imaging apparatus comprising a signal process-
ing section for processing a signal detected by an ultrasound probe coming into contact with a subject tissue to generate
a tomographic image and a distortion elastic image, a display value evaluating section for evaluating the display value
of the generated distortion elastic image based on various data used in a process of generating the distortion elastic
image, and a display section for displaying only the tomographic image but does not display the distortion elastic image
according to an evaluation result of the display value evaluating section.

[0043] Further, the present invention relates to an ultrasound elasticity imaging apparatus comprising an ultrasound
probe for transmitting and receiving an ultrasound wave to and from a subject, ultrasound wave transmitting device for
outputting an ultrasound signal for driving the ultrasound probe, pressing device for applying an external force to the
subject, displacement measuring device which obtains two tomographic image data different in time series from a
reflected echo signal received from the ultrasound probe and measures a displacement of each part based on the two
tomographic image data, an elasticity modulus calculating section for calculating a modulus of elasticity of a tissue of
each part based on displacement data of each part of the subject, the displacement data being measured by the dis-
placement measuring device, image generating device for generating an elastic image based on a modulus of elasticity
determined by the elasticity modulus calculating device, and display device for displaying the generated elastic image,
wherein the device further comprises pressing decision device for analyzing the displacement data to decide whether
a pressing operation of the pressing device is proper or not, and decision output device for displaying a decision result
of the pressing decision device on the display device.

[0044] As described above, whether a pressing operation is proper or not is immediately displayed on the display
device, and thus the operator can obtain a proper elastic image by adjusting a pressure operation with pressing device
(e.g., probe) depending upon whether a displayed pressing state is proper or not. Further, whether a pressing operation
is proper or not is decided by analyzing displacement data, and thus it is possible to decide the suitability of a pressing
operation in consideration of variations among subjects. Consequently, it is possible to achieve elasticity imaging with
excellent usability for the operator.

[0045] In this case, the pressing decision device determines a distortion factor distribution in the tomographic image
based on displacement data, and decides whether a pressing operation performed by the pressing device is proper or
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not depending upon whether the distortion factor distribution is within a proper range or not. Additionally or instead of
this operation, the pressing decision device can determine a degree of lateral displacement in a tomographic image
based on displacement data, and decide whether a pressing operation performed by the pressing device is proper or
not depending upon whether the degree of lateral displacement is within a proper range or not. Moreover, the decision
output device outputs, through display or/and sound, a guidance for correcting a pressing operation based on a decision
result.

Brief Description of the Drawings
[0046]

FIG. 1is a block diagram showing the configuration of an embodiment of an ultrasound imaging apparatus according
to the present invention;

FIG. 2 is an outside drawing showing a liner array ultrasound probe;

FIG. 3 is an outside drawing showing an ultrasound probe having a pressing plate;

FIG. 4 is adiagram showing an ultrasound probe including an automatic pressing mechanism of a motor mechanism;
FIG. 5is adiagram showing an ultrasound probe including an automatic pressing mechanism of a pump mechanism;
FIG. 6 is a diagram showing an ultrasound probe where an automatic pressing unit is attached,;

FIG. 7 is a diagram showing an ultrasound probe comprising a pressure sensor;

FIG. 8 is a diagram for explaining the control of the automatic pressing mechanism according to pressure information
obtained by a pressure measuring section;

FIG. 9is an outside drawing of a transrectal ultrasound probe according to the embodiment of the present invention;
FIGS. 10 (a) and 10 (b) are diagrams showing an embodiment of the automatic pressing mechanism included in
the transrectal ultrasound probe;

FIGS. 11 (a) and 11 (b) are diagrams showing another embodiment of the automatic pressing mechanism included
in the transrectal ultrasound probe;

FIGS. 12 (a) and 12 (b) are diagrams showing another embodiment of the automatic pressing mechanism included
in the transrectal ultrasound probe;

FIGS. 13 (a) and 13 (b) are diagrams showing another embodiment of the automatic pressing mechanism included
in the transrectal ultrasound probe;

FIGS. 14 (a) and 14 (b) are diagrams showing another embodiment of the automatic pressing mechanism included
in the transrectal ultrasound probe;

FIGS. 15 (a) and 15 (b) are diagrams showing another embodiment of the automatic pressing mechanism included
in the transrectal ultrasound probe;

FIGS. 16 (a), 16 (b) and 16 (c) are diagrams showing another embodiment of the automatic pressing mechanism
included in the transrectal ultrasound probe;

FIG. 17 is a diagram showing an example of the operation of a bag shown in FIG. 15 (a);

FIG. 18 is a diagram showing another embodiment of the bag;

FIG. 19 is a block diagram showing an embodiment of a display value evaluating section shown in FIG. 1;

FIG. 20 is a diagram showing an example of measurement result frame data stored in a frame memory circuit of
FIG. 19;

FIG. 21 is a diagram showing an example of measurement quality frame data constructed by a measurement quality
evaluating circuit of FIG. 19;

FIG. 22 is a block diagram showing another embodiment of the display value evaluating section shown in FIG. 1;
FIG. 23 is a diagram showing an example of decision result frame data constructed by a display decision circuit of
FIG. 22;

FIG. 24 is a diagram showing an example of specific numeric values of the decision result frame data shown in FIG. 23;
FIG. 25 is a block diagram showing an embodiment of a color scan converter shown in FIG. 1;

FIG. 26 is a diagram showing an example of elastic hue frame data constructed by a hue information adding circuit
of FIG. 25;

FIG. 27 is a diagram showing an example of the elastic hue frame data before processing when the position and
range of ROl is automatically controlled;

FIG. 28 is a diagram showing an example of the elastic hue frame data after processing when the position and
range of ROl is automatically controlled;

FIG. 29 is a diagram showing an example of elastic hue frame data in which all element data is constructed with
the same single color and the elastic image data of a frame is displayed without gradation processing;

FIG. 30 is a block diagram showing the configuration of another embodiment of an ultrasound imaging apparatus
according to the present invention;
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FIG. 31 is a flowchart showing the steps of obtaining an elastic image in the ultrasound imaging apparatus of the
embodiment shown in FIG. 30;

FIGS. 32 (a) to 32 (e) are diagrams showing an example of displayed images according to the embodiment of FIG. 31;
FIG. 33 is a diagram showing an example of a distortion factor distribution used for deciding whether a pressing
operation is proper or not;

FIG. 34 is a flowchart for outputting as sound whether a pressing operation is proper or not;

FIGS. 35 (a) to 35 (e) are diagrams showing an example of displayed images according to the embodiment of FIG. 34;
FIG. 36 is a flowchart showing that an elastic image stored in cine memory is reproduced and displayed;

FIG. 37 is a block diagram showing a configuration around lateral displacement decision device according to the
embodiment of the present invention;

FIG. 38 is a flowchart mainly showing the steps in the lateral displacement decision device;

FIG. 39 is a diagram showing a state of a displayed image according to the embodiment of FIG. 37; and

FIG. 40 is a diagram for explaining a block matching method for detecting lateral displacement.

Best Mode for Carrying Out the Invention

[0047] The following will specifically describe examples of the present invention in accordance with the accompanying
drawings. FIG. 1is a block diagram showing an embodiment of an ultrasound imaging apparatus according to the present
invention. The ultrasound imaging apparatus obtains a tomographic image of a target part in a subject 1 by using
ultrasound waves and displays an elastic image indicating the hardness of a living tissue. As shown in FIG. 1, the
ultrasound imaging apparatus comprises an ultrasound probe 10 having an automatic pressing mechanism 20, an
ultrasound wave transmit/receive control circuit 201, a transmitter circuit 202, a receiver circuit 203, a phasing/adding
circuit 204, a signal processing section 205, a monochrome scan converter 206, an image display 207, an ultrasound
received signal frame data selecting section 208, a displacement measuring section 209, a pressure measuring section
210, adistortion/elasticity modulus calculating section 211, an elastic data processing section 212, a color scan converter
213, a switching adder 214, a display value evaluating section 215, and a device control interface 216.

[0048] The ultrasound probe 10 is formed of a number of oscillators arranged like strips. The ultrasound probe 10
mechanically or electronically performs beam scanning, transmits ultrasound waves to the subject 1, and receives
ultrasound waves reflected in the subject 1. The ultrasound wave transmit/receive control circuit 201 controls time to
transmit and receive ultrasound waves. The transmitter circuit 202 drives the ultrasound probe 10 to generate a trans-
mission pulse for generating ultrasound waves, and sets, at a certain depth, a convergent point of ultrasound waves
transmitted by a transmission phasing/adding circuit included in the transmitter circuit 202. The receiver circuit 203
amplifies a reflected echo signal, which has been received by the ultrasound probe 10, with a predetermined gain. The
number of amplified received signals corresponding to the number of oscillators are inputted as separate received signals
to the phasing/adding circuit 204. The phasing/adding circuit 204 is fed with the received signals having been amplified
by the receiver circuit 203, controls the phases of the signals, and forms ultrasound beams for one or more convergent
points. The signal processing section 205 is fed with the received signals from the phasing/adding circuit 204 and
performs kinds of signal processing including gain correction, log compression, detection, edge enhancement, filter
processing and the like.

[0049] The ultrasound probe 10, the ultrasound wave transmit/receive control circuit 201, the transmitter circuit 202,
the receiver circuit 203, the phasing/adding circuit 204, and the signal processing section 205 constitute ultrasound wave
transmit/receive device. A tomographic image is obtained by using the ultrasound probe 10 to scan the inside of the
subject 1 with an ultrasound beam in a fixed direction.

[0050] The monochrome scan converter 206 comprises tomographic scanning device for obtaining ultrasound received
signal frame data of the subject 1, which includes a kinetic tissue, with an ultrasound cycle by using a reflected echo
signal outputted from the signal processing section 205 of the ultrasound wave transmit/receive device and reading the
ultrasound received signal frame data with a cycle of a television system to display the data, and device for controlling
the system, for example, the monochrome scan converter 206 comprises an AD converter for converting a reflected
echo signal from the signal processing section 205 to a digital signal, two or more pieces of frame memory for storing
tomographic image data, which has been digitized by the AD converter, in time series, and a controller for controlling
the operations thereof.

[0051] The image display 207 displays time-series tomographic image data obtained by the monochrome scan con-
verter 206, that is, a B-mode tomographic image, and comprises a DA converter for converting, to an analog signal,
image data outputted from the monochrome scan converter 206 through the switching adder 214, and a color monitor
which is fed with an analog video signal from the DA converter and displays the signal as an image.

[0052] In the present embodiment, the ultrasound received signal frame data selecting section 208 and the displace-
ment measuring section 209 branch off from the output of the phasing/adding circuit 204, the pressure measuring section
210 is provided in parallel with these sections, the distortion/elasticity modulus calculating section 211 is provided in the
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subsequent stage of the pressure measuring section 210 and the displacement measuring section 209, the display value
evaluating section 215 branches off from the output of the displacement measuring section 209, the elastic data process-
ing section 212 and the color scan converter 213 are provided in the subsequent stage of the distortion/elasticity modulus
calculating section 211, and the switching adder 214 is provided on the output of the monochrome scan converter 206
and the color scan converter 213. The display value evaluating section 215 and the color scan converter 213 can be
freely controlled by an operator or the like through the device control interface 216.

[0053] The ultrasound received signal frame data selecting section 208 sequentially obtains, in frame memory included
in the ultrasound received signal frame data selecting section 208, ultrasound received signal frame data sequentially
outputted in time series from the phasing/adding circuit 204 with a frame rate of the ultrasound imaging apparatus (the
obtained ultrasound received signal frame data will be referred to as ultrasound received signal frame data N), selects
one of past ultrasound received signal frame data N-1, N-2, N-3, ..., N-M according to a control command of the ultrasound
imaging apparatus (the selected frame data will be referred to as ultrasound received signal frame data X), and outputs
a pair of ultrasound received signal frame data N and ultrasound received signal frame data X to the displacement
measuring section 209. A signal outputted from the phasing/adding circuit 204 is not limited to the ultrasound received
signal frame data. For example, | and Q signals obtained by complex-demodulating an ultrasound received signal may
be used.

[0054] The ultrasound received signal frame data selecting section 208 obtains period information between the selected
pair of ultrasound received signal frame data N and X, and the pressing operation of the automatic pressing mechanism
20 is controlled according to the period. The following will describe an example of the operations.

[0055] A period between the pair of ultrasound received signal frame data N and X selected by the ultrasound received
signal frame data selecting section 208 is determined according to the period of ultrasound received signal frame data
which is outputted from the phasing/adding circuit 204 and inputted to the ultrasound received signal frame data selecting
section 208 and the number of ultrasound received signal frame data thinned out between the past ultrasound received
signal frame data X and the current ultrasound received signal frame data N, which constitute the pair of ultrasound
received signal frame data. For example, when ultrasound received signal frame data serving as the output of the
phasing/adding circuit 204 has a period of 40 frames per second and a period between the pair of ultrasound received
signal frame data becomes 20 frames per second when the number of frames thinned out between the pair of ultrasound
received signal frame data N and X is one. The automatic pressing mechanism 20 obtains period information between
the pair of ultrasound received signal frame data N and X and controls the pressing speed of a pressing operation based
on the obtained period information.

[0056] For example, under the above conditions, when the period of ultrasound received signal frame data serving
as output from the phasing/adding circuit 204 is 40 frames per second and a period between the pair of ultrasound
received signal frame data N and X is 20 frames per second, it is assumed that a pressure is continuously applied at a
pressing speed VO enabling a distortion of 0.7% which is suitable for high image quality of a tissue of interest. Under
these circumstances, when the period of ultrasound received signal frame data serving as output from the phasing/
adding circuit 204 is changed to 20 frames per second by a change of the imaging conditions of the ultrasound imaging
apparatus, the period between the pair of ultrasound received signal frame data N and X is reduced by half to 10 frames
per second. In this case, when a pressure is still applied at the pressing speed VO, intermittence time between the
ultrasound received signal frame data is doubled, and thus a distortion of the tissue of interest increases to 1.4%, which
deviates from a range of distortions suitable for high image quality. As a result, continuously outputted elastic image
data is disturbed. Hence, in the automatic pressing mechanism 20 of the present embodiment, period information on
ultrasound received signal frame data is obtained. For example, under the above circumstances, the pressing speed is
reduced by half to V0/2. Hence, even when an ultrasound wave transmit/receive period varies due to a change of the
imaging conditions of the ultrasound imaging apparatus, it is possible to automatically control a pressing operation so
as to have the optimum pressing speed for obtaining a high-quality elastic image.

[0057] The automatic pressing mechanism 20 can arbitrarily switch a pressing speed, an amount of compression
(amplitude) accumulated in continuous pressurization/decompression, and the setting of a pressing operation. The
setting includes a pressure threshold value for stopping the pressing operation.

[0058] The displacement measuring section 209 performs one-dimensional or two-dimensional correlation processing
based on the pair of ultrasound received signal frame data selected by the ultrasound received signal frame data selecting
section 208, measures a displacement or a movement vector (direction and size of a displacement) of each measuring
point on a tomographic image, and generates displacement frame data. A method of detecting a movement vector
includes a block matching method and a gradient method which are disclosed in Japanese Patent Application Laid-
Open No. 5-317313. In the block matching method, an image is divided into, e.g., blocks of N X N pixels, the previous
frame is searched for a block most approximate to a block of interest in the current frame, and predictive coding is
performed with reference to the block.

[0059] The pressure measuring section 210 measures or estimates a pressure applied to a target part of the subject
1. The pressure measuring section 210 measures a pressure applied between the subject 1 and the probe head of the
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ultrasound probe 10. For example, the pressure measuring section 210 can be configured as follows: a pressure sensor
for detecting a pressure applied to a rod-like member is attached to a side of the probe head, a pressure between the
probe head and the subject 1 is measured in a given time phase, and a measured pressure is transmitted to the distortion/
elasticity modulus calculating section 211. The kind of the pressure sensor is not particularly limited. For example,
capacitance pressure sensors and wire resistance pressure sensors are available.

[0060] The distortion/elasticity modulus calculating section 211 calculates a distortion and a modulus of elasticity of
each measuring point on a tomographic image based on displacement frame data (movement amount) and a pressure
which are outputted from the displacement measuring section 209 and the pressure measuring section 210, generates
numeric data (elastic frame data) of a distortion or a modulus of elasticity, and outputs the data to the elastic data
processing section 212. For example, in the arithmetic operation of a distortion in the distortion/elasticity modulus cal-
culating section 211, pressure data is not necessary. A distortion is calculated by performing spatial differentiation on a
displacement. For example, a Young’s modulus Ym, one of moduli of elasticity, is determined by dividing a stress
(pressure) on each arithmetic point by a distortion on each arithmetic point as expressed in the formula below:

Ym;; = pressure (stress) ;;/(distortion ;)

(i,j=1,2,3,...)

where indexes i and j represent the coordinates of frame data.

[0061] The elastic data processing section 212 performs various kinds of image processing such as smoothing per-
formed on elastic frame data from the distortion/elasticity modulus calculating section 211 in a coordinate plane, contrast
optimization, and smoothing in the time-axis direction between the frames, and outputs processed elastic frame data to
the color scan converter 213.

[0062] The color scan converter 213 comprises hue information converting device which is fed with elastic frame data
outputted from the elastic data processing section 212 and a command from the device control interface 216 or an upper
limit value and a lower limit value of a gradation selection range in elastic frame data outputted from the elastic data
processing section 212, and adds, as elastic image data, hue information including red, green, and blue from the elastic
frame data. For example, regarding a region measured with a large distortion in elastic frame data outputted from the
elastic data processing section 212, the hue information converting device converts the corresponding region in the
elastic image data to a red code. Regarding a region with a small distortion, the hue information converting device
converts the corresponding region in the elastic image data to a blue code. The color scan converter 213 may be a
monochrome scan converter. Regarding the region measured with a large distortion, the corresponding region in the
elastic image data may be increased in brightness. Regarding the region measured with a small distortion, the corre-
sponding region in the elastic image data may be reduced in brightness.

[0063] The switching adder 214 is fed with monochrome tomographic image data from the monochrome scan converter
206 and color elastic image data from the color scan converter 213, adds or switches images, and outputs only one of
the monochrome tomographic image data and the color elastic image data or both of the image data after addition/
combination. For example, as described in Japanese Patent Application Laid-Open No. 2000-60853, a monochrome
tomographic image and a color or monochrome elastic image obtained by the monochrome scan converter may be
simultaneously displayed on two screens. Further, for example, a color elastic image may be translucently superimposed
and displayed on a monochrome tomographic image. Image data outputted from the switching adder 214 is outputted
to the image display 207.

[0064] FIG. 2 is a diagram showing the appearance of an ordinary one-dimensional linear array ultrasound probe.
Elements of oscillators which generate ultrasound waves and receive reflected echo are arranged in alignment on an
ultrasound wave transmit/receive surface 101 of the ultrasound probe 10. The oscillators generally have the function of
transforming an inputted pulse wave or a transmitted signal of a continuous wave into an ultrasound wave and transmitting
the ultrasound wave, and the function of receiving an ultrasound wave reflected from the inside of the subject 1, trans-
forming the ultrasound wave into a received signal, which is an electric signal, and outputting the signal.

[0065] FIG. 3 is an outside drawing of the ultrasound probe 10 for obtaining an elastic image with ultrasound waves.
The ultrasound probe 10 comprises a pressing plate 31 flush with the ultrasound wave transmit/receive surface 101.
When obtaining an elasticimage, while transmitting and receiving ultrasound waves through the ultrasound wave transmit/
receive surface 101, a pressing surface constituted of the ultrasound wave transmit/receive surface 101 and the pressing
plate 31 is brought into contact with the subject 1 and the subject 1 is pressed by moving the pressing surface up and
down to provide a target part of the subject 1 with a stress distribution. The pressing surface may be manually moved
up and down by the operator or the automatic pressing mechanism 20 described below.

[0066] As an embodiment of the automatic pressing mechanism 20 for performing the pressing operation of the
ultrasound probe, FIG. 4 shows an example using driving force of an actuator including a motor mechanism. In FIG. 4,
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the automatic pressing mechanism 20 moves up and down a pressing stage 102, on which the pressing surface constituted
of the ultrasound wave transmit/receive surface 101 and the pressing plate 31 is separated. The automatic pressing
mechanism 20 is constituted of a rack and pinion. The rack and pinion have a pinion 42 on the rotating shaft of a motor
mechanism 41 which is stored in a probe holding part 103 of the ultrasound probe 10 held by the operator, and a rack
43 on a support member 104 of the pressing stage 102. The motor mechanism 41 moves up and down the pressing
stage 102 relative to the probe holding part 103 through the rack and pinion in response to a control command from an
external motor control section 44. In other words, when the operator holds the probe holding part 103 to bring the pressing
stage 102 into contact with the subject 1, an actuator changes a distance between the pressing stage 102 and the probe
holding part 103, so that a pressure is applied to the subject 1 through the pressing stage 102. A switch 105 is an interface
which allows the operator to operate the automatic pressing mechanism 20 (motor control section 44), and the switch
105 is disposed on a position where the switch 105 is operable with fingers of the operator who holds the probe holding
part 103. The operator can adjust the turning on/off of the automatic pressing mechanism 20, a working pressure, and
a working period through the switch 105. The motor mechanism 41 may be a mechanism using an electromagnetic
motor, an ultrasound motor, and so on. A mechanism for transmitting power from the motor mechanism 41 to the pressing
stage 102 is not limited to the rack and pinion. For example, a cam may be provided in the motor mechanism 41 to
vertically drive the support member 104 according to the shape of the cam. Instead of a power transmission mechanism
such as arack and pinion, a direct-acting motor or the like may be directly connected to the pressing stage 102 and driven.
[0067] As another embodiment of the automatic pressing mechanism 20, FIG. 5 shows an example using driving force
applied by a pump mechanism. In FIG. 5, the automatic pressing mechanism 20 is constituted of a reciprocating cylinder
51 stored in the probe holding part 103 of the ultrasound probe 10 held by the operator. The support member 104 of the
pressing stage 102 is connected to a piston 511 of the cylinder 51. The cylinder 51 is connected to a pump 53 via a tube
52, and the piston 511 in the cylinder 51 is moved up and down by the pressure control of the pump 53. With this structure
linked to the piston, the pressing stage 102 is automatically moved up and down. The switch 105 is an interface which
allows the operator to operate the automatic pressing mechanism 20 (pump 53). The switch 105 is disposed on a position
where the switch 105 is operable with fingers of the operator who holds the probe holding part 103. The working fluid
of the pump mechanism is not particularly limited. Water, oil, air or the like may be used.

[0068] In the foregoing embodiment, a motor mechanism for driving the pressing stage 102 and a driving mechanism
such as a pump mechanism are provided on the side of the probe holding part 103. The driving mechanism may be
provided on the side of the pressing stage 102. The above explanation described that the ultrasound probe 10 includes
the automatic pressing mechanism 20. The automatic pressing mechanism 20 may be attached to the outside of an
existing ultrasound probe.

[0069] FIG.6is adiagram showing another embodiment of the automatic pressing mechanism 20 in which an operation
similar to the driving of the pressing stage can be performed by attaching an automatic pressing unit 60 to the outside
of an existing ultrasound probe. The automatic pressing unit 60 comprises an ultrasound probe fixing mechanism 61 for
holding the existing ultrasound probe 10 in a fixing manner and a driving mechanism 62 for linearly (vertically) driving
the ultrasound probe fixing mechanism 61. The switch 105 is an interface which allows the operator to operate the
automatic pressing mechanism 60. The switch 105 is disposed on a position where the switch 105 is operable with
fingers of the operator who holds the automatic pressing unit 60. The ultrasound probe fixing mechanism 61 comes into
contact with the neck of the probe holding part 103 of the ultrasound probe 10 and holds the ultrasound probe 10 in a
fixing manner. The ultrasound probe 10 fixed thus by the ultrasound probe fixing mechanism 61 is similar to the pressing
stage of FIG. 4. The probe holding part 103, that is, the ultrasound probe 10 is moved up and down using a rack and
pinion constituted of a rack 63 on the support member 62 of the ultrasound probe fixing mechanism 61 and a pinion 65
on the rotating shaft of a driving mechanism (motor mechanism) 64. In FIG. 6, two gears 66 and 67 for power transmission
are provided between the rack 63 and the pinion 65. A casing including the automatic pressing unit 60 is detachably
attached outside the casing of the existing ultrasound probe 10. When the operator holds the automatic pressing unit
60, the ultrasound probe 10 can be moved up and down as a pressing stage.

[0070] The following will describe an embodiment in which a pressure applied from the pressing surface to the skin
of the subject 1 is measured by the pressure measuring section 210 and the operations of the automatic pressing
mechanism 20 are controlled using pressure data. FIG. 7 is a diagram showing an embodiment of the ultrasound probe
10 comprising the pressure measuring section 210 for measuring a pressure applied between the ultrasound wave
transmit/receive surface 101 of the ultrasound probe 10 and the skin of the subject 1. As shown in FIG. 7, the ultrasound
probe 10 comprises the pressure measuring section 210 composed of pressure sensors 71 to 76 disposed on the edge
of the pressing plate 31. As shown in FIG. 1, a pressure between the pressing plate 31 and the skin of the subject 1 is
measured in a given time phase by using the ultrasound probe 10. Pressure data is outputted to the automatic pressing
mechanism 20 and the distortion/elasticity modulus calculating section 211. In other words, the automatic pressing
mechanism 20 of the present embodiment obtains pressure data measured by the pressure measuring section 210 and
controls the pressing operation of the automatic pressing mechanism 20 according to the pressure data. The pressure
measuring section 210 may obtain pressure data by measuring a load applied to the driving mechanism of the automatic
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pressing mechanism 20 and calculating, according to the load, a pressure applied from the pressing surface to the skin
of the subject 1.

[0071] The following will describe the case where the automatic pressing mechanism 20 and the pressure measuring
section 210 are connected to each other as shown in FIG. 1 and the operations thereof are controlled. FIG. 8 is a diagram
showing an example of the automatic pressing mechanism 20 using driving force applied by the motor mechanism 41
of FIG. 4. As shown in FIG. 8, the pressure data of the pressure sensors 71 to 76 disposed on the edge of the pressing
plate 31 is inputted to the motor control section 44 of the automatic pressing mechanism 20. The motor control section
44 outputs a motor control signal corresponding to the pressure data to the motor mechanism 41 and controls the motor
mechanism 41 to perform a desired pressing operation.

[0072] The automatic pressing mechanism 20 of the present embodiment makes it possible to stop the operation of
the automatic pressing mechanism 20 when the pressure measuring section 210 receives a pressure equal to or larger
than a reference pressure, so that an excessive pressure is not applied to the subject. In the case of an elastic image,
it is known that a pressure range enabling a high-quality elastic image is present and a pressure exceeding the upper
limit value or a pressure lower than the lower limit value disturbs an elastic image. According to the automatic pressing
mechanism 20 of the present embodiment, when the pressure measuring section 210 measures a pressure equal to or
larger than a threshold value in a continuous pressing process, the operations of the automatic pressing mechanism 20
can be controlled to switch the pressing process to a continuous decompressing process. Conversely, when the pressure
measuring section 210 measures a pressure equal to or smaller than a threshold value in a continuous decompressing
process, the operations of the automatic pressing mechanism 20 can be controlled to switch the decompressing process
to a continuous pressing process. A proper pressing state can be kept all the time by repeating these operations. Hence,
it is possible to efficiently obtain a high-quality elastic image in a limited imaging time.

[0073] The following will describe an intra-corporeal ultrasound probe for obtaining an elastic image of the subject by
using ultrasound waves according to the embodiment of the present invention. Oral, transanal, transvaginal, and en-
dovascular ultrasound probes are available for parts of the subject where the ultrasound probe is inserted. The present
invention is applicable to any type of the ultrasound probes. A transrectal probe inserted into a rectum through the anus
of the subject will be discussed below as an example.

[0074] FIG. 9is an outside drawing of a transrectal ultrasound probe 80 according to the embodiment of the present
invention. When the operator holds a probe holding part 81 and inserts an insertion part 82 into the rectum of the subject,
the ultrasound wave transmit/receive surface 101 comes into contact with the inner surface of the rectum of the subject.
The pressing stage 102 comprising the pressing surface constituted of the ultrasound wave transmit/receive surface
101 and the pressing plate 31 can move relative to the insertion part 82. The pressing stage 102 is pressed to the inner
surface of the rectum of the subject by the automatic pressing mechanism 20. The switch 105 is an interface which
allows the operator to operate the automatic pressing mechanism. The switch 105 is disposed on a position where the
switch 105 is operable with fingers of the operator who holds the probe holding part 81.

[0075] FIG. 10 (a) is a diagram showing an embodiment of the automatic pressing mechanism 20 included in the
transrectal ultrasound probe 80. FIG. 10 (b) is a diagram showing the transrectal ultrasound probe 80 of FIG. 10 (a) in
the direction of an arrow 10 (b). In this embodiment, as in the embodiment shown in FIG. 4, the action of the actuator
including the motor mechanism 41, the pinion 42, and the rack 43 moves up and down moves the pressing stage 102
relative to the insertion part 82 in FIG. 10 (b). At this point, the insertion part 82 has a surface opposite from the pressing
stage 102 and the surface is in contact with, as a support surface, an inner surface of the rectum of the subject. The
inner surface is opposite from an inner surface facing an imaging target. Thus, when the actuator changes a distance
between the pressing stage 102 and the support surface, a pressure is applied to the inner surface where the pressing
stage 102 is in contact with the rectum of the subject.

[0076] FIG. 11 (a) is a diagram showing another embodiment of the automatic pressing mechanism 20 included in
the transrectal ultrasound probe 80. FIG. 11 (b) is a diagram showing the ultrasound probe 80 of FIG. 11 (a) in the
direction of an arrow 11 (b). In this embodiment, a fluid is supplied or discharged to and from a bag 83 by a pump 53
and a tube 52, which are similar to those of the embodiment shown in FIG. 5, to expand or shrink the bag 83. Thus, the
pressing stage 102 is vertically moved relative to the insertion part 82 in FIG. 11 (a) and a pressure is applied to an inner
surface of the rectum of the subject. The pressing stage 102 is in contact with the inner surface.

[0077] FIG. 12 (a) is a diagram showing another embodiment of the automatic pressing mechanism 20 included in
the transrectal ultrasound probe 80. FIG. 12 (b) is a diagram showing the ultrasound probe 80 of FIG. 12(a) in the
direction ofanarrow 12 (b). In this embodiment, five systems of pumps, tubes, and bags are provided as in the embodiment
of FIGS. 11(a) and 11(b). Bags 83A, 83B, 83C, 83D, and 83E are expanded and shrunk by pumps 53A, 53B, 53C, 53D,
and 53E and tubes 52A, 52B, 52C, 52D, and 52E. The bags 83A, 83B, 83C, 83D, and 83E are selectively expanded
and shrunk, so that the pressing stage 102 can move relative to the insertion part 82 in the directions of arrows A, B, C,
D, and E of FIG. 12 (b). Thus, it is possible to apply a pressure to the inner surface of the rectum of the subject in a
direction desired by the operator.

[0078] FIG. 13 (a) is a diagram showing another embodiment of the automatic pressing mechanism 20 included in
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the transrectal ultrasound probe. FIG. 13 (b) is a diagram showing the ultrasound probe of FIG. 13 (a) in the direction
of an arrow 13 (b). In this embodiment, bags 83A, 83B, 83C, 83D, and 83E are attached outside an existing transrectal
ultrasound probe as in the embodiment shown in FIGS. 12 (a) and 12 (b), and the bags are expanded and shrunk by
five pumps (not shown) connected via tubes 52A, 52B, 52C, 52D, and 52E. The surfaces of the bags 83A, 83B, 83C,
83D, and 83E act as support surfaces coming into contact with an inner surface of the rectum of the subject. The inner
surface is opposite from an inner surface facing an imaging target. The bags 83A, 83B, 83C, 83D, and 83E are selectively
expanded and shrunk, so that the inserted part 82 can be entirely moved relative to the rectum of the subject in the
directions of arrows A, B, C, D, and E shown in FIG. 13 (b). Thus, even when the transrectal ultrasound probe has no
movable pressing stage, it is possible to apply a pressure to the inner surface of the rectum of the subject in a direction
desired by the operator.

[0079] FIG. 14 (a) is a diagram showing another embodiment of the automatic pressing mechanism 20 included in
the transrectal ultrasound probe. FIG. 14 (b) is a diagram showing the ultrasound probe of FIG. 14 (a) in the direction
of an arrow 14 (b). In this embodiment, a ring-like bag 55 is attached outside an existing transrectal ultrasound probe,
and a liquid (e.g., water, a physiological saline solution and so on) is supplied and discharged to and from the bag 55
by a pump (not shown) connected via an opening 84 and a tube 52, so that the bag 55 is expanded and shrunk. The
bag 55 is in contact with the inner surface of the rectum of the subject. Thus, by expanding and shrinking the bag 55, a
pressure can be applied to the inner surface of the rectum of the subject without moving the ultrasound wave transmit/
receive surface 101 relative to the inner surface of the rectum of the subject. The bag 55 is interposed between the
ultrasound wave transmit/receive surface 101 and the inner surface of the rectum of the subject. The bag 55 is filled
with liquid and thus does not interfere with transmission/reception of ultrasound waves. A surface of the bag 55 comes
into contact with an inner surface of the rectum in the direction of an imaging target of the subject and acts as an
ultrasound wave transmit/receive surface. Another surface of the bag 55 comes into contact with an inner surface of the
rectum of the subject, the inner surface being opposite from the inner surface facing the imaging target. Another surface
of the bag 55 acts as a support surface.

[0080] FIG. 15 (a) is a diagram showing another embodiment of the automatic pressing mechanism 20 included in
the transrectal ultrasound probe. FIG. 15 (b) is a diagram showing the ultrasound probe of FIG. 15 (a) in the direction
of an arrow 15 (b). In this embodiment, a stopper 85 is attached outside the ring-like bag 55 shown in FIGS. 14 (a) and
14 (b). With this configuration, it is possible to regulate the expanding direction of the bag 55 and efficiently apply a
pressure to the inner surface of the rectum of the subject. At this point, a surface of the stopper 85 comes into contact
with an inner surface of the rectum of the subject. The inner surface is opposite from an inner surface facing an imaging
target. The surface of the stopper 85 acts as a support surface.

[0081] FIG. 16 (a) is a diagram showing another embodiment of the automatic pressing mechanism 20 included in
the transrectal ultrasound probe. FIG. 16 (b) is a diagram showing the ultrasound probe of FIG. 16 (a) in the direction
of an arrow 16 (b). FIG. 16 (c) is a perspective view showing a bag 55 and a tube 52. In this embodiment, the bag 55 is
attached outside an existing transrectal ultrasound probe with a fixing belt 86, and a liquid (water, a physiological saline
solution, and so on) is supplied and discharged to and from the bag 55 by a pump (not shown) connected via the tube
52, so that the bag 55 is expanded and shrunk. The bag 55 is in contact with the inner surface of the rectum of the
subject. Thus, by expanding and shrinking the bag 55, a pressure can be directly applied to the inner surface of the
rectum of the subject. Hence, the automatic pressing mechanism 20 can be attached to the transrectal ultrasound probe
which does not comprise the opening 84 (FIG. 15 (a)) and the tube 52.

[0082] FIG. 17 is a diagram showing an example of the operations of the bag 55 shown in FIG. 15 (a). FIG. 18 is a
diagram showing another embodiment of the bag. According to the shape and elasticity of a tissue to be pressed by the
bag 55, the bag 55 may be deformed in the lateral direction of FIG. 17 in an expanding manner and a pressure may be
applied to the target tissue with low efficiency. Thus, a bag 56 of FIG. 18 comprises a shell 57 for regulating the expanding
direction of the bag 56. The shell 57 requires lower elasticity than other parts of the bag 56. For example, the shell 57
is formed by the following methods: the shell 57 is made thicker than the other parts of the bag 56, a net or the like is
bonded to a part of the bag 56 so as to correspond to the shell 57, or the shell 57 is formed of a different material having
lower elasticity than the other parts of the bag 56. Thus, it is possible to efficiently apply a pressure to a target tissue.
[0083] In the above-described intra-corporeal ultrasound probe, the pressure measuring section 210 (FIG. 1) for
measuring a pressure applied from the pressing surface to the subject and outputting pressure data may be constituted
of the pressure sensors provided on the edge of the ultrasound wave transmit/receive surface 101 as shown in FIG. 7.
The pressure measuring section 210 may obtain pressure data by measuring a load applied to the driving mechanism
of the automatic pressing mechanism 20 and calculating, according to the load, a pressure applied from the pressing
surface to the subject. When the automatic pressing mechanism 20 comprises a bag and a tube, the pressure measuring
section 210 may obtain pressure data by measuring the internal pressure of the bag or the tube.

[0084] In the intra-corporeal ultrasound probe, in the case where the actuator changes a distance between the probe
holding part 81 and the ultrasound wave transmit/receive surface 101, even when the support surface is not in contact
with a surface opposite from a surface facing an imaging object of the subject, a pressure can be applied to the subject.
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[0085] With the automatic pressing mechanism 20 of the foregoing embodiment, it is possible to automatically apply
a pressure to the subject at a desired constant speed in a fixed direction, thereby obtaining elastic image data with high
image quality at a given time. Further, it is possible to keep reproducibility of a pressing operation.

[0086] The following will describe the display value evaluating section 215 of the present embodiment. The display
value evaluating section 215 uses displacement frame data outputted from the displacement measuring section 209,
evaluates the value of image display for each measuring point in ROI, distinguishes between useless information and
useful information, and does not leave an image of the useless information (masks the useless information) in the end.
[0087] FIG. 19 is a diagram showing an example of the flow of data inputted and outputted in the display value
evaluating section 215 of the present invention. The display value evaluating section 215 comprises a frame memory
circuit 2151, a measurement quality evaluation circuit 2152, and a display decision circuit 2153.

[0088] The frame memory circuit 2151 obtains, as measurement result frame data, displacement frame data outputted
from the displacement measuring section 209, and outputs the data to the measurement quality evaluation circuit 2152.
The measurement quality evaluation circuit 2152 receives the measurement result frame data outputted from the frame
memory circuit 2151 and constructs measurement quality frame data which reflects, as a numeric value, reliability of
the measurementresult frame data, thatis, whether ameasurement resultis normal or not on each measuring pointin ROI.
[0089] The following will discuss an example of the operations of the measurement quality evaluation circuit 2152.
The measurement quality evaluation circuit 2152 performs statistical processing in which a population is the element
data of measurement result frame data, and constructs measurement quality frame data including a statistical charac-
teristic amount as element data. FIG. 20 is a diagram showing an example in which measurement quality frame data is
constructed based on a statistical characteristic amount.

[0090] First, as shown in FIG. 20, the element data of measurement result frame data is represented as X;; (i = 1,
23,..,N,j=1,2,3 ..., M). An index i corresponds to a coordinate in the horizontal axis direction of an elastic image
and an index j corresponds to a coordinate in the vertical axis direction. All element data included in ROI set by the
ultrasound apparatus are referred to with these indexes.

[0091] When element data, e.g., X, 4 is currently noticed and a kernel 2001 of 3 (elements) X 5 (elements) is set with
coordinates X, 4 disposed at the center. As a statistical characteristic amount with a population of 15 element data in
total distributed in the kernel 2001, for example, an average and a standard deviation are calculated as below:

(average)s s = {Z(measurement result frame data X; J)}Z/ 15
{(standard deviation)}° = Z{(average)s 4

— (measurement result frame data X J)}Z/ 15

(3<i<5,2<j<6)

[0092] According to the above steps, (Standard deviation)i’j is similarly calculated for each element data Xij» input is
set as below according to each element data Y of measurement quality frame data, and measurement quality frame
data of FIG. 21 is generated.

(measurement quality frame data Y;;) = (standard deviation);;

i=1,2,3,...N,j=1,2,3,..., M)

[0093] Since displacement frame data is inputted as measurement result frame data, when an operation is performed
and measurement quality frame data is constructed, element data Y;; constituting the measurement quality frame data
has element data X;; of the same coordinates at the center in displacement frame data and is fed with a value reflecting
variations in displacement (movement) with element data serving as a population. The element data is distributed in a
region of a set kernel size. The above measurement quality frame data is outputted to the display decision circuit 2153.
[0094] In the foregoing embodiment, displacement frame data is inputted as measurement result frame data in the
display value evaluating section 215, and a region worth displaying and a region not worth displaying are evaluated. For
example, as shown in FIG. 22, in the distortion/elasticity modulus calculating section 211, elastic frame data generated
by performing spatial differentiation on displacement frame data may be inputted as measurement result frame data in
the display value evaluating section 215. Since the elastic frame data reflects local discreteness of displacement frame
data, it is possible to achieve the same operation. The size of the kernel 2001 can be set at random. Further, the size
of the kernel 2001 may be small around ROI. Processing such as spatial smoothing and smoothing between frames in
the time-axis direction may be performed on measurement quality frame data.
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[0095] The display decision circuit 2153 is fed with measurement quality frame data outputted from the measurement
quality evaluation circuit 2152, fed with a threshold control signal 2161 outputted from the control section of the ultrasound
apparatus via the device control interface 216, and performs threshold processing in response to the threshold control
signal 2161, so that decision result frame data indicating whether an image corresponding to a measuring point should
be displayed or not is constructed. The decision result frame data is outputted to the color scan converter 213.

[0096] The following will describe an example of the operations of the display decision circuit 2153. The element data
of measurement quality frame data reflects a standard deviation value of a displacement (movement) which is described
in the explanation of the measurement quality evaluation circuit 2152. Thus, decision result frame data can be constructed
by threshold decision on the element data of measurement quality frame data.

[0097] Regarding the element data of the measurement quality frame data generated by the measurement quality
evaluation circuit 2152, as the element data of the measurement quality frame data increases in value, variations in
displacement distributed in a fixed region increase with the coordinates of the element data at the center. Then, the
display decision circuit 2153 sets, at a threshold value Th, the threshold control signal 2161 inputted from the ultrasound
apparatus control section, and decides whether all element data constituting the measurement quality frame data are
larger than the threshold value Th or not. For example, when element data Yi’j of the measurement quality frame data
is larger than the threshold value Th, the display decision circuit 2153 sets "0" for element data Zi’j ofthe same coordinates
of decision result frame data. When element data Yi’j is smaller than the threshold value Th, the display decision circuit
2153 sets "1" for the data Z; ;. Input is set as follows:

(measurement quality frame data Y;;) > (threshold value Th)

=> (decision result frame data Z;;) = 0

(measurement quality frame data Y;;) < (threshold value Th)

=> (decision result frame data Z;;) = 1

i=1,2,3,.,N,j=1,2,3,.., M)

[0098] Decision result frame data Zi’j generated as a result is, for example, configured as shown in FIG. 23.

[0099] With this threshold processing, decision result frame data is constructed in which "0" or "1" is inputted to all
element data Ziyj, and the decision result frame data is outputted to the color scan converter 213. FIG. 24 is a diagram
showing an example of decision frame data Z;; in which "0" or "1" is inputted to each element data Z; ;.

[0100] In the foregoing embodiment, decision result frame data is generated in which a region worth displaying is set
at "0" and a region not worth displaying is set at "1" in the display value evaluating section 215. The present invention
is not limited to this example as long as the values are set so as to recognize whether a region is worth displaying or not.
[0101] The following will discuss an example of the operations of the color scan converter 213 according to the present
invention. FIG. 25 is a diagram showing an example of the flow of data inputted and outputted in the color scan converter
213 of the presentinvention. The color scan converter 213 comprises a frame memory circuit 2131, a gradation processing
circuit 2132, a hue information adding circuit 2133, and an image constructing circuit 2134. The gradation processing
circuit 2132 comprises a rejection processing circuit.

[0102] The frame memory circuit 2131 obtains decision result frame data outputted from the display value evaluating
section 215 as well as elastic frame data outputted from the elastic data processing section 212, and outputs the data
to the rejection processing circuit in the gradation processing circuit 2132.

[0103] The gradation processing circuit 2132 converts elastic frame data, which is outputted from the frame memory
circuit 2131 and has continuous values, into elastic gradation frame data having discrete values (e.g., 8 bits, 256 levels).
This processing is performed by the rejection processing circuit. The rejection processing circuit is fed with elastic frame
data and decision result frame data from the frame memory circuit 2131, and sets information on corresponding elements
of elastic gradation frame data according to information on the elements of decision result frame data.

[0104] The following will discuss an example of the operations of the rejection processing circuit in the gradation
processing circuit 2132. In the element data of decision result frame data, as values of decision results described in the
operations of the display value evaluating section 215, "0" is set for a region less worth displaying and "1" is set for a
region worth displaying as shown in FIG. 24. In this case, the rejection processing circuit sets the element data of elastic
gradation frame data of the corresponding coordinates at 8-bit values with 256 levels according to the values of the
element data of the decision result frame data.

[0105] In this setting, when the element data of elastic frame data corresponds to coordinates having a value of 0 as
the element data of decision result frame data, the element data of the elastic frame data is useless information. When
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the element data of elastic frame data corresponds to coordinates of "1", the element data is useful information. According
to the decision results, when the element data of elastic gradation frame data corresponds to coordinates having a value
of "0" as the element data of decision result frame data, "0" is set for the element data of the elastic gradation frame
data regardless of whether the values of the element data of elastic frame data on the corresponding coordinates are
large or not. When the element data of elastic gradation frame data corresponds to coordinates having a value of "1"
as the element data of decision result frame data, values with 256 gray scales are set according to the values of the
element data of the elastic frame data on the corresponding coordinates. That is, an operation is performed as below:

(decision result frame data Z;;) = 0

= (elastic gradation frame data Tij) = 0

(decision result frame data Z;;) = 1
=> (elastic gradation frame data T;;)

= (values “1” to “255” corresponding to S;;)

i=1,2,3,.,N,j=1,2,3,.., M)

where S;; represents the element data of elastic frame data inputted from the frame memory circuit to the rejection
processing circuit, Z;; represents decision result frame data, and T;; represents the element data of elastic gradation
frame data generated in the rejection processing circuit.

[0106] This gradation processing constructs elastic gradation frame data where "0" to "255" of 256 levels are inputted
to all element data T; ;. Elastic gradation frame data obtained by the gradation processing circuit 2132 is inputted to the
hue information adding circuit 2133.

[0107] The hue information adding circuit 2133 is fed with elastic gradation frame data outputted from the gradation
processing circuit and generates elastic hue frame data according to information on each element of the elastic gradation
frame data. The following will describe an example of the operations of the hue information adding circuit 2133. In the
element data of elastic gradation frame data, values are inputted as results of the operations of the display value
evaluating section 215 and the gradation processing circuit 2132. For example, "0" is inputted for coordinates less worth
displaying, and values from "1" to "255" of 255 levels are inputted for coordinates worth displaying. In the hue information
adding circuit 2133, for example, processing is performed to set hue information for the element data of elastic hue
frame data on the corresponding coordinates according to the values of the element data of elastic gradation frame data.
[0108] In this setting, when the element data of elastic frame data corresponds to coordinates having a value of 0 as
the element data of elastic gradation frame data, the element data of the elastic frame data is useless information. When
the element data of elastic frame data corresponds to coordinates of "1" to "255", the element data is useful information.
According to the decision results, when the element data (R: red, G: green, B: blue) of elastic hue frame data corresponds
to coordinates having a value of "0" as the element data of elastic gradation frame data, for example, black (R=0, G =
0, B = 0) is set as hue information. When the element data of elastic hue frame data corresponds to coordinates having
values of "1" to "255" as the element data of elastic gradation frame data, for example, hue information of 255 levels
from blue to red is set according to the values of the element data of the elastic gradation frame data on the corresponding
coordinates.

[0109] Thatis, operations are performed as below:

(elastic gradation frame data T;;) = O
= (elastic hue frame data Ug;;) = 0
(elastic hue frame data Ug;;) = 0

(elastic hue frame data Ug;;) =0
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(elastic gradation frame data T;j) = 1 to 255
= (elastic hue frame data Ug;;) = (T - 1)
(elastic hue frame data Ug;;) = 0
(elastic hue frame data Usg;j) = 254 - (Tj; - 1)

i=1,2,3,..,N,j=1,2,3,..., M)

where T;; represents the element data of elastic gradation frame data inputted from the gradation processing circuit
2132 to the hue information adding circuit 2133, and Ug;;, Ug;;, and Ug;; represent the R (red) component, the G
(green) component, and the B (blue) component of the element data of elastic hue frame data generated in the hue
information adding circuit 2133.

[0110] Forexample, FIG. 26 shows elastic hue frame data U, ; J obtained by performing the above processing according
to decision result frame data Z; ; of FIG. 23. In FIG. 26, hue information cannot be illustrated. Thus, regions corresponding
to elastic gradation frame data T;; = 0 are illustrated as white regions and regions corresponding to elastic gradation
frame data T, ij= =1to 255 are |Ilustrated with gray scales according to the values of the regions. With the addition of hue
information, elastic hue frame data can be constructed in which the values of hue information of R, G, and B are inputted
to all element data Uy ;. Elastic hue frame data to which hue information has been added by the hue information adding
circuit 2133 is outputted to the image constructing circuit 2134 of the subsequent stage.

[0111] In the present embodiment, regions worth displaying are displayed with gradation of blue to red and regions
less worth displaying are displayed with a single color of black. The present invention is not limited to this example. A
different method of allocating hues may be used as long as a region less worth displaying can be recognized as an
image. For example, regions worth displaying may be displayed with gradation of yellow to green and regions less worth
displaying may be displayed with a single color of blue. In the present embodiment, the components of elastic hue frame
data were described using an RGB signal format. The present invention is not limited to this example and may be
achieved by a method of adding hue information in another signal format (e.g., YUV). Further, although the present
embodiment describes an example in which a region not worth displaying is identified with hue information different from
that of a region worth displaying in ROI, the present invention is not limited to this example. For example, as shown in
FIG. 27, when regions not worth displaying are continuously present in two rows on the left in the element data of elastic
hue frame data Uy the part of the regions is evaluated as a removal region. When a part is evaluated as a removal
region, the part is removed and ROl is reduced as shown in FIG. 28. ROI set and displayed by the ultrasound imaging
apparatus is reduced, expanded, or moved, so that the removal region may be automatically removed out of an ROI
range set by the apparatus. FIG. 28 shows an example in which two left rows corresponding to a region not worth
displaying in FIG. 27 are removed and ROl is reduced.

[0112] Theimage constructing circuit 2134 is fed with elastic hue frame data outputted from the hue information adding
circuit 2133 and fed with a control signal 2164 outputted from the control section of the ultrasound apparatus through
the device control interface 216. Accordingly, image processing including interpolation such as polar coordinate con-
version, scaling of an image, reversal and rotation of an image is performed on elastic hue frame data serving as original
data, and elastic image data constituted of pixel data is generated. The image constructing circuit 2134, the gradation
processing circuit 2132, and the hue information adding circuit 2133 are fed with the control signals 2162 to 2164 through
the device control interface 216. Whether functions should be accepted or not is decided and the settings of operations
are switched and changed according to the control signals.

[0113] Incidentally, ultrasound received signal frame data at a given time reflects the structure and arrangement of
living tissues at that time as information. In a method of obtaining tissue elastic information with ultrasound waves, first,
a pair of ultrasound received signal frame data obtained at regular intervals is used to calculate a displacement of each
living tissue. The displacement is caused by a pressure (pressurization, decompression) of a living tissue between fixed
time periods. Then, spatial differentiation is performed on displacement information, so that a distortion is calculated on
each point in ROI set by the ultrasound apparatus and an image is constructed and displayed.

[0114] However, at the site of actual imaging, ROI set by the imaging apparatus may have an error (correlation
operation error) region, in which a correct displacement cannot be calculated, due to an improper pressing direction or
an excessive pressing speed, for example, in a first aspect where a tissue of interest is moved by a pressure in the short
axis direction of the probe and placed out of a measuring cross section during a time interval when a pair of ultrasound
received signal frame data is obtained, and in a second aspect where a tissue of interest is displaced by a pressure at
high speed in the long axis direction or the pressing direction of the probe and placed out of a predetermined displacement
operation range set by the imaging apparatus.

[0115] ROI set by the imaging apparatus may have an error (correlation operation error) region, in which a correct
displacement cannot be calculated, due to the absence of a received signal reflecting a property of a tissue of interest
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with sufficient intensity, for example, in a third aspect where a deep region not reached by any transmitted ultrasound
waves due to attenuation acts as a region of interest, and in a fourth aspect where a region with just a few ultrasound
reflectors (a cyst and a lesion having a liquid therein) acts as a region of interest.

[0116] In the first to fourth aspects, a region set as a region of interest (ROI) is likely to include a region having an
incorrectly calculated displacement. When a distortion calculated using the displacement is displayed as an image, the
region of interest of the distortion image includes incorrect information.

[0117] ROI set by the imaging apparatus may include a region where a displacement is insignificantly calculated, due
to the shape of the ultrasound probe and the pattern of a tissue of interest, for example, in a fifth aspect where a region
of interest is a region where the ultrasound probe is not in contact with the subject. In the fifth aspect, a region set as a
region of interest (ROI) includes a region having an insignificant displacement. When a distortion calculated using the
displacement is displayed as an image, a distortion image similarly includes incorrect and insignificant information.
[0118] In aspects represented by the first to fifth aspects, a first region and a second region discussed below are
observed as a result of a tissue displacement made by a pressure. The first region is a region where measuring points
have equal displacements in the same direction (tissues are locally combined with one another and collectively displaced
in the same direction), the second region is a region where a displacement and a direction vary between adjacent
measuring points (tissues are not locally combined with one another and adjacent tissues are discretely displaced in
various directions). The two first and second regions broadly classified thus are observed in one displacement frame data.
[0119] Inthefirsttofifth aspects, aregion with anincorrectly calculated displacement and a region with an insignificantly
calculated displacement are varied, like the second region, in displacement and direction as displacement calculation
results, and a region with a proper pressure becomes similar to the first region as a displacement calculation result.
[0120] The foregoing embodiment described that displacement frame data is used by the display value evaluating
section 215 and the color scan converter 213. In these operations, the following series of operations is performed:
displacement frame data is used to determine variations in local displacement, a measuring point with a large variation
is evaluated as being less worth displaying, and a measuring point with a small variation is evaluated as being worth
displaying. Hue information of black is added to a pixel of elastic image data corresponding to the coordinates of the
measuring point evaluated as being less worth displaying, and hue information consecutively changed from blue to red
is added to a pixel of elastic image data corresponding to the coordinates of the measuring point evaluated as being
worth displaying, according to the value of an element of the corresponding coordinates of measured elastic frame data.
An elastic image is displayed on the screen of the ultrasound imaging apparatus. In the elastic image, elastic image
information on the measuring point less worth displaying is removed and a hue is added only to the measuring point
worth displaying. Hence, only a region where a proper pressure is applied is displayed with hue gradation according to
an elastic value. At the same time, a region where no proper pressure is applied is displayed with no gradation such
that an image can be identified by a single hue different from the hues of gradation.

[0121] With the display value evaluating section 215 and the color scan converter 213 of the present embodiment, it
is possible to stably perform high-quality and reliable elastic imaging without being mislead by information on an insig-
nificant elastic image region having not been removed, and simultaneously it is possible to feed back causes including
an improper operating method (pressing method, etc.) and device setting to the operator through an elastic image,
thereby instantly providing an operating method (pressing method, etc.) enabling a higher quality image at the site of
imaging.

[0122] According to the present embodiment, in the display value evaluating section 215, decision result frame data
is generated in which a measuring point worth displaying is set at "0" and a measuring point not worth displaying is set
at "1". Additionally, of all the elements (N X M) of decision result frame data, a ratio R of measuring points where the
elements of decision result frame data are "1" may be determined by an operation below:

(ratio R) = [2{(decision result frame data Z;;) = 1}](N x M)

[0123] When the determined ratio R is smaller than a reference ratio Rstd (e.g., 0.5), it is decided that just a few
measuring points are worth displaying in a frame, and decision result frame data is generated again by resetting all the
element data of the decision result frame data at "0" as follows:

(ratio R) < (reference ratio Rstd)

=> (decision result frame data Z;;) = 0

(i=1,2,3.,N,j=1,23, .., M
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[0124] With this operation, in elastic gradation frame data T;; generated by the color scan converter 213, all element
data T;; are set at "0" according to the decision result frame data Z; ;. Thus, in elastic hue frame data U; ;, for example,
all element data are constructed with the same single color as shown in FIG. 29, and the elastic image data of a frame
is displayed with no gradation. That is, elastic image data is not displayed. Hence, elastic image data is not displayed
in the fifth aspect where a region of interest is a region in which the ultrasound probe is not in contact with the subject,
and additionally in an aspect where the operator searches for an affected part while moving an ultrasound probe head
in contact with the subject along a body side.

[0125] In the foregoing embodiment, the display value evaluating section 215 evaluates variations of elements within
a local kernel size of displacement frame data or elastic frame data serve as a population. Decision result frame data
is generated in which a measuring point worth displaying is set at "0" and a measuring point not worth displaying is set
at "1". Different processing may be performed as follows: statistical processing is performed in which all the elements
of the element data Xij of measurement result frame data serve as a population, and an average M serving as a statistical
characteristic amount is determined by an operation below:

(average value M) = {3 (measurement result frame data X;;)}/(N x M)

i=1,2,3,..,N,j=1,2,3,.., M)

[0126] When the average M is smaller than a reference average Mstd, it is decided that just a few measuring points
are worth displaying in a frame, and decision result frame data is generated again by resetting all the element data of
the decision result frame data at "0" as follows:

(average M) < (reference average Mstd)

=> (decision result frame data Z;;) = 0

i=1,2,3,..,N,j=1,2,3,.., M)

[0127] With this operation, in elastic gradation frame data T;; generated by the color scan converter 213, all element
data Ti’j are set at "0" according to decision result frame data Zi’j. Thus, in elastic hue frame data Ui’j, for example, all
element data are constructed with the same single color as shown in FIG. 29, and the elastic image data of a frame is
displayed with no gradation.

[0128] Inthe foregoing embodiment, the display value evaluating section 215 makes evaluations in which the elements
of displacement frame data, that is, elastic frame data serve as a population. Decision result frame data is generated in
which a measuring point worth displaying is set at "0" and a measuring point not worth displaying is set at "1". Different
processing may be performed as follows:

Pressure data P outputted from the pressure measuring section 210 is inputted as measurement result frame data.
When the pressure P is smaller than a reference ratio Pstd, it is decided that just a few measuring points are worth
displaying in a frame, and decision result frame data is generated again by resetting all the element data of the
decision result frame data at "0" as follows:

(pressure P) < (reference pressure Pstd)

=> (decision result frame data Z;5) = 0

(i=1,2,3,..,N,j=1,2,3, ..., M)

[0129] With this operation, in elastic gradation frame data T;; generated by the color scan converter 213, all element
data Ti’j are set at "0" according to decision result frame data Zi’j. Thus, in elastic hue frame data Ui’j, for example, all
element data are constructed with the same single color as shown in FIG. 29, and the elastic image data of a frame is
displayed with no gradation.

[0130] When the pressure data P is obtained as Pi(i=1, 2, 3, ..., N) in a one-dimensional distribution of the horizontal
axis direction of an image, the pressure data P is compared with a reference pressure Pstd according to coordinates i.
On coordinates not satisfying the reference pressure Pstd, decision result frame data Z; of the corresponding coordinates
is set at "0".

19



10

15

20

25

30

35

40

45

50

55

EP 2 484 287 A1

[0131] At the site of actual imaging, a region having a displacement close to 0 is entirely distributed in ROI set by the
imaging apparatus due to a pressing speed of 0 or an insufficient pressing speed, for example, in a sixth aspect where
a pressure is not applied to a tissue of interest during a time interval when a pair of ultrasound received signal frame
data is obtained, and a seventh aspect where a pressing speed on a tissue of interest is too low. To be specific, the
operator searches for an affected part while moving the ultrasound probe head in contact with the subject along a body
side. Such a case corresponds to these aspects. In the sixth and seventh aspects, a region having a displacement close
to 0 is distributed over a region set as a region of interest (ROI). Thus, a distortion image displayed with a distortion
calculated using the displacement is an image with no contrast or a low contrast over the set ROI. In aspects represented
by the sixth and seventh aspects, first and second frames discussed below are observed as a result of a tissue displace-
ment made by a pressure.

[0132] A first frame is a frame where measuring points are not entirely displaced and no pressure is applied (an
average of displacements or elastic values is 0) and a second frame is a frame where measuring points are entirely
displaced just a little and only a low pressure is applied (an average of displacements or elastic values is small). The
two first and second broadly divided frames may be observed in a plurality of elastic image frames in a series of pressing
processes.

[0133] The foregoing embodiment described that displacement frame data or elastic frame data is used in the display
value evaluating section 215 and the color scan converter 213. In this operation, an average of displacements or elastic
values is determined. The overall elements of displacement frame data or elastic frame data serve as a population. A
frame with an average determined to be lower than a predetermined reference value is entirely evaluated as being less
worth displaying. When an overall frame is decided to be less worth displaying, all the elastic image information of the
frame is removed and elastic images where a single hue is added with no gradation are collectively displayed on the
screen of the ultrasound imaging apparatus. Only for a frame in a times phase when a proper pressure is applied, an
elastic image is displayed with levels of hues corresponding to the elastic values. Gradation is removed from a frame
in a time phase when a proper pressure is not applied, and an image is displayed with a single hue different from hues
of gradation, so that it is possible to recognize a frame in a time phase when a proper pressure is not applied.

[0134] In the elasticity imaging method of the ultrasound imaging apparatus, an image is constructed and displayed
for each frame in a given time phase without evaluating whether an elastic value (a distortion or modulus of elasticity)
outputted as an arithmetic result is worth displaying or not (evaluating image quality). Thus, at the site of actual imaging,
even though image information calculated under improper conditions is a frame not worth displaying, the frame is not
differentiated from a frame worth displaying, an elastic image of a series of consecutive frames is constructed such that
frames of both types are mixed. Consequently, the reliability of elasticity imaging decreases. In contrast, according to
the present invention, it is possible to stably perform high-quality and reliable elastic imaging without being mislead by
information on an insignificant elastic image frame having not been removed, and simultaneously it is possible to feed
back causes including an improper operating method (pressing method, etc.) to the operator through an elastic image,
thereby instantly searching for a pressing method or the like enabling a higher quality image at the site of imaging.
[0135] Moreover, in a configuration where a color elastic image is translucently superimposed and displayed on a
monochrome tomographic image, according to the present invention, an elastic image is superimposed and displayed
only during a pressing operation. In a time phase when a pressure is stopped, for example, the operator brings the
ultrasound probe head into contact with the subject and searches for an affected part while moving the ultrasound probe
head in contact with the subject along a body side, elastic images are removed and thus only monochrome tomographic
images are transmitted and displayed. Hence, it is possible to easily confirm a tomographic image on a measuring cross
section in a time phase other than elasticity imaging, thereby considerably improving efficiency of interpretation.
[0136] In the foregoing embodiment, region removal (region removing function) in one frame and removal over one
frame (frame removing function) were separately described in detail. The present invention is not limited to these oper-
ations. The two operations may be combined and performed at the same time, and a configuration for the combined
operations may be provided.

[0137] Theforegoing embodiment described that when the removal of a frame is decided by the frame removal function
according to an evaluation at the current time, the image information on the frame at the current time is set at a single
hue and displayed. The present invention is not limited to this example. When the removal of a frame is decided at the
current time, the closest past frame displayed without being removed may be kept and continuously displayed. This
operation is not limited to the frame removal function. The same function may be set for the operation of the region
removal function.

[0138] The foregoing embodiment described the display value evaluating section 215 as an independent circuit. The
present invention is not limited to this configuration. The operation of the display value evaluating section 215 may be
included in the color scan converter 213 or the elastic data processing section 212, or the order of processing circuits
may be changed.

[0139] In the present embodiment, the operator can freely control, via the device control interface 216 included in the
ultrasound apparatus, the selection of the region removal function and the frame removal function, the settings of a
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threshold value for threshold processing in the removal function, a reference ratio, a reference average or the like, and
the allocation and switching of hues added to a removed region and a removed frame.

[0140] According to the present embodiment, even when ideal data is hard to obtain in elasticity imaging, a region of
image information including an elastic value not worth displaying is recognized (as noise), an overall frame is recognized
(as noise) when elastic values not worth displaying are calculated over the frame, and an elastic image reflecting the
information is constructed, thereby providing an ultrasound imaging apparatus enabling high-quality elasticity imaging.
[0141] The following will describe the operations of the ultrasound imaging apparatus configured thus. First, according
to ultrasound wave transmission/reception control, a high-voltage electrical pulse is applied from the transmitter circuit
202 to the ultrasound probe 10 in contact with the subject 1, an ultrasound wave is emitted, and a reflected echo signal
from an imaging target is received by the ultrasound probe 10. The received signal is inputted to the receiver circuit 203
and preamplified therein. After that, the received signal is inputted to the phasing/adding circuit 204. To evaluate elasticity
of a part of interest in a tissue of the subject by using the ultrasound probe 10 comprising the automatic pressing
mechanism 20, the ultrasound probe 10 is brought into contact with the subject 1 while pressing the subject 1 according
to a proper pressing method automatically set by the automatic pressing mechanism 20, so that consecutive ultrasound
received signal frame data are outputted from the phasing/adding circuit 204.

[0142] Received signals aligned in phase in the phasing/adding circuit 204 undergo signal processing such as com-
pression and detection in the subsequent signal processing section 205, and then the signals are inputted to the mon-
ochrome scan converter 206. The monochrome scan converter 206 AD converts the received signals and stores the
signals as a plurality of time-series consecutive tomographic image data in a plurality of frame memory in the monochrome
scan converter 206. Ultrasound received signal frame data is successively outputted from the phasing/adding circuit
204 and inputted to the ultrasound received signal frame data selecting section 208.

[0143] Of the ultrasound received signal frame data stored in the ultrasound received signal frame data selecting
section 208, a plurality of time-series consecutive ultrasound received signal frame data are selected, inputted to the
displacement measuring section 209, and a one-dimensional or two-dimensional displacement distribution (ALiyj) is
determined. The displacement distribution is calculated by using, for example, a block matching method as the method
of detecting a movement vector. The method is not particularly limited. As in a generally used method, a displacement
may be calculated by calculating autocorrelation of two image data in the same region.

[0144] Period information between a pair of ultrasound received signal frame data selected by the ultrasound received
signal frame data selecting section 208 is outputted to the automatic pressing mechanism 20, and the pressing operation
of the automatic pressing mechanism 20 is optimized according to the period information. In the pressure measuring
section 210, a pressure applied to the subject 1 is measured, pressure information is transmitted from the pressure
measuring section 210 to the distortion/elasticity modulus calculating section 211 and the automatic pressing mechanism
20, and the pressing operation of the automatic pressing mechanism 20 is optically controlled according to the pressure
information, so that elastic imaging can be efficiently performed on the subject.

[0145] The measurement signals of a displacement (ALiyj) and a pressure (APi,j) outputted from the displacement
measuring section 209 and the pressure measuring section 210 are inputted to the distortion/elasticity modulus calculating
section 211. A distortion distribution (g;;) is calculated by spatial differentiation (AL, /AX) on a displacement distribution
(ALi‘j). Particularly, of modulus of elasticities, a Young’s modulus Ymi_j is calculated by the formula below:

Ym;; = (AP;;)/(AL;j/AX)

[0146] A modulus of elasticity on each measuring point is obtained by the modulus of elasticity Ymi,j determined thus,
and elastic frame data is generated.

[0147] The elastic frame data generated thus is inputted to the elastic data processing section 212 and undergoes
various kinds of image processing such as smoothing in a coordinate plane, contrast optimization, and smoothing in the
time-axis direction between frames.

[0148] The display value evaluating section 215 is fed with displacement frame data outputted from the displacement
measuring section 209 or elastic frame data outputted from the distortion/elasticity modulus calculating section 211,
evaluates whether an elastic image is worth displaying or not on each measuring point or frame, generates evaluation
result frame data according to the evaluation, and outputs the evaluation result frame data to the color scan converter
213 or the monochrome scan converter 206.

[0149] The elastic frame data outputted from the elastic data processing section 212 and the evaluation result frame
data outputted from the display value evaluating section 215 are inputted to the color scan converter 213 or the mono-
chrome scan converter 206. According to information on the evaluation result frame data, removal is performed on
useless elastic information, and simultaneously useful information is converted to hue information, which has undergone
gradation processing, or monochrome brightness information.
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[0150] Thereafter, a monochrome tomographic image and a color elastic image are added and combined through the
switching adder 214, or a monochrome tomographic image and a color elastic image are sent to the image display 207
without additions. A monochrome tomographic image and a color elastic image, which have undergone translucent
processing, are superimposed and displayed on one screen, or a monochrome tomographic image and a color elastic
image are simultaneously displayed on the same screen. The monochrome tomographic image is not particularly limited
to an ordinary B-mode image. A tissue harmonic tomographic image formed by selecting harmonic components of a
received signal may be used. A tissue Doppler image may be similarly displayed instead of a monochrome tomographic
image. Additionally, images displayed on two screens may be selected in various combinations.

[0151] The foregoing formation of an elastic image is an example where the distortion or Young’s modulus Ym of a
living tissue is determined to generate elastic image data. The present invention is not limited to these parameters. For
example, a modulus of elasticity may be calculated using other parameters including a stiffness parameter 3, a pressure
elastic modulus Ep, an incremental elastic modulus Einc (e.g., Japanese Patent Application Laid-Open No. 5-317313).
[0152] With this configuration, even when ideal data is hard to obtain in elasticity imaging performed by the ultrasound
imaging apparatus of the present invention, a region of image information including a value of elasticity not worth
displaying is recognized as noise, an overall frame is recognized as noise when values of elasticity not worth displaying
are calculated over the frame, and an elastic image reflecting the information is constructed, thereby providing an
ultrasound imaging apparatus enabling high-quality elasticity imaging.

[0153] An elastic image may be kept without being rejected. The foregoing embodiment described that when the
removal of a frame is decided by the frame removal function according to an evaluation of display value at the current
time, the image information of the frame at the current time is set at a single hue and displayed. The present invention
is not limited to this example. When the removal of a frame is decided at the current time, the closest past frame displayed
without being removed may be kept and continuously displayed. This operation is not limited to the frame removal
function. The same function may be set for the operation of the region removal function.

[0154] Another embodiment of the present invention will be described below. FIG. 30 is a block structural diagram
showing an ultrasound imaging apparatus of the present embodiment. FIG. 31 is a flowchart showing the steps of
obtaining an elastic image in the ultrasound imaging apparatus of the present embodiment. FIGS. 32 (a) to 32 (e) are
diagrams showing an example of displayed images of the present embodiment.

[0155] As shown in FIG. 30, the ultrasound imaging apparatus of the present embodiment comprises a probe 301 for
transmitting and receiving ultrasound waves to and from a subject, a tomographic image constructing section 302 which
captures a reflected echo signal outputted from the probe 301 and reconstructs a tomographic image, and a display
section 303 for displaying the reconstructed tomographic image. Ultrasound wave transmitting device for outputting an
ultrasound signal for driving the probe 301 is not illustrated. An elasticity calculating section 304 includes displacement
measuring device which sequentially captures the frame data of reflected echo signals inputted to the tomographic image
constructing section 302 and measures a displacement of a tissue in each part of a tomographic image based on two
tomographic image data adjacent to each other in time series, and elastic modulus calculating device for calculating a
modulus of elasticity of a tissue of each part based on displacement data of each part. The displacement data is measured
by the displacement measuring device. The elasticity calculating section 304 comprises pressing decision device for
analyzing displacement data to decide whether a pressing operation is proper or not.

[0156] An elastic image constructing section 305 generates an elastic image based on the modulus of elasticity
determined by the elasticity calculating section 304, outputs the generated elastic image to the display section 303, and
stores the elastic image in cine memory 312. The decision results of a pressing operation decided by the elasticity
calculating section 304 are matched with respective elastic images, stored in pressing state memory 306, and outputted
to an operation information output section 307. The operation information output section 307 outputs the decision result
of a pressing operation to the display section 303 and displays the results. The operation information output section 307
can output the decision result of a pressing operation as sound through a sound output section 308.

[0157] Various operation commands and setting information inputted from an operation input section 309 are inputted
to a central processing section 310, and the central processing section 310 controls a cine memory image reproduction
section 311 and so on in response to an inputted command or the like.

[0158] Referring to the flowchart of FIG. 31 and examples of displayed images of FIGS. 32 (a) to 32 (e), the following
will describe an operation of obtaining an elastic image in the ultrasound imaging apparatus configured thus. First, as
shown in FIG. 32 (a), at the start of a measurement of an elastic image, a tomographic image 321 is outputted from the
tomographic image constructing section 302 to the display section 303 to display the tomographic image, and a dialog
322 for indicating a pressing state is displayed from the operation information output section 307 to the display section
303 (S1). The dialog 322 has a horizontally oriented display region like a bar chart. Two triangle marks 323a and 323b
are displayed along the display region. The mark 323a corresponds to the lower limit value of a proper range of a pressing
operation and the mark 323b corresponds to the upper limit value of the range.

[0159] Then, the operator applies a pressure to the body surface of the subject with the probe 301 to apply a pressure
to a living tissue (S2). In this pressing state, the tomographic image constructing section 302 successively captures
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reflected echo signals and updates the tomographic image of the display section 303 (S3). The elasticity calculating
section 304 sequentially obtains frame data of a tomographic image from the tomographic image constructing section
302, measures a displacement of a tissue of each part based on two frame data adjacent to each other in time series,
calculates a modulus of elasticity of a tissue of each part based on measured displacement data of each part (S4), and
outputs data on the calculated modulus of elasticity to the elastic image constructing section 305 (S5). In step S4, the
elasticity calculating section 304 analyzes displacement data to decide whether a pressing operation is proper or not,
and outputs the pressing state of a decision result to the pressing state memory 306 (S7). In this decision, for example,
as shownin FIG. 33, a distribution 331 of distortion factors € in a tomographic image is determined based on displacement
data, that is, the distribution of the distortion factors ¢ is determined with a horizontal axis representing a distortion factor
of each pixel and a vertical axis representing the number of pixels having a uniform distortion factor. It is decided whether
a pressing operation of pressing device is proper or not depending on whether an average em of the distortion factor
distribution 331 is within the range of the upper and lower limit values (eH, €L) of the proper range. For example, in FIG.
33, distortion factor distributions 332 and 333 indicated by broken lines are improper examples because averages are
placed out of the upper and lower limit values (eH, €L). The distortion factor distribution 332 is an example of a slow
pressing speed. The distortion factor distribution 333 is an example of a fast pressing speed. For example, a pressing
state is judged according to eight evaluation levels, stored in the pressing state memory 306, and outputted to the
operation information output section 307.

[0160] The elastic image constructing section 305 constructs an elastic image by color mapping based on elasticity
modulus data outputted from the elasticity calculating section 304, and displays an elastic image 324 superimposed on
the tomographic image 321 of the display section 303 as shown FIG. 32 (b) (S7). The elastic image data is stored in the
cine memory 312 (S8). Subsequently, the operation information output section 307 obtains the evaluation level of a
pressing state outputted from the elasticity calculating section 304 (S9), determines display of a state of the dialog 322
according to the level, and outputs the indication of a state to the display section 303 (S10). For example, as shown in
FIG. 32 (c), the display section 303 updates the indication of the dialog 322. FIG. 32 (c) shows an example in which the
evaluation level of a pressing state exceeds the proper range. In response to the indication of the dialog 322, the operator
reduces the pressing speed, thereby obtaining a proper elastic image of FIG. 32 (d) according to the adjusted pressing
speed during the subsequent elastic image formation performed back in step S2 of FIG. 31. Therefore, as shown in FIG.
32 (e), the indication of the state of the dialog 322 is within the proper range of the marks 323a and 323b, indicating that
a proper elastic image is obtained. In FIGS. 32 (a) to 32 (e), the marks 323a and 323b of the dialog 322 correspond to
the upper and lower limit values (eH, L) of the proper range.

[0161] In this way, according to the present embodiment, the dialog 322 immediately indicates whether a pressing
operation is proper or not. The operator adjusts the operation of the probe 301 depending upon whether a pressing state
indicated by the dialog 322 is proper or not, thereby readily performing a pressing operation for obtaining a proper elastic
image. In addition, the present embodiment makes it possible to decide whether a pressing operation is proper or not
in consideration of variations among subjects, and thus the operator can perform a proper pressing operation with great
ease.

[0162] In the foregoing embodiment, the display section 303 displays whether a pressing operation is proper or not
through the dialog. The present invention is not limited to this example. Whether a pressing operation is proper or not
may be outputted as sound. FIG. 34 is a flowchart for outputting as sound whether a pressing operation is proper or not.
FIGS. 35 (a) to 35 (e) show an example of displayed images in this case. In FIG. 34, step S21 is similar to steps S2 to
S8 of FIG. 31. The operation information output section 307 obtains the evaluation level of a pressing state outputted
from the elasticity calculating section 304 (S22) and decides whether the evaluation level is appropriate (proper) or not
(S23). When the evaluation level is proper, processing is completed. When the evaluation level is not proper, it is decided
whether the evaluation level is "fast" or "slow" out of the proper range, and an evaluation result is set at sound of "fast"
or "slow" (S25, S26). Thus, a sound output command of "fast" or "slow" is outputted from the operation information output
section 307 (S27), and an evaluation result, i.e., operation information is outputted as a sound designated by the sound
output section 308. FIGS. 35 (a) to 35 (e) show an example of displayed images.

[0163] In this way, according to the present embodiment, the operator can obtain operation information through sound
without viewing displayed images. Thus, it is possible to easily perform a pressing operation for obtaining a proper elastic
image.

[0164] FIG. 36 is a flowchart showing the reproduction and display of an elastic image stored in the cine memory 312
of FIG. 30. When the operation input section 309 instructs the CPU 310 to reproduce the cine memory (S31), the CPU
310 outputs a cine memory reproduction command to the cine memory image reproduction section 311 (S32). Hence,
the cine memory image reproduction section 311 obtains an elastic image from the cine memory 312 (S33) and obtains
the evaluation result of a pressing state in synchronization with an elastic image read from the pressing state memory
306 (S34). Then, it is decided whether the read pressing state is appropriate or not (S35). When the pressing state is
not appropriate, the processing is completed. When the pressing state is appropriate, the CPU 310 outputs a command
for instructing the display section 303 to display an elastic image reproduced by the cine memory image reproduction
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section 311 (S36). Thus, an elastic image stored in the cine memory 312 is displayed on the display section 303 (S37).
That is, only a proper elastic image stored in the cine memory 312 is reproduced and displayed.

[0165] The present embodiment provides operation information on whether a pressing speed is proper or not. The
presentinvention is not limited to this example. Operation information can be provided in the event of a pressing operation
causing lateral displacement of a living tissue. In other words, even when a pressing speed is constant over time periods
in a process of a pressing operation, the subject is not always pressed evenly in the vertical direction over the time
periods (hereinafter, referred to as time phases). For example, in a time phase when the subject is pressed diagonally
or unevenly, the stress distribution of a living tissue becomes discontinuous in some time phases. In such time phases,
coordinate regions appear which are discontinuous relative to time changes. Thus, an obtained elastic image includes
a temporally discontinuous region as disturbance (noise), so that elasticity imaging cannot be properly performed. In
other words, when lateral displacement occurs, which is a lateral movement of a living tissue, due to an uneven pressure
in the vertical direction, elasticity imaging cannot be properly performed.

[0166] In the present embodiment, when a pressing operation causes lateral displacement of a living tissue, the lateral
displacement is detected and operation information is provided. The present embodiment can be achieved by replacing
the pressing decision device constituting the elasticity calculating section 304 in the embodiment of FIG. 30 with lateral
displacement decision device 338. In other words, as shown in FIG. 37, from displacement measuring device 339 for
capturing frame data of ultrasound received signal data from the tomographic image constructing section 302 and
measuring a displacement, displacement data is captured to decide a degree of lateral displacement and a decision
result is stored in the pressing state memory 306. In FIG. 37, elasticity modulus calculating device 340 calculates a
modulus of elasticity of each part of a tissue based on displacement data and is a function included in the elasticity
calculating section 304 of FIG. 30.

[0167] FIG. 38 is a flowchart mainly showing steps in the lateral displacement decision device 338 of the present
embodiment. When an elasticity imaging mode is turned on from the operation input section 309 to the central processing
section 310, as shown in FIG. 39, the display section 303 displays an ROI 336 for determining an elastic image for a
tomographic image 335, and a color map 337 indicating a modulus of elasticity (S41). Then, the displacement measuring
device 339 captures from the tomographic image constructing section 302 a pair of frame data adjacent to each other
in time series (S42), measures a displacement or a movement vector (direction and size of a displacement) of each
pixel on the tomographicimage through correlation processing and so on, and detects a lateral displacement (S43 to S45).
[0168] For example, a well-known block matching method is applicable to correlation processing in the displacement
measuring device 339. In the block matching method, an image is divided into blocks of N X N pixels (N is a natural
number), the previous frame is searched for a block most approximate to a block of interest in the current frame, and
predictive coding is performed with reference to the block. As shown in FIG. 40, a block composed of N X N pixels is a
correlation window 341 and a region including a plurality of blocks of N X N pixels is a search range 342. The block
having been referred in the previous frame is a point most correlated to the block of the current frame. For simple
explanation, the search range 342 has a size of nine correlation windows 341 as shown in FIG. 40. To be specific, blocks
identical in size to the correlation window 341 are arranged around the correlation window 341 in the horizontal and
vertical directions and the diagonal directions. The correlation window 341 and the search range 342 can be set at
random. Assuming that a stress from the probe is evenly applied to the subject in the vertical direction, the current frame
and the previous frame are most correlated on blocks 2 and 8 disposed on and under the correlation window 341 at the
center of FIG. 40. When a stress from the probe laterally moves a tissue of the subject, blocks 4 and 6 disposed on both
sides of the correlation window 341 are most correlated (blocks 1, 3, 7, and 9 may be included). Then, a correlation
operation is performed on nine blocks to determine the position of the most correlated block in one search range 342.
In this correlation operation, for example, when the blocks 2 and 8 on both sides are most correlated, it is decided that
lateral displacement occurs and a lateral displacement counter counts the displacement. In this way, correlation process-
ing is performed on target data in ROI to calculate a displacement in ROl and a count C of the lateral displacement
counter. Since data in ROl is divided by the search range 342, the number A of divided search ranges 342 is also
calculated. The displacement in ROI is sent to the elasticity modulus calculating device 340, and the count C of the
lateral displacement counter and the number A of divided search ranges 342 are sent to the lateral displacement decision
device 338.

[0169] The lateral displacement decision device 338 decides the presence or absence of lateral displacement based
on the inputted A and C (S46). The decision is made depending upon whether A/X < C is established where X represents
an empirically fixed threshold value. When A/X < C is established, it is decided that a force is evenly applied to the
subject in the vertical direction. In this case, a lateral displacement flag is set at "0" and stored in the pressing state
memory 306 (S47). When A/X < C is not established, it is decided that a force is not evenly applied to the subject in the
vertical direction and a living tissue is laterally displaced. In this case, a lateral displacement flag is set at "1" and stored
in the pressing state memory 306 (S52). For example, as shown in FIG. 39, the contents of the pressing state memory
306 is indicated as a warning "laterally displaced" on the lower side of the tomographic image 335 (S56).

[0170] Meanwhile, the elasticity modulus calculating device 340 calculates distortion data S based on a displacement
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B measured by the displacement measuring device 339 (S48, S53), and the elastic image constructing section 305 of
FIG. 30 performs gradation processing on the distortion data S to construct an elastic image, and displays the elastic
image on the display section 303.

[0171] Hence, according to the present embodiment, the operator can confirm how the force of the probe is applied
to the subject in real time. In the event of lateral displacement, the operator can adjust the operation of the probe in such
a manner as to reduce lateral displacement, thereby quickly obtaining a proper elastic image.

Industrial Applicability

[0172] As described above, according to the presentinvention, it is possible to stably form a high-quality elastic image
even in an arbitrary time phase during an elastic image diagnosis. Further, according to the present invention, it is
possible to stably perform high-quality elasticity imaging with high reliability without being mislead by information on an
insignificant elasticimage frame having not been removed, and simultaneously itis possible to feed back causes including
an improper operating method (pressing method, etc.) to the operator through an elastic image, thereby instantly making
search for a pressing method or the like enabling a higher quality image at the site of imaging, and providing a clinically
useful ultrasound apparatus keeping its real-time property and simplicity of ultrasound imaging. Moreover, according to
the present invention, it is possible to provide the operator pressing operation information for obtaining a proper elastic
image, thereby efficiently obtaining an elastic image.

Claims
1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe for transmitting/receiving an ultrasound wave with respect to a subject to be diagnosed;
an ultrasound wave transmit section for transmitting an ultrasound wave for driving the ultrasound probe;

an image generating section for generating an elastic image from elasticity information based on a reflected
echo signal received from the ultrasound probe;

a display section for displaying the generated elastic image;

a pressing decision section for deciding whether or not a pressing operation is proper based on a distribution
of the elasticity information; and

a decision output section for outputting a decision result by the pressing decision section to the display section.

2. The ultrasound diagnostic apparatus according to claim 1, wherein
the decision output section is adapted to output through display and/or audio sound, a guidance for correcting the
pressing operation based on the decision result.

3. The ultrasound diagnostic apparatus according to claim 1, wherein
the pressing decision section is adapted to obtain an elastic modulus distribution in the tomographic image data as
a distribution of the elasticity information obtained by analyzing the displacement, and to decide whether or not the
pressing operation by the pressing section is proper on the basis whether or not the elastic modulus distribution is
within a predetermined range.

4. The ultrasound diagnostic apparatus according to claim 1, further comprising
a pressing state storing section for storing the decision result by the pressing decision section while making the
decision result correspond to each elastic image.

5. The ultrasound diagnostic apparatus according to claim 4, further comprising
a reproduction section for making the display section display the elastic image stored in the pressing state storing
section, only when the pressing operation is proper.

6. The ultrasound diagnostic apparatus according to claim 3, wherein
the pressing decision section is adapted to obtain the elastic modulus distribution with a horizontal representing the

elastic modulus of each pixel and a vertical axis representing the number of pixels having a uniform elastic modulus.

7. The ultrasound diagnostic apparatus according to claim 1, further comprising a pressing section for applying an
external pressure to the subject.

25



10

15

20

25

30

35

40

45

50

55

10.

11.

EP 2 484 287 A1

The ultrasound diagnostic apparatus according to claim 1, further comprising

a displacement measuring section for obtaining two tomographic image data different in time series from a reflected
echo signal received from the ultrasound probe and measuring a displacement of each part in the subject based
on the two tomographic image data.

The ultrasound diagnostic apparatus according to claim 1, further comprising

a displacement measuring section which obtains two tomographic image data different in time series from a reflected
echo signal received from the ultrasound probe and measures a displacement of each part in the subject based on
the two tomographic image data.

The ultrasound diagnostic apparatus according to claim 1, further comprising

a pressing decision section for obtaining a degree of lateral displacement in the tomographic image data based on
the displacement, and deciding whether or not the pressing operation is proper on the basis whether or not the
degree of lateral displacement is within a predetermined range.

An ultrasound diagnostic imaging method, comprising the following steps:

transmitting/receiving an ultrasound wave with respect to a subject to be diagnosed by means of an ultrasound
probe while applying a pressing operation to the subject;

generating an elastic image from elasticity information based on a reflected echo signal received from the
ultrasound probe;

displaying the generated elastic image;

deciding whether or not the pressing operation is proper based on a distribution of the elasticity information; and
outputting and displaying a decision result.
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FIG. 27

FIG. 26
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FIG. 29

FIG. 28
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