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(57) ABSTRACT

In an ultrasonic probe which acquires an elasticity image
while pressing a subject, a contact surface which extends
perpendicular to a pressing direction and which comes into
contact with the subject is provided. Further, automatic
pressing means configured to press a to-be-imaged portion
of the subject with a predetermined pressure by moving the
contact surface in the pressing direction or manual pressing
means for applying a pressing force by manpower is pro-
vided. By use of the ultrasonic probe including the automatic
pressing means or the manual pressing means, the pressing
stage can be automatically or manually moved in a fixed
vertical direction at a desired speed. A high-quality elasticity
image data can be acquired at an arbitrary time. Further-
more, since repeatability of the pressing action can be
maintairned, the problem of the quality of the elasticity image
being dependent on the technician can be avoided.
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ULTRASONIC PROBE AND ULTRASONIC
IMAGING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic imag-
ing device that acquires a tomographic image of a region to
be imaged within a subject using ultrasonic waves. In
particular, the present invention relates to an ultrasonic
imaging device which can calculate a distortion and an
elastic modulus at each point on an image from a set of
temporally-arranged ultrasonic wave reception signal frame
data, and display the calculated distortion and elastic modu-
lus as an elasticity image that quantitatively indicates the
hardness or softness of biological tissue.

BACKGROUND ART

[0002] A conventional, generally-used ultrasonic imaging
device includes an ultrasonic wave transmission and recep-
tion controlling means for controlling the transmission and
reception of ultrasonic waves; ultrasonic wave transmitting
and receiving means for transmitting ultrasonic waves to a
subject and receiving the ultrasonic waves from the subject;
tomographic scanning means for repeatedly acquiring, at
predetermined intervals, data of a tomographic image of the
interior of the subject, including a locomotive tissue, by use
of a reflection echo signal from the ultrasonic wave trans-
mitting and receiving means; and image displaying means
for displaying the time-series tomographic image data
acquired by the tomographic scanning means. The structure
of the biological tissue within the subject is displayed as, for
example, a B-mode image.

[0003] In a method which is recently being realized, an
external force is manually applied from the body surface of
a subject by use of the ultrasonic wave transmitting and
receiving surface of an ultrasonic probe. The displacement at
each point within the subject is obtained by using the
correlation calculation performed on the ultrasonic wave
reception signals of two temporally adjacent frames (two
consecutive frames). The distortion is further measured
through spatial differentiation of the displacement, and the
distortion data is converted to an image. Furthermore, in
another method which is being realized, data of elastic
modulus (e.g., Young’s modulus of elasticity) of the body
tissue is converted to an image using data on the distribution
of stress and distortion caused by an external force. Such an
elasticity image based on distortion and elastic modulus data
(hereafter, referred to as elasticity frame data) enables mea-
surement and display of the hardness or softness of the body
tissue. Examples of such ultrasonic devices include those
described in Patent Document 1 and Patent Document 2.

[0004] Inamethod used for calculation of elasticity frame
data, one piece of elasticity frame data is formed by a single
pair of ultrasonic wave reception signal frame data acquired
with a fixed time interval therebetween. The respective
image qualities of plural pieces of elasticity image data
(particularly distortion image data) acquired by a series of
pressing processes depend on the pressing speed at the time
when the pair of ultrasonic wave reception signal frame data,
forming each piece of elasticity image data is acquired.

[0005] Inaddition, it is known that the pressure increasing
amount or the pressure decreasing amount suitable for
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extracting high-quality elasticity image data is within a
range in which a distortion of about 0.5% to 1% is generated
in the tissue of interest.

[0006] Patent Document 1: Japanese Patent Application
Laid-Open (kokai) No. Heisei 5-317313

[0007] Patent Document 2: Japanese Patent Application
Laid-Open (kokai) No. 2000-60853

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0008] However, in the elasticity imaging method accord-
ing to the conventional ultrasonic imaging device, a method
in which the tissue of interest is pressed by hand is used.
Therefore, it is difficult to continuously press within a range
of pressing speed that is suitable for increasing image
quality at all times during a series of pressing processes. In
addition, since the pressing speed at each time is not fixed,
the outputted plurality of elasticity image data are tempo-
rally discontinuous, so that a resultant image has a missing
frame between the frames of the elasticity image data, which
makes image diagnosis difficult to perform.

[0009] Furthermore, hand shaking during the pressing
process cannot be avoided, and the pressing direction
changes at each time, which is also a cause of the discon-
tinuity of the above-described continuously acquired elas-
ticity image data. In addition, the quality of the elasticity
image is unavoidably dependant on the skill of the techni-
cian.

[0010] The present invention has been accomplished in
light of the above issues, and an object of the present
invention is to provide an ultrasonic probe and an ultrasonic
imaging device which can stably convert a high-quality
elasticity image to a video picture at arbitrary times during
elasticity image diagnosis.

Means for Solving the Problems

[0011] According to a first aspect of the present invention,
there is provided an ultrasonic probe for an ultrasonic
diagnostic apparatus which acquires an elasticity image
while pressing a subject, the ultrasonic probe comprising a
pressing member provided on the ultrasonic probe and
having a contact surface which extends perpendicular to a
pressing direction and which comes into contact with the
subject; and pressing means for pressing a to-be-imaged
portion of the subject with a predetermined pressure by
moving the contact surface in the pressing direction.

[0012] By use of an ultrasonic probe including pressing
means as in the present invention, the pressing stage can be
moved in the pressing direction at a desired fixed speed. A
high-quality elasticity image data can be acquired at an
arbitrary time. Furthermore, since repeatability of the press-
ing action can be maintained, the problem of the quality of
the elasticity image being dependant on the technician can
be avoided.

[0013] According to a second aspect of the present inven-
tion, there is provided an intra-corporeal ultrasonic probe
which is inserted into a subject, comprising a pressing
member provided on the probe and having a contact surface
which extends parallel to an insertion direction and which
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comes into contact with the subject; and pressing means for
pressing a to-be-imaged portion of the subject with a pre-
determined pressure at the contact surface in a direction
perpendicular to the contact surface.

[0014] The intra-corporeal ultrasonic probe according to
the second aspect includes pressing means, as does the
ultrasonic probe according to the first aspect. Whereas the
ultrasonic probe according to the first aspect performs
pressing in the moving direction. The intra-corporeal ultra-
sonic probe according to the second aspect performs press-
ing in a direction perpendicular to the insertion direction.

[0015] According to a third aspect of the present inven-
tion, there is provided an ultrasonic imaging device com-
prising ultrasonic wave transmitting and receiving means for
transmitting ultrasonic waves to a subject and receiving
ultrasonic waves from the subject by use of the above-
described ultrasonic probe; ultrasonic wave transmission
and reception control means for controlling the transmission
and reception of the ultrasonic waves; tomographic scanning
means for repeatedly acquiring, at predetermined intervals,
ultrasonic wave reception signal frame data representing an
image of the interior of the subject, including a locomotive
tissue, by use of a reflection echo signal output from the
ultrasonic wave transmitting and receiving means; signal
processing means for performing signal processing on a
plurality of time-series ultrasonic wave reception signal
frame data acquired by the tomographic scanning means;
black-and-white brightness information converting means
for converting the time-series tomographic frame data from
the signal processing means to black-and-white tomographic
data; ultrasonic wave reception signal frame data selecting
means for selecting a pair of ultrasonic wave reception
signal frame data to be subjected to displacement measure-
ment, among the group of time-series ultrasonic wave recep-
tion signal frame data acquired by the tomographic scanning
means; displacement measuring means for measuring the
amount of movement or displacement of each point on a
tomographic image, based on the pair of ultrasonic wave
reception signal frame data selected by the ultrasonic wave
reception signal frame data selecting means; pressure mea-
suring means for measuring or estimating an internal pres-
sure of the to-be-imaged portion of the subject; distortion
and elastic modulus calculating means for calculating a
distortion and an elastic modulus at each point on the
tomographic image, based on the displacement measured by
the displacement measuring means and the internal pressure
measured by the pressure measuring means, and for gener-
ating a first elasticity frame data; elasticity data processing
means for performing signal processing on the first elasticity
frame data generated by the distortion and elastic modulus
calculating means and for generating a second elasticity
frame data; color information converting means, or black-
and-white brightness information converting mean, for
receiving the second elasticity frame data generated by the
elasticity data processing means, and for providing color
information, or black-and-white brightness information;
switching-adding means for receiving the black-and-white
tomographic image data from the black-and-white bright-
ness information converting means and the colored elasticity
image data from the color information converting means or
the black-and-white elasticity image data from the black-
and-white brightness information converting means and for
outputting them after adding them together or outputting
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them independently; and image displaying means for dis-
playing the image data from the switching-adding means.

[0016] This aspect of the present invention is related to an
ultrasonic imaging device which can stably convert a high-
quality elasticity image to a video picture at arbitrary times
by use of the above-described ultrasonic probe.

[0017] According to a fourth aspect of the present inven-
tion, there is provided an intra-corporeal ultrasonic imaging
device comprising ultrasonic wave transmitting and receiv-
ing means for transmitting ultrasonic waves to a subject and
receiving ultrasonic waves from the subject by use of the
above-described intra-corporeal ultrasonic probe; ultrasonic
wave transmission and reception control means for control-
ling the transmission and reception of the ultrasonic waves;
tomographic scanning means for repeatedly acquiring, at
predetermined intervals, ultrasonic wave reception signal
frame data representing an image of the interior of the
subject, including a locomotive tissue, by use of a reflection
echo signal output from the ultrasonic wave transmitting and
receiving means; signal processing means for performing
signal processing on a plurality of time-series ultrasonic
wave reception signal frame data acquired by the tomo-
graphic scanning means; black-and-white brightness infor-
mation converting means for converting the time-series
tomographic frame data from the signal processing means to
black-and-white tomographic data; ultrasonic wave recep-
tion signal frame data selecting means for selecting a pair of
ultrasonic wave reception signal frame data to be subjected
to displacement measurement, among the group of time-
series ultrasonic wave reception signal frame data acquired
by the tomographic scanning means; displacement measur-
ing means for measuring the amount of movement or
displacement of each point on a tomographic image, based
on the pair of ultrasonic wave reception signal frame data
selected by the ultrasonic wave reception signal frame data
selecting means; pressure measuring means for measuring or
estimating an internal pressure of the to-be-imaged portion
of the subject; distortion and elastic modulus calculating
means for calculating a distortion and an elastic modulus at
each point on the tomographic image, based on the displace-
ment measured by the displacement measuring means and
the internal pressure measured by the pressure measuring
means, and for generating a first elasticity frame data;
elasticity data processing means for performing signal pro-
cessing on the first elasticity frame data generated by the
distortion and elastic modulus calculating means and for
generating a second elasticity frame data; color information
converting means, or black-and-white brightness informa-
tion converting mean, for receiving the second elasticity
frame data generated by the elasticity data processing
means, and providing color information, or black-and-white
brightness information; switching-adding means for receiv-
ing the black-and-white tomographic image data from the
black-and-white brightness information converting means
and the colored elasticity image data from the color infor-
mation converting means or the black-and-white elasticity
image data from the black-and-white brightness information
converting means and for outputting them after adding them
together or outputting them independently; and image dis-
playing means for displaying the image data from the
switching-adding means.
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EFFECTS OF THE INVENTION

[0018] According to the present invention, as described
above, an effect is achieved in which a high-quality elasticity
image can be stably converted to a video picture at an
arbitrary time during elasticity image diagnosis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] [FIG.1]Block diagram showing an embodiment of
an ultrasonic imaging device according to the present inven-
tion.

[0020] [FIG. 2] Diagram of a generally-used linear ultra-
sonic probe.

[0021] [FIG. 3] Diagram of an ultrasonic probe to which
a pressing plate is attached.

[0022] [FIG. 4] Diagram of an ultrasonic probe including
an automatic pressing mechanism that is a motor mecha-
nism, according to the present invention.

[0023] [FIG. 5] Diagram of an ultrasonic probe including
an automatic pressing mechanism that is a hydraulic mecha-
nism, according to the present invention.

[0024] [FIG. 6] Diagram of an external-attachment-type
automatic pressing mechanism attached to an existing ultra-
sonic probe, according to the present invention.

[0025] [FIG. 7] Diagram of an ultrasonic probe to which
pressure sensors are attached.

[0026] [FIG. 8] Diagram of a pressure measuring section
controlling the automatic pressing mechanism based on
pressure information, according to the present invention.

[0027] [FIG. 9] Outside view of a transrectal ultrasonic
probe according to an embodiment of the present invention.

[0028] [FIG. 10] Partially enlarged view and left-hand
side view showing an embodiment of an automatic pressing
mechanism provided in the transrectal ultrasonic probe.

[0029] [FIG. 11] Partially enlarged view and left-hand side
view showing an embodiment of an automatic pressing
mechanism provided in the transrectal ultrasonic probe.

[0030] [FIG. 12] Partially enlarged view and left-hand
side view showing an embodiment of an automatic pressing
mechanism provided in the transrectal ultrasonic probe.

[0031] [FIG. 13] Partially enlarged view and left-hand
side view showing an embodiment of an automatic pressing
mechanism provided in the transrectal ultrasonic probe.

[0032] [FIG. 14] Partially enlarged view and left-hand
side view showing an embodiment of an automatic pressing
mechanism provided in the transrectal ultrasonic probe.

[0033] [FIG. 15] Partially enlarged view and left-hand
side view showing an embodiment of an automatic pressing
mechanism provided in the transrectal ultrasonic probe.

[0034] [FIG. 16] Partially enlarged view. left-hand side
view, and right-hand side view showing an embodiment of
an automatic pressing mechanism provided in the transrectal
ultrasonic probe.

[0035] [FIG. 17] Diagram showing an example operation
of a pressing bag described in FIG. 16.
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[0036] [FIG. 18] Diagram showing another embodiment
of the pressing bag.

[0037] [FIG. 19] Diagram showing a modification of a
driving section that inflates and deflates the pressing bag
described in FIG. 13.

[0038] [FIG. 20] Partially enlarged view, left-hand side
view, and right-hand side view showing a modification of
the automatic pressing mechanism provided in the transrec-
tal ultrasonic probe described in FIG. 14.

[0039] [FIG. 21] Partially enlarged view, left-hand side
view, and right-hand side view showing a modification of
the automatic pressing mechanism provided in the transrec-
tal ultrasonic probe in FIG. 20.

[0040] [FIG. 22] Partially enlarged view, left-hand side
view, and right-hand side view showing a modification of
the automatic pressing mechanism provided in the transrec-
tal ultrasonic probe in FIG. 21.

[0041] [FIG. 23] Partially enlarged view, left-hand side
view, and right-hand side view showing a modification of
the automatic pressing mechanism provided in the transrec-
tal ultrasonic probe in FIG. 22.

[0042] [FIG. 24] Diagram showing an application of the
trigger section of a water pistol as a power source that inserts
liquid into the pressing bag and removes liquid from the
pressing bag.

[0043] [FIG. 25] Diagram showing a modification of FIG.
24 in which the trigger section of a water pistol is integrally
provided in the ultrasonic probe and serves as the power
source that inserts liquid into the pressing bag and removes
liquid from the pressing bag.

[0044] [FIG. 26] Diagram showing a modification of FIG.
25 in which, in place of the trigger section of a water pistol,
a structure similar to the holding section of a grip dyna-
mometer is integrally provided in the ultrasonic probe and
serves as the power source that inserts liquid into the
pressing bag and removes liquid from the pressing bag.

[0045] [FIG. 27] Diagram showing a modification of FIG.
26 in which a tube from the syringe to the pressing bag is
omitted and a pipe incorporated in the probe handle origi-
nally attached to the ultrasonic probe is used.

[0046] [FIG. 28] Diagram showing a modification of FIG.
24 in which, in place of the water pistol that can be
manipulated by fingers, a foot-pedal-type power source that
can be operated by foot is used.

DESCRIPTION OF REFERENCE NUMERALS
[0047]

[0048] 11: ultrasonic wave transmission and reception
control circuit

10: ultrasonic probe

[0049] 12: wave transmission circuit
13: reception circuit

14: phase adjustment/addition circuit

]
]
[0052] 15: signal processing section
] 16: black-and-white scan converter
]

17: switching/adding unit
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[0055] 18: image display unit

[0056] 19: ultrasonic wave reception signal frame data
selecting section

[0057] 20: displacement measuring section

[0058] 21: pressure measuring section

[0059] 22: automatic pressing mechanism

[00§0] 23: distortion and elastic modulus calculating sec-
tion

[0061] 24: elasticity data processing section

[0062] 25: color scan converter

[0063] 101: ultrasonic wave transmitting and receiving
surface

[0064] 102: pressing stage

[0065] 103: ultrasonic probe holding section

[0066] 104: supporting member

[0067] 105: switch

[0068] 31: pressing plate

[0069] 41: motor mechanism

[0070] 42: gear (pinion)

[0071] 43: plate gear (rack)

[0072] 44: motor control section

[0073] 51, and 51A to 51E: cylinder

[0074] 511, and 511A to S511E: piston

[0075] 52, and 52A 1o 52E: tube

[0076] 53, and 53A to 53E: pump

[0077] 55 and 56: pressing bag

[0078] 57: shell section

[0079] 60: automatic pressing mechanism

[0080] 61: ultrasonic probe fixing mechanism
[0081] 62: supporting member

[0082] 63: plate gear (rack)

[0083] 64: driving mechanism (motor mechanism)

[0084] 65: gear (pinion)

]
[0085] 66 and 67: gear
[0086] 71 to 76: pressure sensor
[0087] 80: transrectal ultrasonic probe
[0088] 81: probe gripping section
[0089] 82: intra-corporeal section
[0090] 83, and 83A to 83E: pressing bag
[0091] 84: opening section
[0092] 85: stopper
[0093] 86: fixing belt

]

[0094] 87: supporting member
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0095] Embodiments of the present invention will next be
described in detail, with reference to the accompanying
drawings. FIG. 1 is a block diagram showing an embodi-
ment of an ultrasonic imaging device according to the
present invention. The ultrasonic imaging device acquires a
tomographic image of a to-be-imaged portion of a subject 1,
using ultrasonic waves. In addition, the ultrasonic imaging
device displays an elasticity image indicating the hardness
of biological tissue. As shown in FIG. 1, the ultrasonic
imaging device includes an ultrasonic probe 10, an ultra-
sonic wave transmission and reception control circuit 11, a
wave transmission circuit 12, a reception circuit 13, a phase
adjustment/addition circuit 14, a signal processing section
15, a black-and-white scan converter 16, a switching/adding
unit 17, an image display unit 18, an ultrasonic wave
reception signal frame data selecting section 19, a displace-
ment measuring section 20, a pressure measuring section 21,
an automatic pressing mechanism 22, a distortion and elastic
modulus calculating section 23, an elasticity data processing
section 24, and a color scan converter 25. The ultrasonic
probe 10 includes the automatic pressing mechanism 22.

[0096] The ultrasonic probe 10 is formed with a plurality
of transducers arranged in a strip-like shape. The ultrasonic
probe 10 mechanically or electrically performs beam scan-
ning and transmits ultrasonic waves to the subject 1. In
addition, the ultrasonic probe 10 receives the ultrasonic
waves that are reflected within the subject 1. The ultrasonic
probe 10 is brought into contact with the body surface of the
subject 1 or is inserted into the subject 1. The ultrasonic
probe 10 is configured to apply pressure to a portion of the
subject 1 which surrounds the ultrasonic probe 10 in state in
which the ultrasonic probe 10 is in contact with the body
surface of the subject 1 or inserted into the subject 1. A
detailed configuration of the ultrasonic probe 10 will be
described hereafter.

[0097] The ultrasonic wave transmission and reception
control circuit 11 controls the timing at which ultrasonic
waves are transmitted and received. The wave transmission
circuit 12 generates wave transmission pulses for driving the
ultrasonic probe 10 so as to generate the ultrasonic waves.
In addition, the wave transmission circuit 12 sets the con-
vergence point of the transmitted ultrasonic waves to a
certain depth by means of a wave transmission phase
adjustment/addition circuit provided in the wave transmis-
sion circuit 12. The reception circuit 13 amplifies the reflec-
tion echo signal received by the ultrasonic probe 10 with a
predetermined gain. The amplified wave reception signals
are respectively inputted to the phase adjustment/addition
circuit 14 as independent wave reception signals. The num-
ber of wave reception signals corresponds with the number
of the transducers.

[0098] The phase adjustment/addition circuit 14 inputs the
wave reception signal amplified by the reception circuit 13
and controls the phases of the amplified wave reception
signals. Then, the phase adjustment/addition circuit 14
forms an ultrasonic beam for a single or a plurality of
convergence points. The wave reception signal from the
phase adjustment/addition circuit 14 is inputted to the signal
processing section 15. The signal processing section 15
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performs signal processing, such as gain correction, loga-
rithmic compression, wave detection, profile enhancement,
and filtering.

[0099] The ultrasonic probe 10, the ultrasonic wave trans-
mission and reception control circuit 11, the wave transmis-
sion circuit 12, the reception circuit 13, the phase adjust-
ment/addition circuit 14, and the signal processing section
15 constitute an ultrasonic wave transmitting and receiving
means. A single tomographic image is acquired by an
ultrasonic beam being swept within the body of the subject
1 in a fixed direction, using the ultrasonic probe 10.

[0100] The black-and-white scan converter 16 includes a
tomographic scanning means. The tomographic scanning
means acquires, at an ultrasonic wave intervals, ultrasonic
wave reception signal frame data representing the interior of
the subject 1, including a locomotive tissue, by use of a
reflection echo signal outputted from the signal processing
section 15 of the ultrasonic wave transmitting and receiving
means. The tomographic scanning means reads the ultra-
sonic wave reception signal frame data at a television-
system period to display the ultrasonic wave reception signal
frame data. The black-and-white scan converter 16 also
includes a means for performing system control. The black-
and-white scan converter 16 includes, for example, an
analog-to-digital converter, a plurality of frame memories,
and a controller. The analog-to-digital converter converts the
reflection echo signal outputted from the signal processing
section 15 to a digital signal. The frame memories store the
tomographic image data, which has been digitalized by the
analog-to-digital converter, in time-sequence. The controller
controls the operations of the analog-to-digital converter and
the frame memories.

[0101] The image display unit 18 displays the time-series
tomographic image data acquired by the black-and white
scan converter 16, or in other words, a B-mode tomographic
image. The image display unit 18 includes a digital-to-
analog converter and a color monitor. The digital-to-analog
converter converts the image data outputted from the black-
and-white scan converter 16 via a switching/adding unit 17,
to an analog signal. The color monitor receives the analog
video signal from the digital-to-analog converter, and dis-
plays it as an image.

[0102] According to the present embodiment, the ultra-
sonic wave reception signal frame data selecting section 19
and the displacement measuring section 20 are provided in
a circuit path branching out from the output end of the phase
adjustment/addition circuit 14. The pressure measuring sec-
tion 21 is provided in parallel with the ultrasonic wave
reception signal frame data selecting section 19 and the
displacement measuring section 20. The distortion and elas-
tic modulus calculating unit 23 is provided in the stage
following the pressure measuring section 21 and the dis-
placement measuring section 20. The elasticity data pro-
cessing section 24 and the color scan converter 25 are
provided in the stage following the distortion and elastic
modulus calculating unit 23. The switching/adding unit 17 is
provided on the output side of the black-and-white scan
converter 16 and the color scan converter 25. An operator or
the like can freely control the color scan converter 25, via a
device control interface section (not shown).

[0103] The ultrasonic wave reception signal frame data
selecting section 19 sequentially stores the ultrasonic wave
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reception signal frame data in a frame memory provided in
the ultrasonic wave reception signal frame data selecting
section 19 (the currently stored ultrasonic wave reception
signal frame data will be referred to as ultrasonic wave
reception signal frame data N). The ultrasonic wave recep-
tion signal frame data is sequentially and consecutively
outputted from the phase adjustment/addition circuit 14 at a
frame rate of the ultrasonic imaging device. In accordance
with a control instruction from the ultrasonic imaging
device, the ultrasonic wave reception signal frame data
selecting section 19 selects one piece of ultrasonic wave
reception signal frame data from among the past ultrasonic
wave reception signal frame data N-1, N-2, N-3, ..., N-M
(the selected ultrasonic wave reception signal frame data
will be referred to as ultrasonic wave reception signal frame
data X). Then, the ultrasonic wave reception signal frame
data selecting section 19 outputs the ultrasonic wave recep-
tion signal frame data N and the ultrasonic wave reception
signal frame data X to the displacement measuring section
20 as one pair. The signal outputted from the phase adjust-
ment/addition circuit 14 is not limited to the ultrasonic wave
reception signal frame data. The signal may be an (I, Q)
signal obtained through composite demodulation of the
ultrasonic wave reception signals.

[0104] The ultrasonic wave reception signal frame data
selecting section 19 acquires information on the interval
between the selected pair of ultrasonic wave reception signal
frame data N and X. A pressing action performed by the
automatic pressing mechanism 22 is controlled depending
on the interval between the selected pair of ultrasonic wave
reception signal frame data N and X. An example of the
pressing action will be described, hereafter.

[0105] The interval between the pair of ultrasonic wave
reception signal frame data N and X, selected by the
ultrasonic wave reception signal frame data selecting section
19, is determined by the interval of the ultrasonic wave
reception signal frame data outputted from the phase adjust-
ment/addition circuit 14 and inputted to the ultrasonic wave
reception signal frame data selecting section 19, and the
number of ultrasonic wave reception signal frame data
between the past ultrasonic wave reception signal frame data
X and the current ultrasonic wave reception signal frame
data N, composing the pair of ultrasonic wave reception
signal frame data. For example, if the ultrasonic wave
reception signal frame data outputted from the phase adjust-
ment/addition circuit 14 has a frame rate of 40 frames per
second and the number of removed frames between the pair
of ultrasonic wave reception signal frame data N and X is 1,
the frame rate between the pair of ultrasonic wave reception
signal frame data is 20 frames per second. The automatic
pressing mechanism 22 acquires the information on the
interval between the pair of ultrasonic wave reception signal
frame data N and X, and controls the pressing speed of the
pressing action based on the acquired interval information.

[0106] Forexample, under the above conditions, when the
frame rate of the ultrasonic wave reception signal frame data
outputted from the phase adjustment/addition circuit 14 is 40
frames per second, and the frame rate between the pair of
ultrasonic wave reception signal frame data N and X is 20
frames per second, it is presumed that pressure is consecu-
tively applied to the tissue of interest at a pressing speed V0.
The pressing speed V0 produces a distortion of 0.7% to the
tissue of interest, which is suitable for improving the image
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quality. Under the conditions, when the frame rate of the
ultrasonic wave reception signal frame data outputted from
the phase adjustment/addition circuit 14 is changed to a
frame rate of 20 frames per second due to changes in the
imaging conditions of the ultrasonic imaging device, the
frame rate between the pair of ultrasonic wave reception
signal frame data N and X becomes half or decreases to 10
frames per second. At this time, when the pressure is still
being applied at the pressing speed V0, the intermittent
period between the ultrasonic wave reception signal frame
data doubles in length. Therefore, the distortion applied to
the tissue of interest increases to 1.4%, deviating from the
range of distortion amount suitable for improving the image
quality. As a result, the outputted consecutive elasticity
image data forms a deteriorated image.

[0107] Therefore, the automatic pressing mechanism 22
according to the present embodiment acquires the informa-
tion on the interval of the ultrasonic wave reception signal
frame data and halves the pressing speed to V0/2, for
example, under the above conditions. As a result, even when
the ultrasonic wave transmission and reception cycle
changes due to the changes in the imaging conditions of the
ultrasonic imaging device, the pressing action can be auto-
matically controlled so that the pressing speed becomes
optimal for acquiring a high-quality elasticity image.

[0108] In addition, the automatic pressing mechanism 22
can arbitrarily switch the settings of the pressing action, such
as the pressing speed, the cumulative compression amount
(amplitude) during a continuous pressure increasing and
decreasing processes, and the pressure threshold for stop-
ping the pressing action.

[0109] The displacement measuring section 20 performs a
one-dimensional or a two dimensional correlation process,
based on the pair of ultrasonic wave reception signal frame
data selected by the ultrasonic wave reception signal frame
data selecting section 19. The displacement measuring sec-
tion 20 measures the displacement or the motion vector (the
direction and distance of the displacement) of each measur-
ing point on the tomographic image and generates displace-
ment frame data. As methods used to detect the motion
vector, for example, there are the block matching method
and the gradient method, such as those described in Patent
Document 1. In the block matching method, the images are
divided into blocks composed of, for example, NxN pixels.
Then, a block that is the most similar to a block of interest
in the current frame is searched from the previous frame.
Predictive coding is performed with reference to the
searched block.

[0110] The pressure measuring section 21 measures or
estimates the pressure applied to the to-be-imaged portion of
the subject 1. The pressure measuring section 21 measures
the pressure applied between the probe head of the ultra-
sonic probe 10 and the subject 1. For example, the pressure
measuring section 21 may be configured so that a pressure
sensor is attached to the side surface of the probe head. The
pressure sensor detects the pressure applied to a stick-shaped
member. The pressure measuring section 21 measures the
pressure between the probe head and the subject 1 at an
arbitrary time and sends the measured pressure value to the
distortion and elastic modulus calculating section 23. No
particular limitation is imposed on the type of pressure
sensor. For example, a capacitive or a resistance wire-type
pressure sensor may be used.
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[0111] The distortion and elastic modulus calculating sec-
tion 23 calculates the distortion and the elastic modulus at
each measuring point on the tomographic image from the
displacement frame data (the amount of movement) and the
pressure respectively outputted from the displacement mea-
suring section 20 and the pressure measuring section 21. The
distortion and elastic modulus calculating section 23 genet-
ates numeric data (elasticity frame data) on the distortion
and the elastic modulus and outputs the numeric data to the
elastic data processing section 24. The calculation of the
distortion performed by the distortion and elastic modulus
calculating section 23 does not require data on pressure. The
distortion may be determined through calculation by spa-
tially differentiating the displacement. In addition, for
example, Young’s modulus of elasticity Ym, which is one
elastic modulus, is determined by dividing the stress (pres-
sure) at each calculation point by the amount of distortion at
each calculation point, as shown in the following equation.
;’rgtij=pr§ssure (stress) #j/(distortion amount if) (i,/=1,
Here, the indicators i and j indicate the coordinates of the
frame data.

[0112] The elasticity data processing section 24 performs
various image processing on the elasticity frame data from
the distortion and elastic modulus calculating section 23.
The image processing includes, for example, a smoothing
process within the coordinate plane, a contrast optimization
process, and a smoothing process in the time axis direction
between frames. Then, the elasticity data processing section
24 outputs the processed elasticity frame data to the color
scan converter 25.

[0113] The color scan converter 25 includes a color infor-
mation converting means, which receives the elasticity
frame data outputted from the elasticity data processing
section 24, and an instruction from a device control interface
216 or an upper limit and a lower limit of a gradation-
imparting selection range for the elasticity frame data out-
putted from the elasticity data processing section 24, and
provides, as elasticity image data, information of colors,
such as red, green, and blue, determined from the elasticity
frame data. For example, with regards to a region in the
elasticity frame data outputted from the elasticity data
processing section 24 in which a large amount of distortion
is measured, the color information converting means
changes the corresponding region within the elasticity image
data to a red color code. On the other hand, with regards to
a region in which a small amount of distortion is measured,
the color information converting means changes the corre-
sponding region within the elasticity image data to a blue
color code. The color scan converter 25 may be a black-
and-white converter. In this case, with regards to the region
in which a large amount of distortion is measured, the
brightness of the corresponding region within the elasticity
image data is increased, and with regards to the region in
which a small amount of distortion is measured, the bright-
ness of the corresponding region within the elasticity image
data is decreased.

[0114] The black-and-white tomographic image data from
the black-and-white scan converter 16 and the colored
elasticity image data from the color scan converter 25 are
inputted to the switching/adding unit 17. The switching/
adding unit 17 switches or adds the images, so as to output
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only the black-and-white tomographic image data or the
colored elasticity image data, or output both the image data
after adding them for composition. In addition, for example,
as described in Patent Document 2, the black-and-white
tomographic image, and the colored elasticity image or the
black-and-white elasticity image from the black-and-white
scan converter may be simultaneously displayed on a two-
screen display. Furthermore, for example, the colored elas-
ticity image may be made translucent and superposed on the
black-and-white tomographic image. The image data out-
putted from the switching/adding unit 17 is outputted to the
image display unit 18.

[0115] FIG. 2 is an outside view of a generally-used,
one-dimensional linear array ultrasonic probe. A group of
transducer elements is aligned and disposed on an ultrasonic
transmission and reception surface 101 of the ultrasonic
probe 10. The group of transducer elements serves as a
source of ultrasonic waves, and also receives reflection echo
signals. Each transducer generally functions to convert an
input wave transmission signal in the form of a pulse wave
or a continuous wave to ultrasonic waves, and radiate the
ultrasonic waves. The transducers also function to receive
the ultrasonic waves reflected from the interior of the subject
1, convert the reflected ultrasonic wave into an electrical
reception wave signal, and output the reception wave signal.

[0116] FIG. 3 is an outside view of the ultrasonic probe 10
for acquiring an elasticity image using ultrasonic waves. The
ultrasonic probe 10 includes a pressing plate 31 attached
such that the surface of the pressing plate becomes flush with
the ultrasonic wave transmitting and receiving surface 101.
The center of the pressing plate 31 is cut out so that the
ultrasonic wave transmitting and receiving surface 101 is
exposed. When acquiring the elasticity image, the ultrasonic
waves are transmitted and received via the ultrasonic wave
transmitting and receiving surface 101. At the same time, in
order to apply a distributed stress to the to-be-imaged
portion of the subject 1, a pressing surface formed by the
ultrasonic wave transmitting and receiving surface 101 and
the pressing plate 31 is brought into contact with the subject
1, and is moved vertically so as to press the subject 1. The
vertical movement of the pressing surface may be performed
manually by an operator. However, the vertical movement
may be performed by the automatic pressing mechanism 22
such as those described below.

[0117] FIG. 4is a diagram showing an embodiment of the
automatic pressing mechanism 22 that performs pressing
action of the ultrasonic probe, in which a driving force from
an actuator including a motor mechanism is used. In FIG. 4,
the automatic pressing mechanism 22 vertically moves a
pressing stage 102, which has an independent pressing
surface formed by the ultrasonic wave transmitting and
receiving surface 101 and the pressing plate 31. The auto-
matic pressing mechanism 22 includes a rack and pinion
composed of a pinion 42 and a rack 43. The pinion 42 is
provided on a rotation shaft of a motor mechanism 41 held
in a probe gripping section 103 of the ultrasonic probe 10.
The probe gripping section 103 is gripped by the operator.
The rack 43 is provided on a supporting member 104 of the
pressing stage 102. The motor mechanism 41 moves the
pressing stage 102 vertically in relation to the probe gripping
section 103, via the rack and pinion, in accordance with
control instructions from an external motor control section
44. In other words, when the operator grips the probe

Feb. 7,2008

gripping section 103 and places the pressing stage 102 in
contact with the subject 1, pressure is applied to the subject
1, via the pressing stage 102, by the actuator changing the
distance between the pressing stage 102 and the probe
gripping section 103.

[0118] A switch (not shown) is disposed in a position that
enables the operator to manipulate the switch by the fingers
on the hand gripping the probe gripping section 103. The
switch is an interface allowing the operator to operate the
automatic pressing mechanism 22 (motor control section
44). Through manipulation of the switch, the operator can
turn the automatic pressing mechanism 22 on and off, and
adjust the operation pressure, the operation cycle, etc. The
interface for operating the automatic pressing mechanism 22
is not limited to the above-described switch that is manipu-
lated by the fingers on the hand. The interface may also be,
for example, a foot switch that can be operated by the foot.

[0119] The motor mechanism 41 may include a mecha-
nism using an electromagnetic motor, an ultrasonic motor, or
the like. The power transmission mechanism 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, and the
supporting member 104 may be driven in the vertical
direction in accordance with the shape of the cam. In
addition, a direct motor or the like may be connected directly
to the pressing stage 102, thereby driving the pressing stage
102 without the use of a power transmission mechanism
such as the rack and pinion.

[0120] FIG. 5 is a diagram showing another embodiment
of the automatic pressing mechanism 22, in which the
driving force from a pump mechanism is used. In FIG. 5, the
automatic pressing mechanism 22 includes a reciprocating
cylinder 51 held in the probe gripping section 103 of the
ultrasonic probe 10. The probe gripping section 103 is
gripped by the operator. The supporting member 104 of the
pressing stage 102 is connected to a piston 511 of the
cylinder 51. The cylinder 51 is connected to an inlet port and
an outlet port of a pump 53 by a tube 52. The piston 511
provided within the cylinder 51 is moved vertically under
the pressure control of the pump 53. With the structure in
which the pressing stage 102 is moved together with the
piston, the pressing stage 102 is automatically moved in the
vertical direction. Similarly, a switch (not shown) is dis-
posed in a position which enables the operator to manipulate
the switch by the fingers on the hand gripping the probe
gripping section 103. The switch is an interface allowing the
operator to operate the automatic pressing mechanism 22
(pump 53). No particular limitation is imposed on the
working fluid of the pump mechanism, and the working fluid
may be water, oil, air, etc.

[0121] According to the above-described embodiment,
examples in which driving mechanisms for driving the
pressing stage 102, such as the motor mechanism and the
pump mechanism, are provided on the probe gripping sec-
tion 103 side are shown. However, the driving mechanism
may be provided on the pressing stage 102 side. In addition,
examples in which the automatic pressing mechanism 22 is
installed within the ultrasonic probe 10 are described. How-
ever, the automatic pressing mechanism 22 may be extet-
nally attached to an existing ultrasonic probe.

[0122] FIG. 6 is a diagram showing another embodiment
of the automatic pressing mechanism 22, in which an
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automatic pressing mechanism 60 is externally attached to
an existing ultrasonic probe, so that the automatic pressing
unit 60 can perform the operation equivalent to that of the
drive of the pressing stage. The automatic pressing unit 60
includes an ultrasonic probe fixing mechanism 61 and a
driving mechanism 62. The ultrasonic probe fixing mecha-
nism 61 fixedly holds the existing ultrasonic probe 10. The
driving mechanism 62 drives the ultrasonic probe fixing
mechanism 61 in a straight direction (vertical direction).
Similarly, a switch (not shown) is disposed in a position
which allows the operator to manipulate the switch by the
fingers on the hand gripping the automatic pressing unit 60.
The switch is an interface allowing the operator to operate
the automatic pressing unit 60. The ultrasonic probe fixing
mechanism 61 comes into pressure contact with a neck
portion of the probe gripping section 103 of the ultrasonic
probe 10, so as to fixedly hold the ultrasonic probe 10. The
ultrasonic probe 10 that is fixed by such an ultrasonic probe
fixing mechanism 61 is equivalent to the pressing stage, such
as that shown in FIG. 4. The probe gripping section 103,
namely the ultrasonic probe 10, is moved vertically, using a
rack and pinion composed of a rack 63 and a pinion 65. The
rack 63 is provided on a supporting member 62 of the
ultrasonic probe fixing mechanism 61. The pinion 65 is
provided on the rotation axis of the 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 that includes such an automatic
pressing unit 60 is removably attached to the outside of the
casing of the existing ultrasonic probe 10. When the operator
grips the automatic pressing unit 60, the ultrasonic probe 10
itself can be moved vertically as the pressing stage.

[0123] Next, there will be described an embodiment in
which the pressure measuring section 21 measures the
pressure applied to the skin of the subject 1 from the
pressing surface, and the operation of the automatic pressing
mechanism 22 is controlled using the pressure data.

[0124] FIG. 7 is a diagram showing an embodiment of the
ultrasonic probe 10 including a pressure measuring section
21 for measuring the pressure applied between the ultrasonic
wave transmitting and receiving surface 101 of the ultra-
sonic probe 10 and the skin of the subject 1. As shown in
FIG. 7, the ultrasonic probe 10 includes the pressure mea-
suring section 21 including pressure sensors 71 to 76. The
pressure sensors 71 to 76 are disposed on the peripheral edge
portion of the pressing plate 31. Using such an ultrasonic
probe 10, as shown in FIG. 1, the pressure measuring section
21 measures the pressure between the pressing plate 31 and
the skin of the subject 1 at an arbitrary time and outputs the
pressure data to the automatic pressing mechanism 22 and
the distortion and elastic modulus calculating section 23. In
other words, the automatic pressing mechanism 22 accord-
ing to the present embodiment acquires the pressure data
measured by the pressure measuring section 21 and controls
the pressing action of the automatic pressing mechanism 22
based on the pressure data. The pressure measuring section
21 may acquire pressure data by measuring the load acting
on the driving mechanism of the automatic pressing mecha-
nism 22 and calculating the pressure applied to the skin of
the subject 1 from the pressing surface based on the mea-
sured load.

[0125] There will be described a case where, as shown in
FIG. 1, the automatic pressing mechanism 22 and the
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pressure measuring section 21 are connected together in
order to control the operation of the automatic pressing
mechanism 22. FIG. § is a diagram of an example of the
automatic pressing mechanism 22 in which the driving
power generated by the motor mechanism 41 shown in FIG.
4 is used. As shown in FIG. 8, the pressure data from the
pressure sensors 71 to 76 attached to the peripheral edge
portion of the pressing plate 31 is inputted to the motor
control section 44 of the automatic pressing mechanism 22.
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 so that the motor
mechanism 41 performs the desired pressing action.

[0126] Through the use of the automatic pressing mecha-
nism 22 according to the present embodiment, the operation
of the automatic pressing mechanism 22 can be stopped
when the pressure measuring section 21 measures a pressure
higher than a certain reference level. As a result, excessive
pressure is not applied to the subject. In addition, when
capturing an elasticity image, there is a pressure range
within which a high-quality elasticity image can be
obtained. When pressure exceeding the upper limit or pres-
sure below the lower limit is applied, it is known that the
elasticity image deteriorates.

[0127] In the automatic pressing mechanism 22 according
to the present embodiment, when the pressure measuring
section 21 measures a pressure higher than a certain thresh-
old during a certain continuous pressure increasing process,
the operation of the automatic pressing mechanism 22 can
be controlled so that the pressure increasing process is
switched to the continuous pressure decreasing process. On
the other hand, when the pressure measuring section 21
measures a pressure lower than a certain threshold during a
certain continuous pressure decreasing process, the opera-
tion of the automatic pressing mechanism 22 can be con-
trolled so that the pressure decreasing process is switched to
the continuous pressure increasing process. Through the
repetition of this operation, an appropriately pressed state
can be always maintained. As a result, a high-quality elas-
ticity image can be efficiently acquired within a limited
imaging time.

[0128] Next, there will be described an intra-corporeal
ultrasonic probe according to an embodiment of the present
invention used for acquiring an elasticity image of the
subject 1 by use of ultrasonic waves. The ultrasonic probe
may assume a different shape in accordance with a portion
of the subject into which the ultrasonic probe is inserted.
That is, there exist ultrasonic probes of various types, such
as a per-oral-type, a per-anal-type, a transvaginal-type, or an
intravascular-type. The present invention can be applied
regardless of the shape or type of ultrasonic probe. Hereaf-
ter, a transrectal probe that is inserted into the rectum via the
anus of the subject will be described as an example.

[0129] FIG. 9is an outside view of a transrectal ultrasonic
probe 80 according to an embodiment of the present inven-
tion. The transrectal ultrasonic probe 80 is equivalent to the
ultrasonic probe 10 in FIG. 1. When the operator grips a
probe gripping section 81 and inserts an intra-corporeal
section 82 into the rectum of the subject 1, the ultrasonic
wave transmitting and receiving surface 101 comes into
contact with the inner surface of the rectum of the subject.
The pressing stage 102 including the pressing surface
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formed by the ultrasonic wave transmitting and receiving
surface 101 and the pressing plate 31 can be moved relative
to the intra-corporeal section 82. Then, the pressing stage
102 is pressed against the inner surface of the rectum of the
subject 1 by the automatic pressing mechanism 22 incorpo-
rated in the intra-corporeal section 82. A switch 105 is
disposed in a position which allows the operator to manipu-
late the switch by the fingers on the hand gripping the probe
gripping section 81. The switch is an interface allowing the
operator to operate the automatic pressing mechanism 22.

[0130] FIG. 10(a) is a partially enlarged view showing an
embodiment of the automatic pressing mechanism 22 pro-
vided in the transrectal ultrasonic probe 80. FIG. 10(b) is a
diagram of the ultrasonic probe 80 in FIG. 10(a) viewed
from the left-hand side. According to the embodiment, the
automatic pressing mechanism 22 moves the pressing stage
102 relative to the intra-corporeal section 82, in the direction
indicated by the vertical arrow 30 in the drawings. The
automatic pressing mechanism 22 moves the pressing stage
102 by the action of the actuator including the motor
mechanism 41, the pinion 42, and the rack 43. The automatic
pressing mechanism 22 includes the motor mechanism 41
and the rack and pinion. The motor mechanism 41 is
installed and held within the intra-corporeal section 82. The
rack and pinion includes the pinion 42 and the rack 43. The
pinion 42 is provided on the rotation shaft of the motor
mechanism 41. The rack 43 is provided on a supporting
member 87 of the pressing stage 102.

[0131] The motor mechanism 41 is controlled by the
switch 105 provided on the probe gripping section 81. The
motor mechanism 41 moves the pressing stage 102 verti-
cally, via the rack and pinion. In other words, the operator
can turn the automatic pressing mechanism 22 on and off,
and adjust the operation pressure, the operation cycle, etc.,
via the switch. When the operator grips the probe gripping
section 81 and inserts the intra-corporeal section 82, includ-
ing the pressing stage 102, into the subject 1, the actuator
changes the distance between the pressing stage 102 and the
surface of the intra-corporeal section 82. Therefore, pressure
can be applied to the subject 1, via the pressing stage 102.
In other words, a surface of the intra-corporeal section 82
opposite the pressing stage 102 serves as a supporting
surface, and comes into contact with a surface portion of the
inner surface of the rectum of the subject 1, the surface
potion being opposite to the portion to be imaged. Therefore,
when the actuator changes the distance between the pressing
stage 102 and the supporting surface, pressure is applied to
the inner surface of the rectum of the subject with which the
pressing stage 102 is in contact.

[0132] The motor mechanism 41 may include a mecha-
nism using an electromagnetic motor, an ultrasonic motor, or
the like. The power transmission mechanism 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, and the
supporting member 104 may be driven in the vertical
direction in accordance with the shape of the cam. In
addition, a direct motor or the like may be connected directly
with the pressing stage 102, thereby driving the pressing
stage 102 without the use of a power transmission mecha-
nism, such as the rack and pinion.

[0133] FIG. 11(a) is a partially enlarged view showing
another embodiment of the automatic pressing mechanism
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22 provided in the transrectal ultrasonic probe 80. FIG. 11(4)
is a diagram of the ultrasonic probe 80 in FIG. 11(a) viewed
from the left-hand side. According to the embodiment, fluid
is supplied to and discharged from a pressing bag 83 by a
pump 53 and a tube 52, thereby inflating and deflating the
pressing bag 83 in the directions of the bidirectional arrows
31 and 32. As a result, the pressing stage 102 moves relative
to the intra-corporeal section 82, along the direction of the
vertical arrow 30 in the drawing, whereby pressure is
applied to the inner surface of the rectum of the subject 1
with which the pressure stage 102 is in contact. In this case
as well, a switch (not shown) is disposed in a position which
allows the operator to manipulate the switch by the fingers
on the hand gripping the probe gripping section 81. The
switch is an interface allowing the operator to operate the
automatic pressing mechanism 22 (pump 53). No particular
limitation is imposed on the working fluid of the pump
mechanism, and the working fluid may be water, oil, air, etc.
[0134] FIG. 12(a) is a partially enlarged view showing
another embodiment of the automatic pressing mechanism
22 provided in the transrectal ultrasonic probe 80. FIG.
12(b) is a diagram of the ultrasonic probe 80 in FIG. 12(a)
viewed from the left-hand side. According to the embodi-
ment, the automatic pressing mechanism 22 is configured so
that five systems including the pump, tube, and pressing bag
are provided on the opposite side of the pressing stage 102.
The pump, tube, and pressing bag are the same as those used
in the embodiment described in FIG. 11(a) and FIG. 11().
The pressing bags 83A, 83B, 83C, 83D, and 83E are
respectively inflated and deflated by pumps 53A, 53B, 53C,
53D, and 53E, and tubes 52A, 52B, 52C, 52D, and 52E. By
the pressing bags 83A, 83B, 83C, 83D, and 83E being
selectively inflated and deflated, the pressing stage 102 can
be moved relative to the intra-corporeal section 82, in the
respective directions of arrows A, B, C, D, and E, shown in
FIG. 12(b). As a result, pressure may be applied to the inner
surface of the rectum of the subject 1 in the direction desired
by the operator.

[0135] FIG. 13(a) is a partially enlarged view showing
another embodiment of the automatic pressing mechanism
22 provided in the transrectal ultrasonic probe. FIG. 13(5) is
a diagram of the ultrasonic probe in FIG. 13(a) viewed from
the left-hand side. According to the embodiment, the auto-
matic pressing mechanism 22 is configured so that the
pressing bags 83A, 83B, 83C, 83D, and 83E are attached to
the outside of the existing transrectal ultrasonic probe 80.
The pressing bags 83A, 83B, 83C, 83D, and 83FE are the
same as those used in the embodiment described in FIG.
12(a) and FIG. 12(b). The pressing bags 83A, 83B, 83C,
83D, and 83F are respectively inflated and deflated by five
pumps (not shown) connected via tubes 52A, 52B, 52C,
52D, and 52E. The surface of the pressing bags 83A, 83B,
83C, 83D, and 83E serves as a supporting surface, which
comes into contacts with a surface area of the inner surface
of the rectum of the subject 1, the surface area being
opposite to a portion to be imaged. By the pressing bags
83A, 83B, 83C, 83D, and 83E being selectively inflated and
deflated, the entire intra-corporeal section 82 can be moved
relative to the rectum of the subject 1, in the respective
directions of arrows A, B, C, D, and E, shown in FIG. 13(5).
As a result, pressure can be applied to the inner surface of
the rectum of the subject in the direction desired by the
operator, even when the transrectal ultrasonic probe does not
have a movable pressing stage.
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[0136] FIG. 14(a) is a partially enlarged view showing
another embodiment of the automatic pressing mechanism
22 provided in the transrectal ultrasonic probe. FIG. 14(5) is
a diagram of the ultrasonic probe in FIG. 14(a) viewed from
the left-hand side. According to the embodiment, the auto-
matic pressing mechanism 22 is configured so that a ring-
shaped pressing bag 55 is attached to the outside of the
existing transrectal ultrasonic probe 80. A pump (not
shown), connected to the pressing bag 55 via an opening 84
and the tube 52, supplies liquid (for example, water or saline
solution) to the pressing bag 55 and discharges liquid from
the pressing bag 55, thereby inflating and deflating the
pressing bag 55. The pressing bag 55 is in contact with the
inner surface of the rectum of the subject 1. Therefore, by the
pressing bag 55 being inflated and deflated, pressure can be
applied to the inner surface of the rectum of the subject
without moving the ultrasonic wave transmitting and receiv-
ing surface 101 relative to the inner surface of the rectum of
the subject. The pressing bag 55 is present between the
ultrasonic wave transmitting and receiving surface 101 and
the inner surface of the rectum of the subject. However,
since the pressing bag 55 is filled with liquid, without
hindering the transmission and reception of ultrasonic
waves, a surface area of the pressing bag 55 in contact with
an area of the inner surface of the rectum of the subject
where the portion to be imaged is present functions as an
ultrasonic wave transmitting and receiving surface. In addi-
tion, a surface area of the pressing bag 55 which comes into
contacts with a surface area of the inner surface of the
rectum of the subject, the surface area being opposite to a
portion to be imaged, serves as a supporting surface.

[0137] FIG. 15(a) is a partially enlarged view showing
another embodiment of the automatic pressing mechanism
22 provided in the transrectal ultrasonic probe. FIG. 15(b) is
a diagram of the ultrasonic probe in FIG. 15(a) viewed from
the left-hand side. According to the embodiment, a stopper
85 is attached to the outside of the ring-shaped pressing bag
55 described in FIG. 14(a) and FIG. 14(d). The stopper 85
restricts the inflating direction of the pressing bag 55. As a
result, the inflating direction of the pressing bag 55 is
restricted to one direction. Therefore, pressure can be effi-
ciently applied to the inner surface of the rectum of the
subject 1. At this time, the surface of the stopper 85 serves
as a supporting surface which comes into contacts with a
surface area of the inner surface of the rectum of the subject,
the surface area being opposite to a portion to be imaged.

[0138] FIG. 16(a) is a partially enlarged view showing
another embodiment of the automatic pressing mechanism
22 provided in the transrectal ultrasonic probe. FIG. 16(d) is
a diagram of the ultrasonic probe in FIG. 16(a) viewed from
the left-hand side. FIG. 16(c) is a perspective view of only
the pressing bag 55 and the tube 52. According to the
embodiment, the automatic pressing mechanism 22 is con-
figured so that the pressing bag 55 is attached to the outside
of the existing transrectal ultrasonic probe by use of fixing
belts 86. A pump (not shown), connected to the pressing bag
55 via the tube 52, supplies liquid (for example, water or
saline solution) to the pressing bag 55 and discharges liquid
from the pressing bag 55, thereby inflating and deflating the
pressing bag 55. The circumference of the pressing bag 55
is in contact with the inner surface of the rectum of the
subject. Therefore, pressure can be applied directly to the
inner surface of the rectum of the subject by the pressing bag
55 being inflated and deflated. As a result, the automatic
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pressing mechanism 22 can be easily attached to the tran-
srectal ultrasonic probe 80 that does not have the opening 84
or the internal tube 52, as does FIG. 14. Although an
example in which the pressing bag 55 and the tube 52 are
attached by the fixing belts 86 is described, the pressing bag
55 and the tube 52 may be attached using other methods.

[0139] FIG. 17 is a diagram showing another embodiment
of the operation of the pressing bag 55 described in FIG.
16(a). FIG. 18 is a diagram showing another embodiment of
the pressing bag. Depending on the shape and the elasticity
of the tissue to which pressure is applied by the pressing bag
55, the pressing bag 55 becomes deformed and spreads in
the side directions, as indicated by the arrows 33 and 34 in
FIG. 17, so that the pressing bag 55 may fail to efficiently
press the tissue. Therefore, as shown in FIG. 18, a shell
section 57 that restricts the inflating direction of a pressing
bag 56 is provided. The shell section 57 requires a lower
flexibility than other sections of the pressing bag 56. For
example, as a first method, the shell section 57 is made
thicker than the other sections of the pressing bag 56. As a
second method, a net or the like is adhered to the section of
the pressing bag 56 that corresponds to the shell section 57.
As a third method, the shell section 57 is formed from a
different material having a lower stretchability than the
remaining portion of the pressing bag 56. By the shell
section 57 being formed using these methods, the pressing
bag 55 deforms in predetermined directions, and the pres-
sure may be efficiently applied to the tissue to be pressed.

[0140] FIG. 19 is a diagram showing a modification of the
driving section described in FIG. 13. The driving section
inflates and deflates the pressing bag. In FIG. 13, a configu-
ration is described in which the pressing bags 83A, 83B,
83C, 83D, and 83E, attached to the outside of the existing
transrectal ultrasonic probe 80, are respectively inflated and
deflated by five pumps (not shown), connected to the bags
via the tubes 52A, 52B, 52C, 52D, and 52E. However, in
FIG. 19, a driving section including cylinders 51A to 51E
and pistons 511A to 511E is provided. The cylinders 51A to
51E are held in the probe gripping section 81. The pistons
511A to 511F move vertically within the cylinders 51A to
51E. The pistons 511A to 511E of the driving section can be
operated by fingers (manually). The cylinders 51A to 51E
are connected to the pressing bags 83A, 83B, 83C, 83D, and
83E, via the tubes 52A to 25E. Therefore, by the operator
arbitrarily operating the pistons 511A to 511E using the
fingers on the hand, the working fluid within the cylinders
51A to 51E can be fed to the pressing bags 83A, 83B, 83C,
83D, and 83F. As a result, delicate pressing actions can be
performed. In addition, when excessive pressure is applied
to the pressing bags 83A, 83B, 83C, 83D, and 83E, the force
is transmitted to the fingers. Therefore, pressing conditions
such as excessive pressing can be recognized by the fingers.

[0141] FIG. 20 is a diagram showing a modification of the
automatic pressing mechanism 22 described in FIG. 14. The
automatic pressing mechanism 22 is provided in the tran-
srectal ultrasonic probe. FIG. 20(a) is a partially enlarged
view. FIG. 20(b) is a diagram of the ultrasonic probe in FIG.
20(a) viewed from the left-hand side. FIG. 20(c) is a
diagram of the ultrasonic probe in FIG. 20(a) viewed from
the right-hand side. According to the embodiment, the
ultrasonic probe includes two probe heads; i.e.. the ultra-
sonic wave transmitting and receiving surfaces 101 and 103.
The probe head 101 is a convex-type. The probe head 103
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is a linear-type. A pressing bag 131 is provided so as to cover
the two ultrasonic wave transmitting and receiving surfaces
101 and 103. By liquid being fed to and removed from the
pressing bag 131, the pressing bag 131 is inflated and
deflated, thereby applying pressure to the tissue to be
pressed. The above-described pump may be used as a power
source used to feed the liquid into the pressing bag 131 and
remove the liquid from the pressing bag 131, via a tube 132.
Alternatively, the liquid may be manually fed to and
removed from the pressing bag 131, using a syringe and the
like. Since the pressing bag 131 is in contact with the inner
surface of the rectum of the subject 1, by the pressing bag
131 being inflated and deflated, pressure can be applied to
the inner surface of the rectum of the subject without the
ultrasonic wave transmitting and receiving surfaces 101 and
103 being moved relative to the inner surface of the rectum
of the subject. The pressing bag 131 is present between the
ultrasonic wave transmitting and receiving surfaces 101 and
103 and the inner surface of the rectum of the subject 1.
However, since the pressing bag 131 is filled with liquid,
without hindering the transmission and reception of ultra-
sonic waves, a surface area of the pressing bag 131 in
contact with an area of the inner surface of the rectum of the
subject where the portion to be imaged is present functions
as an ultrasonic wave transmitting and receiving surface. In
addition, a surface area of the pressing bag 131 which comes
into contacts with a surface area of the inner surface of the
rectum of the subject, the surface area being opposite to a
portion to be imaged, serves as a supporting surface.

[0142] FIG. 21 is a diagram showing a modification of the
automatic pressing mechanism 22 described in FIG. 20. The
automatic pressing mechanism 22 is provided in the tran-
srectal ultrasonic probe. FIG. 21(a) is a partially enlarged
view. FIG. 21(b) is a diagram of the ultrasonic probe in FIG.
21(a) viewed from the left-hand side. FIG. 21(c) is a
diagram of the ultrasonic probe in FIG. 21(a) viewed from
the right-hand side. According to the embodiment, the
ultrasonic probe includes two probe heads; i.e., the ultra-
sonic wave transmitting and receiving surfaces 101 and 103.
The probe head 101 is a convex-type. The probe head 103
is a linear-type. A pressing bag 141 is provided so as to cover
the entire tip of the probe head, including the ultrasonic
wave transmitting and receiving surface 101 that serves as a
probe head section. The pressing bag 141 is inflated and
deflated by liquid being fed to and removed from the
pressing bag 141, thereby applying pressure to the tissue to
be pressed. The above-described pump may be used as a
power source used to feed the liquid into the pressing bag
141 and remove the liquid from the pressing bag 141, via a
tube 142. Alternatively, the liquid may be manually fed to
and removed from the pressing bag 141, using a syringe and
the like.

[0143] FIG. 22 is a diagram showing a modification of the
automatic pressing mechanism 22 described in FIG. 21. The
automatic pressing mechanism 22 is provided in the tran-
srectal ultrasonic probe. FIG. 22(a) is a partially enlarged
view. F1G. 22(b) is a diagram of the ultrasonic probe in FIG.
22(a) viewed from the left-hand side. FIG. 22(c) is a
diagram of the ultrasonic probe in FIG. 22(a) viewed from
the right-hand side. According to the embodiment, the
ultrasonic probe includes two probe heads; i.e., the ultra-
sonic wave transmitting and receiving surfaces 101 and 103.
The probe head 101 is a convex-type. The probe head 103
is a linear-type. A ring-shaped pressing bag 151 is provided
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s0 as to cover only the outer circumference of the ultrasonic
wave transmitting and receiving surface 101 that serves as a
probe head section. The ring-shaped pressing bag 151 is
structured so that the tip of the probe head can be inserted.
The pressing bag 151 is inflated and deflated by liquid being
fed to and removed from the pressing bag 151, thereby
applying pressure to the tissue to be pressed. The above-
described pump may be used as a power source used to feed
the liquid into the pressing bag 151 and remove the liquid
from the pressing bag 151, via a tube 152. Alternatively, the
liquid may be manually fed to and removed from the
pressing bag 151, using a syringe and the like. Although an
example in which the ring-shaped pressing bag 151 is
provided only on the outer circumference of the ultrasonic
wave transmitting and receiving surface 101 is described,
the pressing bag and the mechanism for the pressing bag
may also be similarly provided for the outer circumference
of the ultrasonic wave transmitting and receiving surface
103. By the pressing bags being provided on the outer
circumference of the two ultrasonic wave transmitting and
receiving surfaces, the surface from which the elasticity
image is to be acquired can be selected and pressure can be
applied thereto. At the same time, by the two pressing bags
being simultaneously inflated, the elasticity images of two
cross-sections may be simultaneously acquired.

[0144] FIG. 23 is a diagram showing a modification of the
automatic pressing mechanism 22 described in FIG. 22. The
automatic pressing mechanism 22 is provided in the tran-
srectal ultrasonic probe. FIG. 23(a) is a partially enlarged
view. FIG. 23(b) is a diagram of the ultrasonic probe in FIG.
23(a) viewed from the left-hand side. FIG. 23(c) is a
diagram of the ultrasonic probe in FIG. 23(a) viewed from
the right-hand side. According to the embodiment, the
ultrasonic probe includes two probe heads; i.e., the ultra-
sonic wave transmitting and receiving surfaces 101 and 103.
The ring-shaped pressing bag 151 is provided so as to cover
only the outer circumference of the ultrasonic wave trans-
mitting and receiving surface 101 that serves as a probe head
section. A stopper 165 that restricts the inflating direction of
the pressing bag 161 is attached to the outside of the
ring-shaped pressing bag 161. Since the direction of the
inflation of the pressing bag 161 is restricted to one direc-
tion, pressure can be effectively applied to the inner surface
of the rectum of the subject 1 by feeding liquid to the
pressing bag 161 and removing the liquid therefrom. At this
time, the surface of the stopper 165 serves as a supporting
surface which comes into contacts with a surface area of the
inner surface of the rectum of the subject 1, the surface area
being opposite to a portion to be imaged. The above-
described pump may be used as a power source used to feed
the liquid into the pressing bag 161 and remove the liquid
from the pressing bag 161, via tubes 162 and 163. Alterna-
tively, the liquid may be manually fed to and removed from
the pressing bag 161, using a syringe and the like.

[0145] FIG. 24 to FIG. 28 are diagrams showing modifi-
cations of the power used to feed the liquid into the pressing
bag and remove the liquid from the pressing bag. In the
above-described embodiments, mechanical power from a
motor mechanism, a pump, or the like being used as the
power is described. However, these modifications employ
manual operation structures which enable the operator to
easily perform the operation of feeding and removing the
liquid by use of one hand only. For example, a mechanism
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that can be operated manually, such as the trigger of a water
pistol or the holding section of a grip dynamometer, is used
as the power source.

[0146] FIG. 24 is a diagram showing an application of the
trigger section of a water pistol as the power source for
feeding liquid to the pressing bag and removing the liquid
therefrom. The water pistol section is provided separately
from the ultrasonic probe. The end of a piston rod 172 is
connected to a trigger section 171 of a water pistol 170. The
piston of a syringe 173 is inserted and removed by the
trigger section 171 being manually operated, thereby con-
trolling the feed of the liquid to the pressing bag 161 and
removal of the liquid therefrom. At this time, the reaction
force of the liquid fed to the pressing bag 161 is transmitted
to the trigger section 171. Therefore, the degree of pressing
(pressure within the pressing bag 161) can be felt by the
hand. Therefore, delicate pressing actions can be realized.
Although the structure of FIG. 24 has been described with
the pressing bag 161 in FIG. 23 taken as an example, the
structure can be similarly applied to the above-described
various pressing bags.

[0147] FIG. 25 is a modification of FIG. 24. A trigger
section of the water pistol is again provided integrally with
the ultrasonic probe and used as a power source for feeding
liquid to the pressing bag and removing the liquid therefrom.
A trigger section 181 is rotatably provided on the probe
gripping section 81. A syringe 183 is provided on the outer
circumference of the probe head. The end of a piston rod 182
is connected to a trigger section 181. The piston of a syringe
183 is inserted and removed by the trigger section 181 being
manually operated, thereby controlling the feed of liquid to
the pressing bag 161 and the removal of the liquid there-
from.

[0148] FIG. 26 is a modification of FIG. 25. In place of the
trigger section of the water pistol, a structure like the holding
section of a grip dynamometer is provided integrally with
the ultrasonic probe and used as a power source for feeding
and removing liquid from the pressing bag. A syringe 193
having a larger working area than the syringe used in FIG.
24 and FIG. 25 is provided on a side surface of the probe
gripping section 81. A gripping section 191 having a struc-
ture similar to that of the holding section of the grip
dynamometer is provided at the end of the piston rod 192.
The gripping section 191 can be pressed by hands and
fingers. The operator holds the probe gripping section 81,
and applies a gripping force of the fingers to the gripping
section 191 so as to insert and remove the piston of a syringe
193, thereby controlling the feed of liquid to the pressing
bag 161 and the removal of the liquid therefrom.

[0149] FIG. 27 is a variation example of FIG. 26. The tube
from the syringe 193 to the pressing bag 161 is omitted. A
pipe 200 incorporated in the handle of the probe that is
originally attached to the ultrasonic probe is used. In FIG.
27, a tube is provided to connect the pipe 200 at the tip
section of the ultrasonic probe and the pressing bag 161.
However, the ultrasonic probe may be configured so that the
pipe is curved within the ultrasonic probe to be connected
directly to the pressing bag 161.

[0150] FIG. 28 is a modification of FIG. 24. In place of the
water pistol 170 that can be operated by the fingers, a
foot-pedal-type power source that can be operated by a foot
is used. The foot-pedal-type power source 210 is provided
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separately from the ultrasonic probe and can be operated by
foot. This is advantageous in that both hands may be used
freely. In the foot-pedal-type power source 210, the end of
a piston rod 212 is connected to a pedal section 211. The
piston of a syringe 213 is inserted and removed by the pedal
section 211 being operated by foot, thereby controlling the
feed of liquid to the pressing bag 161 and the removal of the
liquid therefrom. At this time, the reaction force of the liquid
fed to the pressing bag 161 is transmitted to the pedal section
211. The degree of pressing (pressure within the pressing
bag 161) can be felt by the foot. Therefore, delicate pressing
actions can be realized. A stopper for preventing stepping
can be provided on the rotatable section of the pedal 211 to
prevent the pedal 211 from being excessively stepped.

[0151] Although the embodiments of FIG. 24 to FIG. 28
have been described with the pressing bag 161 taken as an
example, these embodiments can be similarly applied to the
above-described various pressing bags. Cylinder operating
sections that are fixed to the probe or are separate from the
ultrasonic probe are described in the above-described
embodiments. However, the cylinder operating section may
be configured such that it can be attached and removed in an
attachment fashion, as long as the operator can easily
operate the cylinder by use of the hand holding the ultrasonic
probe. When the hydraulic pressure measured in this way is
higher than a certain threshold, a warning of the danger and
the like may be fed back by screen display, sound, or the
like.

[0152] As described above, according to the embodi-
ments, the following effects can be achieved. Image diag-
nosis having a high repeatability can be realized without
dependence on technique. The subject can be uniformly
pressed at a wide-angle and misdiagnosis due to lack of
pressing can be prevented. The strength of the pressing can
be fed back, and a safe diagnosis can be performed.

[0153] In the intra-corporeal ultrasonic probe described
above, a pressure measuring section 21 (refer to FIG. 1) may
be configured as follows. In the pressure measuring section
21, pressure sensors are provided on the periphery of the
ultrasonic wave transmitting and receiving surface 101, as
described in FIG. 7, whereby the pressure measuring section
21 measures the pressure received by the subject 1 from the
pressing surface and outputs the pressure data. The pressure
measuring section 21 may acquire pressure data by measur-
ing the load acting on the driving mechanism of the auto-
matic pressing mechanism 22 and calculating the pressure
that the subject receives from the pressing surface, on the
basis of the load.

[0154] When the automatic pressing mechanism 22
includes the pressing bag and the tube, the pressure mea-
suring section 21 may acquire pressure data by measuring
the internal pressure within the pressing bag or the tube. An
embodiment in which the pressure measuring section 21
measures the pressure received by the skin of the subject 1
and controls the operation of the automatic pressing mecha-
nism 22 using the pressure data will be described. That is,
the pressure measuring section 21 measures the pressure
applied to the skin of the subject 1 by measuring the fluid
pressure within the pressing bag. In this way, the pressure
between the pressure place 101 and the skin of the subject
1 is measured at an arbitrary time, and the pressure data is
outputted to the automatic pressing mechanism 22 and the
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distortion and elastic modulus calculating section 23. In
other words, the automatic pressing mechanism 22 accord-
ing to the present embodiment acquires the pressure data
measured by the pressure measuring section 21 and controls
the pressing actions of the automatic pressing mechanism 22
according to the pressure data.

[0155] There will be described the case where, as shown
in FIG. 1, the automatic pressing mechanism 22 and the
pressure measuring section 21 are connected together in
order to control the operation of the automatic pressing
mechanism 22. A pressing mechanism that uses driving
power generated by the motor mechanism 41 has been
shown as an example of the above-described automatic
pressing mechanism 22. However, the motor control section
of the automatic pressing mechanism 22 may be controlled
based on the pressure data acquired by the liquid pressure
within the pressing bag being measured. The motor control
section outputs the motor control signal, based on the
measured pressure data, to the motor mechanism 41 and
controls the motor mechanism 41 so that the motor mecha-
nism 41 performs the desired pressing action.

[0156] Through the use of the automatic pressing mecha-
nism 22 as in the present embodiment, the operation of the
automatic pressing mechanism 22 can be stopped when the
pressure measuring section 21 measures a pressure higher
than a certain reference level. As a result, excessive pressure
1s not applied to the subject. In addition, when capturing the
elasticity image, there is a pressure range within which a
high-quality elasticity image can be obtained. When pres-
sure exceeding the upper limit or pressure below the lower
limit is applied, it is known that the elasticity image dete-
riorates.

[0157] Inthe automatic pressing mechanism 22 according
to the present embodiment, when the pressure measuring
section 21 measures a pressure higher than a certain thresh-
old during a certain continuous pressure increasing process,
the operation of the automatic pressing mechanism 22 can
be controlled so that the pressure increasing process is
switched to the continuous pressure decreasing process. On
the other hand, when the pressure measuring section 21
measures a pressure lower than a certain threshold, the
operation of the automatic pressing mechanism 22 can be
controlled so that the pressure decreasing process is
switched to the continuous pressure increasing process.
Through the repetition of this operation, an appropriately
pressed state can be always maintained. As a result, a
high-quality elasticity image can be efficiently acquired
during a limited imaging time.

[0158] According to the embodiment, the amount of fluid
flowing in and flowing out with one stroke of the syringe can
be adjusted freely. In addition, in the intra-corporeal ultra-
sonic probe, when the actuator changes the distance between
the probe gripping section 81 and the ultrasonic wave
transmitting and receiving surface 101, pressure can be
applied to the subject without the supporting surface coming
in contact with a surface of the subject opposite the portion
to be imaged.

[0159] Through the use of the automatic pressing mecha-
nism 22 according to the present embodiment, pressure may
be automatically applied to the subject at a desired fixed
speed in a fixed direction. Therefore, high-quality elasticity
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image data can be acquired at an arbitrary time. Further-
more, the repeatability of the pressing action can be main-
tained.

[0160] The automatic pressing mechanism according to
the present embodiment acquires information on the interval
between the pair of ultrasonic wave reception signal frame
data N and X, selected by the ultrasonic wave reception
signal frame data selecting section 19, and controls the
pressing action of the automatic pressing mechanism 22
based on the interval. Hereafter, an example of this operation
will be described.

[0161] An operation of an ultrasonic imaging device,
configured as described above, will be described. First,
under ultrasonic wave transmission and reception control,
the wave transmission circuit 12 applies a high-voltage
electrical pulse to the ultrasonic probe 10 that is brought into
contact with the surface of the body of the subject, thereby
generating the ultrasonic waves. The ultrasonic probe 10
receives the reflection echo signal from the to-be-imaged
portion. Next, the reception signal is inputted to the recep-
tion circuit 13 and pre-amplified. Then, the pre-amplified
signal is inputted to the phase adjustment/addition circuit 14.
The reception signal whose phase has been adjusted by the
phase adjustment/addition circuit 14 is subjected to signal
processing such as compression and wave detection in the
next signal processing section 15. Then, the signal is input-
ted to the black-and-white scan converter 16. In the black-
and-white scan converter 16, the reception signal is sub-
jected to an analog-to-digital conversion, and is stored in a
plurality of internal frame memories, as a plurality of
temporally consecutive tomographic data.

[0162] In order to evaluate the elasticity of a portion of
interest in the internal tissues of the subject by use of the
ultrasonic probe 10 including the automatic pressing mecha-
nism 22, the ultrasonic probe 10 is brought into contact with
the body surface of the subject, such that the subject is
pressed by the automatic pressing mechanism 22 in accor-
dance with an automatically-set, appropriate pressing
method, whereby consecutive ultrasonic wave reception
signal frame data are outputted from the phase adjustment/
addition circuit 14. The consecutive ultrasonic wave recep-
tion signal frame data outputted from the phase adjustment/
addition circuit 14 are sequentially stored in the ultrasonic
wave reception signal frame data selecting section 19. Of the
stored ultrasonic wave reception signal frame data, a plu-
rality of temporally consecutive ultrasonic wave reception
signal frame data are selected by the ultrasonic wave recep-
tion signal frame data selecting section 19, and fed to the
displacement measuring section 20. The displacement mea-
suring section 20 determines a one-dimensional or two-
dimensional displacement distribution (ALi,j). The calcula-
tion of the displacement distribution is performed by the
above-described methods for detecting motion vectors, such
as the block matching method. It goes without saying that
the above-described methods for detecting motion vectors
do not have to be used in particular. The displacement may
be calculated by the generally-used calculation of autocor-
relation in the same regions of two image data. In addition,
the information on the interval between the pair of ultrasonic
wave reception signal frame data selected by the ultrasonic
wave reception signal frame data selecting section is out-
putted to the automatic pressing mechanism 22. Based on
the interval information, the pressing action of the automatic
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pressing mechanism 22 is optimized. At the same time, the
pressure measuring section 21 measures the pressure applied
to the body surface by pressure sensors. The pressure
measuring section 21 sends the pressure information to the
distortion and elastic modulus calculating section 23 and the
automatic pressing mechanism 22. Based on the pressure
information, the pressing action of the automatic pressing
mechanism 22 is optimally controlled. As a result, elasticity
image diagnosis of a subject can be performed efliciently
and safely.

[0163] Next, the respective measurement signals of the
displacement (ALi,j) and pressure (APi,j) outputted from the
displacement measuring section 20 and the pressure mea-
suring section 21 are inputted to the distortion and elastic
modulus calculating section 23. The distortion and elastic
modulus calculating section 23 spatially differentiates (ALL,
J/AX) the displacement distribution (AL4L,j) and calculates
the distortion amount distribution (ei,j) Among the elastic
modulus, the Young’s modulus of elasticity Ymi,j is calcu-
lated by the following equation:

Ymi, j=(APij)/ (ALi j/AX)

[0164] Based on the elastic modulus Ymi,j determined in
this way, the elastic modulus at each point is determined.
Thereby, two-dimensional elasticity image data is consecu-
tively acquired.

[0165] Next, the elasticity frame data obtained in this way
is inputted to the color scan converter 25 or the black-and-
white scan converter 16 and is converted to color informa-
tion or black-and-white brightness information. Then, the
switching/adding unit 17 adds and composites the black-
and-white tomographic image and the colored elasticity
image and outputs the composite image to the image display
unit 18. Alternatively, the switching/adding unit 17 outputs
the black-and-white tomographic image and the black-and-
white elasticity image to the image display unit 18 without
adding the images. In the image display unit 18, the black-
and-white tomographic image and the colored elasticity
image are superposed and displayed on one screen. Alter-
natively, the black-and-white tomographic image and the
black-and-white elasticity image may be simultaneously
displayed on the same screed by a two-screen display. The
black-and-white tomographic image is not particularly lim-
ited to the typical B-mode image. The black-and-white
tomographic image may be a tissue harmonic tomographic
image. In the tissue harmonic tomographic image, high-
harmonic components of the reception signal are selected
and converted to images. Similarly, a tissue Doppler image
may be displayed in place of the black-and-white tomo-
graphic image. Furthermore, images to be displayed in the
two-screen display may be selected in various combinations.

[0166] With regards to the form of the elasticity image, an
example in which the distortion or Young’s modulus of
elasticity Ym of the biological tissue is obtained and the
elasticity image data is generated is described. However, the
present invention is not limited to this example. The elastic
modulus may be calculated using other parameters, such as
the stiffness parameter f, the pressure-elasticity coefficient
Ep, and the incremental elasticity coeflicient Einc (see
Patent Document 1).

[0167] The above-described embodiment can be applied
to an arbitrary intra-corporeal ultrasonic probe, such as the
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transrectal ultrasonic probe, the transesophageal ultrasonic
probe, and the endovascular ultrasonic probe.

[0168] In this way, in the ultrasonic imaging device
according to the embodiments, a high-quality elasticity
image having a high repeatability and that is not dependent
on the technician can be easily and safely acquired. In
addition, in the ultrasonic imaging device according to the
embodiments, the elasticity image can be stably extracted at
a high-resolution at an arbitrary time. Furthermore, in the
ultrasonic imaging device according to the embodiments, a
means for visually expressing, by use of a dynamic image,
a response of an examination by touch, conventionally
attempted by doctors, is realized, whereby a clinically useful
ultrasonic imaging device which enables convenient, real-
time ultrasonic diagnosis can be provided.

[0169] Preferred embodiments of the ultrasonic imaging
device according to the present invention have been
described with reference to the accompanying drawings.
However, the present invention is not limited to the above-
described embodiments. Numerous modifications and varia-
tions of the present invention are possible in light of the
spirit of the present invention, and they fall within the
technical scope of the present invention.

1. An ultrasonic probe for an ultrasonic diagnostic appa-
ratus which acquires an elasticity image while pressing a
subject, the ultrasonic probe comprising:

a pressing member provided on the ultrasonic probe and
having a contact surface which extends perpendicular
to a pressing direction and which comes into contact
with the subject; and

pressing means for pressing a to-be-imaged portion of the
subject with a predetermined pressure by moving the
contact surface in the pressing direction.

2. An ultrasonic probe according to claim 1, wherein the
pressing means is removably attached to an existing ultra-
sonic probe.

3. An ultrasonic probe according to claim 1, further
comprising pressure measuring means, wherein pressing
action of the pressing means is controlled on the basis of
information regarding pressure measured by the pressure
measuring means.

4. An ultrasonic probe according to claim 1, wherein the
pressing means includes a power source, which is a
mechanical power source.

5. An ultrasonic probe according to claim 4, further
comprising a switch for controlling drive of the power
source.

6. An ultrasonic probe according to claim 1, wherein the
pressing means includes a power source, which is a man-
power-type power source having an operation member
which can be operated by any of extremities and transmit-
ting to the pressing means a drive force corresponding to an
amount of operation by the operation member.

7. An ultrasonic probe according to claim 6, wherein the
manpower-type power source feeds the state of the subject
pressed by the pressing means back to any of the extremities
in a recognizable manner.

8. An intra-corporeal ultrasonic probe which is inserted
into a subject, comprising:
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a pressing member provided on the probe and having a
contact surface which extends parallel to an insertion
direction and which comes into contact with the sub-
ject; and

pressing means for pressing a to-be-imaged portion of the
subject with a predetermined pressure at the contact
surface in a direction perpendicular to the contact
surface.

9. An intra-corporeal ultrasonic probe according to claim
8, wherein the pressing means is removably attached to an
existing intra-corporeal ultrasonic probe.

10. An intra-corporeal ultrasonic probe according to claim
8, further comprising pressure measuring means, wherein
pressing action of the pressing means is controlled on the
basis of information regarding pressure measured by the
pressure measuring means.

11. An intra-corporeal ultrasonic probe according to claim
8, wherein the pressing means includes a power source,
which is a mechanical power source.

12. An intra-corporeal ultrasonic probe according to claim
11, further comprising a switch for controlling drive of the
power source.

13. An intra-corporeal ultrasonic probe according to claim
8, wherein the pressing means includes a power source,
which is a manpower-type power source having an operation
member which can be operated by any of extremities and
transmitting to the pressing means a drive force correspond-
ing to an amount of operation by the operation member.

14. An intra-corporeal ultrasonic probe according to claim
13, wherein the manpower-type power source feeds the state
of the subject pressed by the pressing means back to any of
the extremities in a recognizable manner.

15. An intra-corporeal ultrasonic probe according to claim
8, comprising at least one pressing bag which is inflated and
deflated by fluid pressure of a working fluid, wherein the
pressing means performs the pressing action by inflating and
deflating the pressing gab.

16. An intra-corporeal ultrasonic probe according to claim
15, wherein the pressing bag is connected to the contact
surface, and the pressing means inflates and deflates the
pressing gab so as to move the contact surface, to thereby
perform the pressing action.

17. An intra-corporeal ultrasonic probe according to claim
15, wherein the pressing bag is provided on the outer side of
the main body, and the pressing means inflates and deflates
the pressing gab so as to produce a reaction force while
using a surface of the pressing bag as a supporting surface,
to thereby perform the pressing action.

18. An intra-corporeal ultrasonic probe according to claim
15, further comprising a stopper for restricting the inflating
direction of the pressing bag.

19. An intra-corporeal ultrasonic probe according to claim
15, wherein at least a portion of the pressing bag has a
stretchability smaller than that of the remaining portion, and
the pressing bag inflates and deflates while deforming in a
predetermined direction.

20. An ultrasonic imaging device comprising:

ultrasonic wave transmitting and receiving means for
transmitting ultrasonic waves to a subject and receiving
ultrasonic waves from the subject by use of an ultra-
sonic probe including a contact surface which extends
perpendicular to a pressing direction and which comes
into contact with the subject, and pressing means for
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pressing a to-be-imaged portion of the subject with a
predetermined pressure by moving the contact surface
in the pressing direction;

ultrasonic wave transmission and reception control means
for controlling the transmission and reception of the
ultrasonic waves;

tomographic scanning means for repeatedly acquiring, at
predetermined intervals, ultrasonic wave reception sig-
nal frame data representing an image of the interior of
the subject, including a locomotive tissue, by use of a
reflection echo signal output from the ultrasonic wave
transmitting and receiving means;

signal processing means for performing signal processing
on a plurality of time-series ultrasonic wave reception
signal frame data acquired by the tomographic scan-
ning means;

black-and-white brightness information converting means
for converting the time-series tomographic frame data
from the signal processing means to black-and-white
tomographic data;

ultrasonic wave reception signal frame data selecting
means for selecting a pair of ultrasonic wave reception
signal frame data to be subjected to displacement
measurement, among the group of time-series ultra-
sonic wave reception signal frame data acquired by the
tomographic scanning means;

displacement measuring means for measuring the amount
of movement or displacement of each point on a
tomographic image, based on the pair of ultrasonic
wave reception signal frame data selected by the ultra-
sonic wave reception signal frame data selecting
means;

pressure measuring means for measuring or estimating an
internal pressure of the to-be-imaged portion of the
subject;

distortion and elastic modulus calculating means for cal-
culating a distortion and an elastic modulus at each
point on the tomographic image, based on the displace-
ment measured by the displacement measuring means
and the internal pressure measured by the pressure
measuring means, and for generating a first elasticity
frame data;

elasticity data processing means for performing signal
processing on the first elasticity frame data generated
by the distortion and elastic modulus calculating means
and for generating a second elasticity frame data;

color information converting means, or black-and-white
brightness information converting mean, for receiving
the second elasticity frame data generated by the elas-
ticity data processing means, and providing color infor-
mation, or black-and-white brightness information;

switching-adding means for receiving the black-and-
white tomographic image data from the black-and-
white brightness information converting means and the
colored elasticity image data from the color informa-
tion converting means or the black-and-white elasticity
image data from the black-and-white brightness infor-
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mation converting means and for outputting them after
adding them together or outputting them indepen-
dently; and

image displaying means for displaying the image data

from the switching-adding means.

21. An ultrasonic imaging device according to claim 20,
wherein the pressing means obtains information regarding
an interval between the pair of ultrasonic wave reception
signal frame data selected by the ultrasonic wave reception
signal frame data selecting means, and controls the pressing
action on the basis of the interval information.

22. An intra-corporeal ultrasonic imaging device com-
prising:

ultrasonic wave transmitting and receiving means for
transmitting ultrasonic waves to a subject and receiving
ultrasonic waves from the subject by use of an intra-
corporeal ultrasonic probe including a contact surface
which extends parallel to an insertion direction and
which comes into contact with the subject and pressing
means for pressing a to-be-imaged portion of the sub-
ject with a predetermined pressure at the contact sur-
face in a direction perpendicular to the contact surface;

ultrasonic wave transmission and reception control means
for controlling the transmission and reception of the
ultrasonic waves;

tomographic scanning means for repeatedly acquiring, at
predetermined intervals, ultrasonic wave reception sig-
nal frame data representing an image of the interior of
the subject, including a locomotive tissue, by use of a
reflection echo signal output from the ultrasonic wave
transmitting and receiving means;

signal processing means for performing signal processing
on a plurality of time-series ultrasonic wave reception
signal frame data acquired by the tomographic scan-
ning means;

black-and-white brightness information converting means
for converting the time-series tomographic frame data
from the signal processing means to black-and-white
tomographic data;

ultrasonic wave reception signal frame data selecting
means for selecting a pair of ultrasonic wave reception
signal frame data to be subjected to displacement
measurement, among the group of time-series ultra-
sonic wave reception signal frame data acquired by the
tomographic scanning means;
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displacement measuring means for measuring the amount
of movement or displacement of each point on a
tomographic image, based on the pair of ultrasonic
wave reception signal frame data selected by the ultra-
sonic wave reception signal frame data selecting
means;

pressure measuring means for measuring or estimating an
internal pressure of the to-be-imaged portion of the
subject;

distortion and elastic modulus calculating means for cal-
culating a distortion and an elastic modulus at each
point on the tomographic image, based on the displace-
ment measured by the displacement measuring means
and the internal pressure measured by the pressure
measuring means, and for generating a first elasticity
frame data;

elasticity data processing means for performing signal
processing on the first elasticity frame data generated
by the distortion and elastic modulus calculating means
and for generating a second elasticity frame data;

color information converting means, or black-and-white
brightness information converting mean, for receiving
the second elasticity frame data generated by the elas-
ticity data processing means, and for providing color
information, or black-and-white brightness informa-
tion;

switching-adding means for receiving the black-and-
white tomographic image data from the black-and-
white brightness information converting means and the
colored elasticity image data from the color informa-
tion converting means or the black-and-white elasticity
image data from the black-and-white brightness infor-
mation converting means and for outputting them after
adding them together or outputting them indepen-
dently; and

image displaying means for displaying the image data

from the switching-adding means.

23. An intra-corporeal ultrasonic imaging device accord-
ing to claim 22, wherein the pressing means obtains infor-
mation regarding an interval between the pair of ultrasonic
wave reception signal frame data selected by the ultrasonic
wave reception signal frame data selecting means, and
controls the pressing action on the basis of the interval
information.
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