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FIG.12
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GENERATE AN ULTRASONIC WAVE

DETECTING THE REFLECTED ULTRASONIC WAVE AND | — 82
OBTAINING THE REFLECTION INTENSITY

SPECIFYING THE POSITION OF THE TRANSDUCER AT WHICH THE REFLECTION | — 83
INTENSITY IS MAXIMUM AS THE POSITION (CENTRAL POSITION) AT WHICH
THE ULTRASONIC WAVE PASSES THE CENTER OF THE BLOOD VESSEL

MOVING THE TRANSDUCER TO THE CENTRAL POSITION AND MEASURING | — S4
THE ELASTICITY CHARACTERISTIC AT THE CENTRAL POSITION

DISPLAYING THE ELASTICITY CHARACTERISTIC | — S5
ON A CROSS-SECTIONAL VIEW OF THE BLOOD VESSEL
TAKEN LONG THE LONGER AXIS THEREOF
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ULTRASONIC DIAGNOSIS DEVICE AND
ULTRASONIC PROBE FOR USE IN
ULTRASONIC DIAGNOSIS DEVICE

RELATED APPLICATION DATA

[0001] This application is a divisional application of U.S.
application Ser. No. 12/602,839 filed on Dec. 3, 2009, which
is a §371 application of PCT JP/2008/001391 filed on Jun. 2,
2008, the contents of which are incorporated here by refer-
ence.

TECHNICAL FIELD

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and an ultrasonic probe for medical uses, and
specifically to an ultrasonic diagnostic apparatus for measur-
ing properties of a tissues of a biological body and a method
for controlling the same, a structure and a method for con-
trolling an ultrasonic probe usable for the ultrasonic diagnos-
tic apparatus, and an ultrasonic diagnostic apparatus for mea-
suring a blood vessel wall.

BACKGROUND ART

[0003] Recently, the number of the people suffering from
circulatory diseases such as myocardial infarction and cere-
bral infarction has been increasing. How to prevent and treat
such diseases is an important issue. To the onset of myocar-
dial infarction and cerebral infarction, arteriosclerosis is
deeply involved. Specifically, where atheroma is formed on a
blood vessel wall or new cells of an artery stop being gener-
ated due to any of various factors such as high blood pressure
and the like, the artery loses resilience thereof and becomes
hard and brittle. As a result, the blood vessel is occluded at the
site where the atheroma is formed, the blood vessel tissue
covering the atheroma is ruptured and the atheroma flows into
the blood vessel and occludes the artery at another site, or the
hardened site of the artery is ruptured. These cause the above-
described diseases. Therefore, it is important to provide an
early diagnosis of arteriosclerosis in order to prevent or treat
these diseases. A method or apparatus for providing a diag-
nosis of the progress level of arteriosclerosis on an early stage
is desired.

[0004] Conventionally, a diagnosis of an arteriosclerosis
lesion is provided by directly observing the inside of a blood
vessel using a vascular catheter. However, this method of
diagnosis requires the vascular catheter to be inserted into the
blood vessel and has a problem of imposing a heavy bodily
burden on a test subject. Therefore, the observation with a
vascular catheter is used on a test subject who certainly has an
arteriosclerosis lesion for the purpose of specifying the site
thereof, but is never used for a medical checkup.

[0005] Measuring alevel of cholesterol, which is a cause of
arteriosclerosis, or measuring a blood pressure level does not
impose aheavy burden on atest subject and is easy to conduct.
However, these levels do not directly indicate the progress
level of arteriosclerosis.

[0006] Providing a diagnosis of arteriosclerosis on an early
stage and administering a therapeutic drug of arteriosclerosis
to the test subject is effective to treat the arteriosclerosis.
However, once the arteriosclerosis progresses, it is consid-
ered to be difficult to completely cure the hardened artery by
a therapeutic drug although a further progress could be sup-
pressed by the drug.

Sep. 19, 2013

[0007] For these reasons, a method or apparatus for provid-
ing the progress level of arteriosclerosis on an early stage with
little burden on the test subject is desired.

[0008] As a noninvasive medical diagnostic apparatus
which does not impose a heavy burden on a test subject, an
ultrasonic diagnostic apparatus or an x-ray diagnostic appa-
ratus is conventionally used. By irradiating the body of a test
subject with an ultrasonic wave or an x-ray from outside the
body, information on the shape inside the body or information
on the time-wise change of the shape can be provided without
causing a pain to the test subject. Once the information on the
time-wise change of the shape of the measurement target
inside the body (motion information) is obtained, the infor-
mation on the properties of the measurement target can
obtained. For example, the elasticity of the blood vessel is
found based on a tiny change of the thickness of the blood
vessel, which is superimposed on a motion with a large ampli-
tude resulting from the heartbeat, namely, a distortion amount
of the blood vessel, and also based on the blood pressure
difference. Accordingly, by obtaining the motion informa-
tion, the elasticity characteristic of the blood vessel in a bio-
logical body is found and so the level of arteriosclerosis can
be directly found.

[0009] Especially, ultrasonic diagnosis realizes the mea-
surement merely by applying an ultrasonic probe to the test
subject, and so is superior to the x-ray diagnosis in that
administration of a contrast medium to the test subject is not
needed and there is no risk of exposure to the x-ray radiation.
A conventional ultrasonic diagnostic apparatus provides a
tomogram showing the structure of a test subject by convert-
ing the intensity of an echo signal into the luminance of the
corresponding pixel. The tomogram is provided on a real-
time basis and is used to diagnose the structure of the inside of
the test subject.

[0010] The recent development of electronic technologies
is rapidly improving the measurement precision of ultrasonic
diagnostic apparatuses. In accordance with this, ultrasonic
diagnostic apparatuses for measuring the tiny motions of
tissues of the biological body are now under progressive
development. Measurement of the tiny motions of the tissues
of the biological body at a high precision can provide a
detailed two-dimensional distribution of the elasticity char-
acteristic of the arterial wall.

[0011] For example, Patent Document No. 1 discloses a
technology of tracking the measurement target at a high pre-
cision by analyzing the amplitude and phase of an ultrasonic
echo signal using the constrained least squares method. This
technology is called the “phase-difference tracking method”.
This technology can measure, at a high precision, a vibration
component which is caused by the blood vessel motion and
has an amplitude of several microns and a frequency of up to
as high as several hundred hertz. It is reported that this tech-
nology makes it possible to measure the thickness change or
distortion of the blood vessel wall at a high precision on the
order of several microns.

[0012] Patent Document No. 2 discloses a technology for
scanning a plurality of scanning zones defined for a test
subject with an ultrasonic wave and measuring the elasticity
characteristic of the blood vessel in each scanning zone.
[0013] Patent Document No. 3 discloses an ultrasonic diag-
nostic apparatus which measures a characteristic of the blood
vessel which is different from the elasticity characteristic,
specifically a value representing the thickness of the carotid
artery, as an index used for determining whether or not the test
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subject has arteriosclerosis. The carotid artery is known to
include three layers of an intima, a media and an adventitia
from the inside. The ultrasonic diagnostic apparatus
described in Patent Document No. 3 measures the total thick-
ness of the intima and the media (intima-media thickness;
hereinafter, referred to as “IMT”).

[0014] The ultrasonic diagnostic apparatus described in
Patent Document No. 3 does not include means for measuring
the displacement (distortion) of the blood vessel and so can-
not measure the elasticity characteristic thereof. This ultra-
sonic diagnostic apparatus absolutely needs to have a func-
tion of providing a three-dimensional display of the blood
vessel before the IMT value is measured. The processing of
providing such a display is time-consuming and cannot avoid
increasing the cost.

[0015] Patent Documents Nos. 4 and 5 each disclose a
technology for finding a value representing the shape of the
blood vessel wall using the technology of Patent Document
No. 1 and calculating the elasticity characteristic. Patent
Document No. 6 discloses a technology for providing a three-
dimensional image of the shape of the blood vessel and find-
ing the thickness of the blood vessel wall at an arbitrary
cross-section thereof from the obtained three-dimensional
image.

[0016] Patent Document No. 1: Japanese Laid-Open Patent
Publication No. 10-5226

[0017] Patent Document No. 2: Japanese Laid-Open Patent
Publication No. 2001-292995

[0018] Patent Document No. 3: Japanese Laid-Open Patent
Publication No. 2006-000456

[0019] Patent Document No. 4: International Publication
No. 2006/011504 pamphlet

[0020] Patent Document No. 5: International Publication
No. 2006/043528 pamphlet

[0021] Patent Document No. 6: Japanese Laid-Open Patent
Publication No. 2006-456

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0022] Inorder to accurately measure the elasticity charac-
teristic of a blood vessel, accurate information on a time-wise
change of the shape of the blood vessel (motion information)
is necessary. For obtaining such information, the displace-
ment of the blood vessel needs to be measured in the state
where an acoustic line of an ultrasonic wave passes the center
of the cross-section of the blood vessel.

[0023] For example, portion (al) of FIG. 47 is a plan view
of'a probe 500 ideally located with respect to a blood vessel 3,
and portion (a2) of FIG. 47 is a cross-sectional view thereof.
The acoustic line of an ultrasonic wave which is output from
a transducer 501 provided in the probe 500 passes the center
o of the cross-section of the blood vessel 3. In this state, a
direction in which the thickness of the blood vessel 3 is
changed by the heartbeat matches the direction of the acoustic
line. Therefore, the distortion amount of the blood vessel 3
can be accurately measured. Hence, the elasticity character-
istic can be accurately measured.

[0024] However, in a conventional ultrasonic diagnostic
apparatus, attention is not especially paid to whether or not
the acoustic line of the ultrasonic wave passes the center of the
cross-section of the blood vessel. A conceivable reason for
this is that there is a premise that a user of the ultrasonic
diagnostic apparatus is skillful in operating the apparatus.
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However, it is naturally expected that the apparatus is oper-
ated by an unaccustomed user, and so it is not appropriate to
provide such a premise.

[0025] Ttis difficult for an unaccustomed user to locate the
probe such that the acoustic line of the ultrasonic wave passes
the center of the cross-section of the blood vessel. For
example, portion (b1) of FIG. 47 is a plan view of the probe
500 located at a position deviated from the center of the blood
vessel 3, and portion (b2) of FIG. 47 is a cross-sectional view
thereof. In this state, the direction in which the thickness of
the blood vessel 3 is changed does not match the direction of
the acoustic line. Therefore, the distortion amount of the
blood vessel 3 cannot be measured accurately.

[0026] Portions (a) and (b) of FIG. 48 are each a plan view
of the probe 500 located unparallel to the blood vessel 3. The
acoustic line from the transducer 501 does not always pass the
center of the cross-section of the blood vessel 3, and so the
distortion amount of the blood vessel 3 cannot be measured
accurately.

[0027] Inany of the cases of portions (b1) and (b2) of FIG.
47 and portions (a) and (b) of FIG. 48, it is difficult for,
especially, a user not accustomed to operating the apparatus
to find the center of the blood vessel manually while watching
the image. Thus, the measured elasticity characteristic is
inaccurate.

[0028] FIG. 47 shows an example in which the probe 500 is
located parallel to the blood vessel 3. However, since the
direction of the blood vessel 3 cannot be visually recognized
from outside, the probe 500 may occasionally be located
almost perpendicular to the blood vessel 3. Portion (a) and (b)
of FIG. 49 are each a plan view of the probe 500 located
unparallel to the blood vessel 3. The acoustic line from the
transducer 501 does not always pass the center of the cross-
section of the blood vessel 3, and so the distortion amount of
the blood vessel 3 cannot be measured accurately.

[0029] In addition, the blood vessel does not necessarily
extend parallel to the epidermis. In the case where the blood
vessel 3 extends in the depth direction of the body from the
epidermis, in whichever manner the probe 500 may be located
on a plane parallel to the epidermis, the acoustic line from the
transducer 501 does not always pass the center of the cross-
section of the blood vessel. As a result, the distortion amount
of the blood vessel cannot be measured accurately.

[0030] In any of the above-mentioned cases, it is difficult
for, especially, a user not accustomed to operating the appa-
ratus to find the center of the blood vessel manually while
watching the image. Thus, the measured elasticity character-
istic is inaccurate.

[0031] There are also other problems. Hereinafter, these
problems will be described with background technologies
thereof.

[0032] Portion (a) and (b) of FIG. 50 schematically show
the locations of a probe and a blood vessel 651 for analyzing
the motion of the wall of an artery blood vessel (hereinafter,
referred to simply as the “blood vessel”) using an ultrasonic
diagnostic apparatus. Portion (a) of FIG. 50 shows a cross-
section of the blood vessel wall which is parallel to an axis of
the blood vessel and includes the axis, and portion (b) of FIG.
50 shows a cross-section which is perpendicular to the axis.
As shown in these figures, the blood vessel 651 expands or
contracts in a diametric direction E in accordance with the
blood flow moving in the blood vessel and a change of the
blood pressure. Namely, as the blood vessel expands or con-
tracts, the blood vessel wall moves radially with the axis 651a



US 2013/0245448 Al

as the center. Therefore, tissues of the wall of the blood vessel
651 are each parallel to the axis 651a and move on a plane
including the axis 651a and the tissues thereof.

[0033] The expansion and contraction of the blood vessel is
caused by a motion only in a direction perpendicular to the
axis 651a of the blood vessel wall. Accordingly, when, as
shown in portion (a) of FIG. 50, ultrasonic wave beams L1 are
output for performing a scan from a plurality of transducers
611a of an ultrasonic probe 611 in a direction perpendicular
to the axis 651a along a plane including the axis 651a, the
tissues each move only on the acoustic line ofthe correspond-
ing ultrasonic beam. Accordingly, the motion of the blood
vessel wall can be analyzed by an echo signal obtained from
the corresponding ultrasonic beam. In other words, the
motion of a tissue of the blood vessel wall on an ultrasonic
beam can be found without using an echo signal obtained
from an adjacent ultrasonic beam. For example, as shown in
portion (a) of FIG. 50, a tissue at a position A1 moves to a
position A1' by the expansion of the blood vessel 651, but this
tissue is located on the same acoustic line before and after
being moved. Therefore, the motion of the tissue at the posi-
tion A1 can be analyzed using only the echo signal obtained
from the ultrasonic beam having the acoustic line passing the
position Al. Accordingly, by causing an ultrasonic beam to be
incident on the artery along a cross-section passing an axis of
the artery in a direction perpendicular to the axis and receiv-
ing an ultrasonic echo, a two-dimensional distribution of a
thickness change amount of a tissue of the blood vessel wall
can be measured, and the elasticity characteristic can be
found, with a relatively small calculation amount.

[0034] Inthe case where, as shown in portion (b) of FIG. 50,
an ultrasonic beam L1' is transmitted to a tissue at a position
A2 of the blood vessel 651 along a plane which does not pass
the axis 651a of the blood vessel, the tissue at the position A2
moves to a position A2' by the expansion of the blood vessel
651. However, the acoustic line of the ultrasonic beam L1' is
not at the position A2'. Therefore, the motion of the tissue at
the position A2 cannot be analyzed using the ultrasonic beam
L1' which does not pass the axis 651a. As understood from
this, for analyzing the motion of each tissue of the blood
vessel wall using an ultrasonic wave, it is important that the
ultrasonic beam should be output for performing a scan along
a cross-section which is parallel to the axis of the blood vessel
wall and includes the axis.

[0035] Inthe case where the motion of the blood vessel wall
is analyzed by the above-described method to find the elas-
ticity characteristic of the tissue, there is a premise that the
position of the blood vessel does not change although the
blood vessel expands or contracts. Generally, the premise that
the position of the blood vessel does not change holds true
because there are extravascular tissues around the blood ves-
sel for keeping the position of the blood vessel. However,
depending on the position of the blood vessel or the test
subject, the blood vessel may possibly be deviated sideways
to a position parallel to the axis of the blood vessel. For
example, as shown in FIG. 51, the blood vessel 651 located in
an extravascular tissue 652 may be translated as represented
with arrow D with respect to the axis 651a to a position
represented by dashed line 651'. The movement of the posi-
tion of the axis 651 by the expansion or contraction of the
blood vessel 651 is considered to occur in the case where the
extravascular tissue 652 surrounding the blood vessel 651 has
a non-uniform composition; for example, a part of the blood
vessel 651 is surrounded by fat and the remaining part thereof
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is surrounded by muscle. Such a movement is related to the
expansion or contraction of the blood vessel 651 and so
occurs at a cycle matching one cardiac cycle.

[0036] When the blood vessel 651 is deviated sideways, the
ultrasonic beam L1 output for scanning the plane passing the
axis 651a is deviated from the axis 651a as the blood vessel
moves. As a result, the tissue at the position A1 which is set on
the plane passing the axis 651a is deviated from the acoustic
line of the ultrasonic beam L1, and the motion cannot be
analyzed accurately.

[0037] Inorder to solve such a problem, it is conceivable to
analyze the blood vessel three-dimensionally (for example,
Patent Document No. 6). However, the technology described
in Patent Document No. 6 merely finds a three-dimensional
shape of the blood vessel at a certain time, and does not
analyze the motion of the blood vessel wall three-dimension-
ally.

[0038] It is theoretically possible to analyze the motion of
the blood vessel three-dimensionally. However, in order to
analyze the motion of the blood vessel three-dimensionally, a
large scale circuit is necessary and also the calculation
amount for tracing the measurement target point is tremen-
dous. Especially, the calculation amount for finding the thick-
ness change amount of, or the elasticity characteristic of, the
tissue of the biological body is significantly larger than the
calculation amount for finding the motion velocity of the
measurement target point. Therefore, it is very difficult to
perform such a large amount of calculation with a calculation
circuit used for a conventional ultrasonic diagnostic appara-
tus. If a computer having a very high calculation ability is
used for the ultrasonic diagnostic apparatus, the ultrasonic
diagnostic apparatus becomes very expensive.

[0039] An object of the present invention is to provide a
structure for adjusting the positional relationship between an
ultrasonic transducer and a blood vessel such that an acoustic
line from the ultrasonic transducer passes the center of a
cross-section of the blood vessel for measuring an elasticity
characteristic. Another object of the present invention is to
provide an ultrasonic diagnostic apparatus capable of accu-
rately measuring a thickness change amount of, or the elas-
ticity characteristic of, a tissue of a biological body using a
simple calculation circuit in consideration of a sideway devia-
tion of the blood vessel wall.

Means for Solving the Problems

[0040] An ultrasonic probe according to the present inven-
tion is connectable to an ultrasonic diagnostic apparatus and
comprises a transducer for transmitting an ultrasonic wave
and receiving the ultrasonic wave reflected by a tissue of a
biological body; and a driving device for changing a position
of the transducer. While the ultrasonic diagnostic apparatus
measures a property of a blood vessel, the driving device
changes the position of the transducer based on a control
signal from the ultrasonic diagnostic apparatus to change at
least one of a direction and a position at which the ultrasonic
wave is to be transmitted.

[0041] A movable range may be defined for the transducer;
and while the transducer is transmitting or receiving the ultra-
sonic wave, the driving device may change the position of the
transducer within the movable range.

[0042] The driving device may move the transducer in a
direction parallel to a surface of the biological body in contact
with the ultrasonic probe to change the position from which
the ultrasonic wave is to be transmitted.
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[0043] The transducer may include at least one line of ultra-
sonic transducer elements arranged in a first direction; and the
driving device may move the transducer in a second direction
which is on a plane parallel to the surface of the biological
body in contact with the ultrasonic probe and is perpendicular
to the first direction.

[0044] The transducer may include at least one line of ultra-
sonic transducer elements arranged in a first direction; and the
driving device may rotate the transducer on a plane parallel to
the surface of the biological body in contact with the ultra-
sonic probe.

[0045] The driving device may be a motor for conveying a
driving power to a rack or a wire integrally movable with the
transducer.

[0046] Thedrivingdevice may swing the transducer around
a center of swing which is a fulcrum shaft extending in a
direction parallel to a surface of the biological body in contact
with the ultrasonic probe to change an angle at which the
ultrasonic wave is to be transmitted.

[0047] The driving device may be a motor having a rotation
shaft connected to the fulcrum shaft.

[0048] The driving device may change the position of the
transducer in a plurality of directions among a first direction
parallel to the surface of the biological body, a second direc-
tion which is parallel to the surface of the biological body and
is perpendicular to the first direction, a third direction which
is perpendicular to both of the first direction and the second
direction, a first rotation direction having an axis extending
along the first direction as the center of rotation, a second
rotation direction having an axis extending along the second
direction as the center of rotation, and a third rotation direc-
tion having an axis extending along the third direction as the
center of rotation.

[0049] The driving device may include a plurality of actua-
tors each for generating a driving power for moving the trans-
ducer and a plurality of links; and the driving power generated
by the plurality of actuators may be conveyed to the trans-
ducer via the plurality of links.

[0050] The driving device may include a parallel link
mechanism.

[0051] The transducer may be set in a bag portion filled
with an acoustic coupling liquid.

[0052] An ultrasonic diagnostic apparatus according to the
present invention comprises an ultrasonic probe including a
transducer for transmitting an ultrasonic wave and receiving
the ultrasonic wave reflected by a tissue of a biological body,
and a driving device for changing a position of the transducer;
a probe control section for controlling the driving device to
change at least one of a direction and a position at which the
transducer is to transmit the ultrasonic wave; a transmission
section for causing the transducer to transmit the ultrasonic
wave a plurality of times in accordance with the position of
the transducer; a receiving section for receiving the ultrasonic
wave reflected by a blood vessel repeatedly using the trans-
ducer to generate a plurality of receiving signals; an intensity
information generation section for generating intensity infor-
mation on a distribution of an intensity of the reflected ultra-
sonic wave based on the plurality of receiving signals; and a
determination section for specifying a position of the trans-
ducer at which the intensity of the reflected ultrasonic wave is
maximum, based on the intensity information. The ultrasonic
diagnostic apparatus transmits the ultrasonic wave at the
specified position and calculates a property value of the blood
vessel.
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[0053] The intensity information generation section may
generate intensity information which represents a distribution
of an intensity of the reflected ultrasonic wave received by
each ofreceiving sections A and B discrete from each other on
the transducer; the determination section may determine
whether or not the intensity information provided by the
receiving section A and the intensity information provided by
the receiving section B represent a maximum value at the
same time; and when the intensity information provided by
the receiving section A and the intensity information provided
by the receiving section B do not represent the maximum
value at the same time, the probe control section may rotate
the transducer at a prescribed angle on a plane parallel to the
surface of the biological body.

[0054] When the intensity information provided by the
receiving section A and the intensity information provided by
the receiving section B do not represent the maximum value
at the same time, the probe control section may rotate the
transducer such that the transducer is parallel to the blood
vessel based on the position of the transducer at which the
intensity information provided by the receiving section A
represents the maximum value, the position of the transducer
at which the intensity information provided by the receiving
section B represents the maximum value, and a distance
between the receiving sections A and B.

[0055] Until the determination section determines that the
intensity information provided by the receiving section A and
the intensity information provided by the receiving section B
represent the maximum value at the same time, the probe
control section may rotate the transducer by the prescribed
angle repeatedly.

[0056] After the determination section determines that the
intensity information provided by the receiving section A and
the intensity information provided by the receiving section B
represent the maximum value at the same time, the determi-
nation section may specify the position of the transducer at
which the intensity of the reflected ultrasonic wave is maxi-
mum.

[0057] The ultrasonic diagnostic apparatus may further
comprise a control section for instructing the transmission
section and the receiving section to respectively transmit and
receive the ultrasonic wave; and a calculation section for
calculating the property value of the blood vessel based on the
ultrasonic wave received by the receiving section. When the
transducer is located at the position specified by the determi-
nation section, the control section may instruct the transmis-
sion section and the receiving section to respectively transmit
and receive the ultrasonic wave.

[0058] The ultrasonic diagnostic apparatus may further
comprise an operation section for outputting a control signal
for changing the position of the transducer. The probe control
section may change the position of the transducer based on
the control signal.

[0059] The probe control section may receive the control
signal from the operation section via a network.

[0060] Another ultrasonic diagnostic apparatus according
to the present invention comprises an ultrasonic probe for
transmitting an ultrasonic wave using a transducer including
a plurality of transducer elements arranged in a length direc-
tion thereof and receiving the ultrasonic wave reflected by a
tissue of a biological body; a transmission section for causing
the transducer to transmit an ultrasonic wave in succession
from different positions along the length direction; a receiv-
ing section for receiving the ultrasonic wave reflected by a
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blood vessel repeatedly using the transducer to generate a
plurality of receiving signals; an intensity information gen-
eration section for generating intensity information on a dis-
tribution of an intensity of the reflected ultrasonic wave based
on the plurality of receiving signals; and a determination
section for specifying a position along the length direction at
which the intensity of the reflected ultrasonic wave is maxi-
mum, based on the intensity information. The ultrasonic diag-
nostic apparatus transmits the ultrasonic wave at the specified
position and calculates a property value of the blood vessel.
[0061] The ultrasonic probe may include a driving device
for changing a position of the transducer within the ultrasonic
probe; the ultrasonic diagnostic apparatus may further
includes a probe control section for controlling the driving
device to change a position from which the transducer trans-
mits the ultrasonic wave; and a calculation section for calcu-
lating the property value of the blood vessel; and after the
calculation section measures the property value of the blood
vessel at the specified position, the probe control section may
control the driving device to move the transducer in a direc-
tion which is perpendicular to a direction in which the ultra-
sonic wave is transmitted and is also perpendicular to the
length direction.

[0062] The transmission section may cause the post-move-
ment transducer to transmit an ultrasonic wave in succession
from different positions along the length direction.

[0063] A still another ultrasonic diagnostic apparatus
according to the present invention is for performing a mea-
surement on a test subject by contacting an ultrasonic probe to
the test subject including a blood vessel wall of an artery, in
which the ultrasonic probe includes a transducer having a
plurality of transducer elements arranged one-dimensionally
and the transducer is movable within the ultrasonic probe in a
direction perpendicular to the direction in which the trans-
ducer elements are arranged, and comprises a transmission
section for driving the transducer of the ultrasonic probe to
transmit first and second transmission waves to a measure-
ment area of the test subject, the measurement area including
the blood vessel wall of the artery; a probe control section for
controlling a position of the transducer in the direction per-
pendicular to the direction in which the transducer elements
are arranged; a receiving section for receiving, using the
ultrasonic probe, reflected waves respectively obtained by the
first and second transmission waves being reflected by the test
subject to generate first and second receiving signals; a mea-
surement position determination section for controlling the
probe control section to measure an intensity of the first
receiving signal while changing the position of the transducer
at each cardiac cycle, estimating a position change of an axis
of the artery during one cardiac cycle based on the intensity,
and controlling the probe control section such that the posi-
tion of the transducer changes so as to match the estimated
position change; and a calculation section for calculating a
shape value of the test subject based on the second receiving
signal which is obtained by changing the position of the
transducer so as to match the estimated position change.
[0064] The transmission section may sequentially drive the
plurality of transducer elements to transmit one frame of the
second receiving signal repeatedly for a plurality of frames in
each cardiac cycle each time the measurement area is scanned
by the second transmission wave, and transmit the first trans-
mission wave in each frame.

[0065] The measurement position determination section
may determine a position of the transducer at which the first
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receiving signal has a maximum value in each frame, and
control the probe control section such that the position of the
transducer changes to match the determined position.

[0066] The ultrasonic diagnostic apparatus may further
comprise a tomogram generation section for generating a
signal for B mode image based on amplitude information on
the first receiving signal.

Effects of the Invention

[0067] According to the present invention, while a property
of'a blood vessel is measured, the driving device of the ultra-
sonic diagnostic apparatus moves the transducer based on a
control signal from the ultrasonic diagnostic apparatus to
change at least one of a direction and a position at which the
ultrasonic wave is to be transmitted. The determination sec-
tion of the ultrasonic diagnostic apparatus specifies a position
of'the transducer at which the reflection intensity is maximum
based on the intensity information representing the intensity
of the reflected wave. Owing to this, the positional relation-
ship between the ultrasonic diagnostic apparatus and the
blood vessel can be adjusted such that the acoustic line from
the ultrasonic transducer passes the center of the cross-sec-
tion of the blood vessel for measuring the elasticity charac-
teristic. By calculating the elasticity characteristic of the
blood vessel at that position, the elasticity characteristic of the
blood vessel can be obtained accurately.

[0068] Also according to the present invention, the mea-
surement position determination section controls the probe
control section to measure the intensity of the first receiving
signal while changing the position of the transducer at each
cardiac cycle. Based on the measured intensity, the measure-
ment position determination section also estimates the posi-
tion change of the axis of the blood vessel during one cardiac
cycle and controls the probe control section such that the
position of the transducer changes so as to match the esti-
mated position change. Therefore, even where the blood ves-
sel is translated in parallel to the axis thereof, generation of a
measurement error caused by the movement of the blood
vessel can be suppressed with a relatively simple circuit con-
figuration with no need to analyze the movement of the blood
vessel three-dimensionally, and an accurate elasticity charac-
teristic can be found.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] [FIG. 1] A block diagram showing a structure for
measuring an elasticity characteristic of a blood vessel 3
using an ultrasonic diagnostic apparatus 11.

[0070] [FIG. 2] A diagram showing an ultrasonic trans-
ducer element group 30 built in an ultrasonic probe 13.
[0071] [FIG.3](al)and (bl)schematically show a focused
ultrasonic wave when a focal point is formed using a plurality
of ultrasonic transducer elements arranged in an x direction,
and (a2) and (b2) are simplified views of the focused ultra-
sonic wave.

[0072] [FIG. 4] A diagram schematically showing an ultra-
sonic beam propagating in a tissue of a biological body.
[0073] [FIG.5] A block diagram showing an internal struc-
ture of the ultrasonic diagnostic apparatus 11.

[0074] [FIG. 6] A block diagram showing an internal struc-
ture of a calculation section 19.

[0075] [FIG. 7] A schematic view of a blood vessel wall 40
and an ROI 41 displayed on a display section 21.
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[0076] [FIG. 8] A diagram showing an elasticity character-
istic of an area of the blood vessel wall 40 defined by the ROI
41.

[0077] [FIG.9] A diagram showing the transducer 30 mov-
ing within the ultrasonic probe 13 while generating an ultra-
sonic wave.

[0078] [FIG.10] A diagram showing a reflection intensity
of a reflected ultrasonic wave provided by an intensity infor-
mation generation section 23 while the transducer 30 moves.
[0079] [FIG. 11] (a) and (b) are respectively an isometric
view and a plan view showing a physical structure of the
ultrasonic probe 13 in Embodiment 1.

[0080] [FIG. 12] A flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
Embodiment 1.

[0081] [FIG.13](a)and (b) respectively show examples of
a structure of the ultrasonic probe 13 for moving a case 50 like
a pendulum with points Ka and Kb used as a fulcrum.
[0082] [FIG. 14] A diagram showing a transducer 35 as a
modification of the transducer 30.

[0083] [FIG. 15] A diagram showing the relationship
between a moving distance y of the transducer 35 in a y-axis
direction and a difference T between a reflection intensity
detected by an ultrasonic transducer element group 35a and a
reflection intensity detected by an ultrasonic transducer ele-
ment group 355.

[0084] [FIG. 16] A diagram showing an example in which
the transducer 30 is not located parallel to the blood vessel 3.
[0085] [FIG. 17] A diagram showing waveforms of
reflected waves detected by receiving sections A and B.
[0086] [FIG. 18] A diagram showing an example in which
the transducer 30 is located parallel to the blood vessel 3 as a
result of rotating the transducer 30.

[0087] [FIG. 19] A diagram showing waveforms of reflec-
tion intensities detected by the receiving sections A and B,
both of which have a maximum value at yo.

[0088] [FIG.20] (a)and (b) show a physical structure of the
ultrasonic probe 13 in Embodiment 2.

[0089] [FIG. 21] A flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
Embodiment 2.

[0090] [FIG. 22] (a) through (d) respectively show
examples of transducers 30a through 304 having the receiv-
ing sections A and B with different shapes at different loca-
tions.

[0091] [FIG.23] (a)and (b) show a multi-axis operation of
the transducer 30 and a structure of the ultrasonic probe 13.
[0092] [FIG. 24] A diagram showing a specific example of
a structure of the ultrasonic probe 13.

[0093] [FIG. 25] A diagram showing a specific example of
a structure of the ultrasonic probe 13.

[0094] [FIG. 26] A diagram showing a specific example of
a structure of the ultrasonic probe 13.

[0095] [FIG. 27] A diagram showing the transducer 30
performing a scan in the x-axis direction while generating an
ultrasonic wave.

[0096] [FIG. 28] A diagram showing a reflection intensity
distribution of a reflected ultrasonic wave generated by an
intensity information generation section 23 as a result of
performing a scan in the x-axis direction with an ultrasonic
wave.
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[0097] [FIG. 29] A flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
Embodiment 3.

[0098] [FIG. 30] (a) and (b) respectively show an example
of a structure of the ultrasonic probe 13 for swinging the case
50 like a pendulum with a relatively upper point K in the case
50 used as a fulcrum, and (¢) shows a specific structure of the
ultrasonic probe 13.

[0099] [FIG. 31] A diagram showing a reflection intensity
distribution of a reflected ultrasonic wave generated by the
intensity information generation section 23 when an ultra-
sonic wave is transmitted while the angle of the ultrasonic
probe 13 is changed so as to gradually increase from O
degrees.

[0100] [FIG. 32] A diagram showing the relationship
between an angle of the transducer 35 and a difference T
between the reflection intensity detected by the ultrasonic
transducer element group 35a¢ and the reflection intensity
detected by the ultrasonic transducer element group 355.
[0101] [FIG. 33] A flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
Embodiment 4.

[0102] [FIG. 34] A block diagram showing an ultrasonic
diagnostic apparatus 401 in Embodiment 5.

[0103] [FIG.35] (a)and (b) schematically show a structure
of an ultrasonic probe used in Embodiment 5.

[0104] [FIG.36] (a)isaschematic view illustrating a move-
ment of the blood vessel and a movement of a transducer
311a, and (b) is a schematic view showing a reflection inten-
sity distribution of an ultrasonic wave in a cross-section per-
pendicular to an axis of the blood vessel.

[0105] [FIG. 37] A flowchart showing an operation of the
ultrasonic diagnostic apparatus 401 in Embodiment 5.
[0106] [FIG. 38] (a) shows positions of the transducer for a
measurement performed to estimate a position change of the
blood vessel, (b) shows positions to which the transducer is
moved so as to match the estimated position change of the
blood vessel, and (c) shows timings to transmit an ultrasonic
wave for finding a shape value and a property value of the
blood vessel.

[0107] [FIG. 39] A diagram showing results of measuring
an intensity of a reflected wave while the position of the
transducer is changed at each cardiac cycle.

[0108] [FIG.40]A diagram illustrating measurement target
positions set on an acoustic line of a second transmission
wave.

[0109] [FIG. 41] A diagram showing the relationship
among the measurement target position, the target tissue and
the elasticity characteristic.

[0110] [FIG. 42] A diagram showing an example of an
image displayed on a display section of the ultrasonic diag-
nostic apparatus 401 in Embodiment 5.

[0111] [FIG. 43] A block diagram showing an ultrasonic
diagnostic apparatus 402 in Embodiment 6.

[0112] [FIG. 44] A diagram illustrating a method for trac-
ing the movement of the blood vessel in Embodiment 6.
[0113] [FIG. 45] A diagram showing timings to transmit an
ultrasonic wave in Embodiment 6.

[0114] [FIG. 46] A flowchart showing an operation of the
ultrasonic diagnostic apparatus 402 in Embodiment 6.
[0115] [FIG. 47] (al) and (a2) are respectively a plan view
and a cross-sectional view of a probe 500 ideally located with
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respect to the blood vessel 3, and (b1) and (b2) are respec-
tively a plan view and a cross-sectional view of a probe 100
located at a position deviated from the center of the blood
vessel 3.

[0116] [FIG. 48] (a) and (b) are each a plan view of the
probe 500 located not parallel to the blood vessel 3.

[0117] [FIG. 49] (a) and (b) are each a plan view of the
probe 500 located not parallel to the blood vessel 3.

[0118] [FIG. 50] (a) and (b) illustrate the positional rela-
tionship between the blood vessel and a probe for performing
a measurement on the blood vessel.

[0119] [FIG. 51] A diagram illustrating a translational
movement to a position parallel to the axis of the blood vessel.

DESCRIPTION OF THE REFERENCE

NUMERALS
[0120] 1 Extravascular tissue
[0121] 2 Body surface
[0122] 3 Blood vessel
[0123] 4 Blood vessel front wall
[0124] 5 Blood
[0125] 11 Ultrasonic diagnostic apparatus
[0126] 12 Sphygmomanometer
[0127] 13 Ultrasonic probe
[0128] 14 Transmission section
[0129] 15 Receiving section
[0130] 16 Delay time control section
[0131] 17 Phase detection section
[0132] 18 Filtering section
[0133] 19 Calculation section
[0134] 20 Calculation data storage section
[0135] 21 Display section
[0136] 22 Electrocardiograph
[0137] 23 Intensity information generation section
[0138] 24 Central position determination section
[0139] 25 Probe control section
[0140] 26 Control section
[0141] 30, 35 Transducer
[0142] 31 Shape measurement value calculation section
[0143] 32 Property value calculation section
[0144] 40 Blood vessel wall
[0145] 41 ROI
[0146] 50 Case
[0147] 110, 112 Rack
[0148] 111, 113 Motor
[0149] 121 Link
[0150] 122 Joint
[0151] 123 Actuator
[0152] 124 Movable base
[0153] 125 Base section
[0154] 130 Bag portion
[0155] 131 Acoustic coupling liquid
[0156] 132 Window section
[0157] 133 Operation point section

BEST MODE FOR CARRYING OUT THE
INVENTION

[0158] Hereinafter, embodiments of an ultrasonic diagnos-
tic apparatus according to the present invention will be
described with reference to the attached drawings.

[0159] FIG. 1 is a block diagram showing a structure for
measuring the elasticity characteristic of the blood vessel 3
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using an ultrasonic diagnostic apparatus 11. This structure is
common among the embodiments.

[0160] An ultrasonic probe 13 is supported so as to be in
close contact with a body surface 2 of a test subject and
transmits an ultrasonic wave (acoustic line) to the inside of'a
tissue of a biological body, which encompasses an extravas-
cular tissue 1 and a blood vessel 3, using one or a plurality of
ultrasonic transducers. The extravascular tissue 1 is formed of
fat, muscle or the like. The transmitted ultrasonic wave is
reflected or scattered by the blood vessel 3 or blood 5, and a
part thereof returns to the ultrasonic probe 13 and is received
as an echo.

[0161] The ultrasonic probe 13 has a plurality ultrasonic
transducer elements (ultrasonic transducer element group)
arranged in an array built therein. Distinctive structures and
operations of the ultrasonic probe 13 according to the present
invention will be described in the following embodiments. In
this section, a basic operation principle of the ultrasonic probe
13 will be described.

[0162] FIG. 2 shows an ultrasonic transducer element
group built in the ultrasonic probe 13. The ultrasonic trans-
ducer elements of the ultrasonic transducer element group 30
are, for example, arranged in one direction and form a so-
called 1D array transducer. Hereinafter, a unit having the
ultrasonic transducer group 30 will be referred to as the
“transducer 30”.

[0163] The transducer 30 is formed of, for example, a
piezoelectric element. An ultrasonic wave is transmitted by
driving the piezoelectric element, and the piezoelectric ele-
ment which has received an ultrasonic wave converts the
ultrasonic wave into an electric signal. The transducer 30 can
sequentially swing the ultrasonic transducer elements to
transmit and receive an ultrasonic wave and thus scan a pre-
scribed range. The transducer 30 can also cause phases of the
ultrasonic waves from the plurality of ultrasonic transducer
elements to overlap one another at a prescribed position (posi-
tion of a focal point) and receive a signal reflected at the
position of the focal point. An example of the latter function
is shown in FIG. 3.

[0164] Portions (al) and (b1) of FIG. 3 each schematically
show a focused ultrasonic wave when a focal point is formed
using a plurality of ultrasonic transducer elements arranged in
an x direction. The focused ultrasonic wave has a prescribed
width as shown here and has a focal point at a prescribed
depth in a z-axis direction.

[0165] Inthis specification, the figures may be occasionally
simplified. For example, the focused ultrasonic wave shown
in portion (al) of FIG. 3 may be represented by only a central
axis of an ultrasonic beam, which is represented as an “acous-
ticline” in portion (a2) of FIG. 3. The focused ultrasonic wave
shown in portion (b1) of FIG. 3 may be represented by only a
central axis of an ultrasonic beam, which is represented as an
“acoustic line” in portion (b2) of FIG. 3.

[0166] FIG. 4 schematically shows an ultrasonic beam
propagating in a tissue of a biological body. An ultrasonic
wave which is output from the ultrasonic probe 13 progresses
in the z-axis direction as an ultrasonic beam 67 having a
certain finite width and propagates in the extravascular tissue
1 and the blood vessel 3, which are tissues of the biological
body. During the propagation, the ultrasonic wave is reflected
or scattered by the extravascular tissue 1 and the blood vessel
3. A part thereof returns to the ultrasonic probe 13 and is
received as a reflected ultrasonic wave. The reflected ultra-
sonic wave is detected as a time-series signal. A time-series
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signal obtained as a result of the reflection by a tissue closer
to the ultrasonic probe 13 is located closer to the origin of a
time axis. The width of the ultrasonic beam 67 (beam diam-
eter) can be controlled by changing the delay time.

[0167] As described above, the reflected ultrasonic wave is
generated by the estravascular tissue 1, the blood vessel and
the blood 5. A plurality of measurement target positions P,
(P, P5, P5, Py, ... P;nis anatural number of 3 or greater) on
ablood vessel front wall, which are located on an acoustic line
66, are arranged at a certain interval and sequentially num-
bered as P, P,, P;, P,, . . . P, from the one closest to the
ultrasonic probe 13. It is assumed that a coordinate axis in
which a top portion of FIG. 4 has positive values and a bottom
portion of FIG. 4 has negative values is provided in a depth
direction, and the measurement target positions P, P,, P5, P,
... P, respectively have coordinates Z,, Z,, Z5, Z;, . . . Z,,.
With this assumption, an ultrasonic wave reflected at the
measurement target position P, is located at t,=27,/c on the
time axis. Herein, ¢ represents the sonic velocity of the ultra-
sonic wave in the tissue of the biological body. The reflected
wave signal (time-series signal) is used as information repre-
senting the state at the measurement target position.

[0168] The ultrasonic diagnostic apparatus 11 transmits an
ultrasonic wave to the blood vessel 3 and obtains a reflected
wave signal before measuring the properties of the blood
vessel 3 such as the elasticity characteristic or distortion of the
blood vessel. Then, the ultrasonic diagnostic apparatus 11
adjusts the positional relationship between the ultrasonic
probe 13 or the transducer 30 and the blood vessel 3 by a
method described later in Embodiment 1 or 2, such that an
ultrasonic wave (acoustic line) transmitted from the trans-
ducer 30 of the ultrasonic probe 13 passes the center of a
cross-section of the blood vessel 3.

[0169] When the adjustment of the positional relationship
is completed, the ultrasonic diagnostic apparatus 11 transmits
an ultrasonic wave again to the inside of the tissue of the
biological body to perform analyses and calculations on a
receiving signal by the received echo. The ultrasonic diag-
nostic apparatus 11 uses, for example, the method disclosed
in Patent Document No. 1 to determine a position of the target
at an instant by the constrained least squares method using
both the amplitude and the phase of the detection signal, and
performs highly precise (the measuring error of the position
change amount is about +0.2 microns) phase tracking. Owing
to this, the ultrasonic diagnostic apparatus 11 can obtain the
motion information on the extravascular tissue 1 or the blood
vessel 3 by measuring, for example, the time-wise change of
the position and thickness of a tiny site of a wall of the blood
vessel 3 at a sufficient precision.

[0170] The ultrasonic diagnostic apparatus 11 is connected
to a sphygmomanometer 12. Information on a blood pressure
of the test subject obtained by the sphygmomanometer 12 is
input to the ultrasonic diagnostic apparatus 11. Using the
information on the blood pressure obtained by the sphygmo-
manometer 12, the elasticity characteristic of the tiny site of
the wall of the blood vessel 3 can be found.

[0171] The ultrasonic diagnostic apparatus 11 is also con-
nected to an electrocardiograph 22. The ultrasonic diagnostic
apparatus 11 receives an electrocardiographic waveform
from the electrocardiograph 22 and uses the electrocardio-
graphic waveform as a trigger signal for obtaining measure-
ment data or determining the timing to reset data.

[0172] In the following embodiments, examples of finding
the elasticity characteristic of the blood vessel using the ultra-
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sonic diagnostic apparatus will be described, but the ultra-
sonic diagnostic apparatus can measure properties other than
the elasticity characteristic of the blood vessel, for example,
the distortion of the blood vessel and the like.

Embodiment 1

[0173] Hereinafter, an ultrasonic diagnostic apparatus in
Embodiment 1 according to the present invention will be
described.

[0174] FIG. 5is a block diagram showing an internal struc-
ture of the ultrasonic diagnostic apparatus 11 in this embodi-
ment.

[0175] The ultrasonic diagnostic apparatus 11 includes a
transmission section 14, a receiving section 15, a delay time
control section 16, a phase detection section 17, a filtering
section 18, a calculation section 19, a calculation data storage
section 20, a display section 21, an intensity information
generation section 23, a central position determination sec-
tion 24, and a probe control section 25. The ultrasonic diag-
nostic apparatus 11 also includes a control section 26 formed
of'a microcomputer or the like in order to control these ele-
ments.

[0176] Among the elements of the ultrasonic diagnostic
apparatus 11, the intensity information generation section 23,
the central position determination section 24, and the probe
control section 25 are provided mainly in order to adjust the
positional relationship between the transducer 30 and the
blood vessel such that an ultrasonic wave passes the center of
the cross-section of the blood vessel. By contrast, the phase
detection section 17, the filtering section 18, the calculation
section 19, the calculation data storage section 20, and the
display section 21 are provided mainly in order to measure the
elasticity characteristic of the blood vessel 3 and display the
measurement results. The transmission section 14, the receiv-
ing section 15, the delay time control section 16, and the
control section 26 are operated both for adjusting the posi-
tional relationship between the transducer 30 and the blood
vessel and for measuring the elasticity characteristic of the
blood vessel.

[0177] The ultrasonic diagnostic apparatus 11 shown in
FIG. 5 does not include the ultrasonic probe 13. However, the
ultrasonic probe 13 may be regarded as an element of the
ultrasonic diagnostic apparatus 11 because the ultrasonic
probe 13 is indispensable for the operation of the ultrasonic
diagnostic apparatus 11.

[0178] Hereinafter, a function of each element of the ultra-
sonic diagnostic apparatus 11 will be described.

[0179] The transmission section 14 generates a prescribed
driving pulse signal and outputs the driving pulse signal to the
ultrasonic probe 13. A transmission ultrasonic wave transmit-
ted from the ultrasonic probe 13 by the driving pulse signal is
reflected or scattered by a tissue of the biological body such as
the blood vessel 3 or the like, and the generated reflected
ultrasonic wave is detected by the ultrasonic probe 13. A
frequency of the driving pulse for generating the ultrasonic
wave is determined in consideration of the depth of the mea-
surement target and the sonic velocity of the ultrasonic wave,
such that the ultrasonic pulses adjacent to each other on the
time axis do not overlap.

[0180] The receiving section 15 detects the reflected ultra-
sonic wave using the ultrasonic probe 13, and amplifies the
signal obtained by the detection to generate a receiving sig-
nal. The receiving section 15 includes an A/D conversion
section and thus converts the receiving signal into a digital
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signal. The transmission section 14 and the receiving section
15 are both structured using an electronic component or the
like.

[0181] Thedelay time control section 16 is connected to the
transmission section 14 and the receiving section 15, and
controls a delay time of the driving pulse signal, whichis to be
transmitted from the transmission section 14 to the ultrasonic
vibration element group of the ultrasonic probe 13. Owing to
this, the direction of the acoustic line and the depth of the
focal point of the ultrasonic beam of the transmission ultra-
sonic wave transmitted from the ultrasonic probe 13 are
changed. The delay time control section 16 also controls a
delay time of the receiving signal received by the ultrasonic
probe 13 and generated by the receiving section 15 and thus
can change the aperture diameter or the position of the focal
point. The output from the delay time control section 16 is
input to the phase detection section 17.

[0182] The phase detection section 17 detects a phase of the
receiving signal delay-time-controlled by the delay time con-
trol section 16, and separates the receiving signal into a real
part signal and an imaginary part signal. The separated real
part signal and imaginary part signal are input to the filtering
section 18. The filtering section 18 removes a high frequency
component, a reflection component from a site other than the
measurement target, a noise component and the like. The
phase detection section 17 and the filtering section 18 may be
structured either by software or hardware. As a result of the
above, a phase detection signal corresponding to each of the
plurality of measurement target positions set inside the tissue
of the blood vessel 3 and including a real part signal and an
imaginary part signal is generated.

[0183] The calculation section 19 performs various calcu-
lations. FIG. 6 shows a functional block for realizing calcu-
lation processing of the calculation section 19. The calcula-
tion section 19 includes a shape measurement value
calculation section 31 and a property value calculation sec-
tion 32. An electrocardiographic waveform obtained from the
electrocardiograph 22 is input to the calculation section 19
and used as a trigger signal for obtaining measurement data or
determining the timing to reset data. In the case where the
electrocardiograph 22 is used only for this purpose, the elec-
trocardiograph 22 may be replaced with another biological
signal detection means, i.e., a phonocardiograph or a sphyg-
mograph, and a phonocardiographic waveform or a sphyg-
mographic waveform may be used as a trigger signal instead
of the electrocardiographic waveform.

[0184] The shape measurement value calculation section
31 finds a position change amount (time-wise change amount
ofthe position) of each of the plurality of measurement target
positions set inside the tissue of the blood vessel 3, using the
real part signal and the imaginary part signal of the phase
detection signal. The position change amount may also be
found by finding the motion velocity of each measurement
target position (tracking position) and integrating the motion
velocity. By finding a difference between the position change
amounts of any two positions selected from the plurality of
position change amounts, a change amount of the thickness
between the two points can be found. In the case where initial
values of the two positions or an initial value of the difference
between the position change amounts of the two points is
given, the thickness between the two points can be found.
[0185] The two points which define the thickness or the
thickness change amount do not need to match the measure-
ment target positions set inside the tissue of the blood vessel
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3. For example, a central position of the plurality of measure-
ment target positions may be used. In this case, it is preferable
to use an average of the position change amounts of the
plurality of measurement target positions, the central position
thereof has been found. In the case where a plurality of
measurement target positions are used, the position represen-
tative of the plurality of measurement target positions and the
position change amount thereof may be found by simply
finding an average thereof or by performing weighting. It is
acceptable to find two positions and the position change
amounts thereof based on the plurality of measurement target
positions.

[0186] The property value calculation section 32 calculates
a maximum thickness change amount from a difference
between a maximum value and a minimum value of the found
thickness change amount, and finds the elasticity character-
istic of the tissue located between the two points from the
maximum thickness change amount and the blood pressure
data obtained by the sphygmomanometer 12.

[0187] Specifically, the property value calculation section
32 uses a thickness Hk of a target tissue Tk (the value at the
minimum blood pressure), a difference Ahk between the
maximum value and the minimum value of a thickness
change amount Dk(t) of the target tissue, and a pulse pressure
Ap as a difference between a minimum blood pressure and a
maximum blood pressure to represent an elasticity character-
istic Ek, which shows the stiffness of the blood vessel in the
target tissue Tk, by the following expression. Ek is occasion-
ally referred to as the “elasticity” or the “elasticity coeffi-
cient”.

Ek=Ap/(AhK/HF)

[0188] The elasticity characteristic of one point interposed
between any two points may be found. It should be noted that
because the ultrasonic probe 13 used in this embodiment
includes a plurality of ultrasonic transducer elements
arranged in an array, it is possible to find the elasticity char-
acteristic of all the sites in an arbitrary area of the cross-
section.

[0189] The property value calculation section 32 is not
provided only for finding the elasticity characteristic, and
may find, for example, a distortion as one of the properties of
the blood vessel by calculating Ahk/H.

[0190] Referring to FIG. § again, the display section 21
maps the found maximum thickness change amount, distor-
tion or elasticity characteristic of the tissue of the biological
body and displays a spatial distribution image of each cardiac
cycle, which represents a spatial distribution of the shape
measurement value or the property measurement value. The
spatial distribution image may be one-dimensional, two-di-
mensional or three-dimensional. In the case where the spatial
distribution image is displayed with a color or a gradation
level corresponding to the shape measurement value or the
property measurement value, the measurement results are
easy to understand.

[0191] In this case, an operator can determine an area for
which the shape measurement value or the property measure-
ment value is to be found, by specifying such an area on the
display section 21. This area is referred to as an “ROI” (abbre-
viation of Region Of Interest). An ROl is displayed for allow-
ing the operator to specify an area for which the measurement
value is to be found. The operator can freely set such an area
via an interface section (not shown) of the ultrasonic diag-
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nostic apparatus 11 while checking the size or position of
such an area on the display section 21.

[0192] FIG. 7 schematically shows a blood vessel wall 40
and an ROI 41 shown on the display section 21. An area
defined by the ROI 41 includes tissues other than the blood
vessel wall 40. An image of the blood vessel wall 40 is
obtained by, for example, modulating the receiving signal at a
luminance corresponding to the amplitude intensity, aside
from the above-described calculation. FIG. 8 shows the elas-
ticity characteristic of the area in the blood vessel 41 defined
by the ROI 41. In the area defined by the ROI 41, for example,
image data f(k),, to f(k),; mapped in 6 rowsx5 columns is
arranged. Image data f(k),, to f(k)s5 form a spatial distribu-
tion image Fk. As described above, the image data f(k),; to
(k)45 is a shape measurement value representing the maxi-
mum thickness change amount or the like of the tissue of the
biological body or a property value representing the distor-
tion, the elasticity characteristic or the like.

[0193] The data on the position change amount, the thick-
ness change amount, the elasticity characteristic or the like
calculated by the calculation section 19 is stored in the cal-
culation data storage section 20 shown in FIG. 5 and can be
read at any time. The data on the position change amount, the
thickness change amount, the elasticity characteristic or the
like calculated by the calculation section 19 is input to the
display section 21 and can be visualized as a two-dimensional
image. In addition, by connecting the display section 21 and
the calculation data storage section 20 to each other, any of
various stored data can be displayed by the display section 21
atany time. It is preferable that the various data calculated by
the calculation section 19 is output to the display section 21
and also to the storage section 20, so that the data is stored for
later use while being displayed in real time. Alternatively, the
data calculated by the calculation section 19 may be output to
either one of'the display section 21 and the storage section 20.

[0194] The intensity information generation section 23
measures an intensity (reflection intensity) of the reflected
wave based on the amplitude of the receiving signal delay-
time-controlled by the delay time control section 16, and
generates intensity information representing a distribution of
the reflection intensity. As described later, in this embodi-
ment, an X axis of the transducer 30 (for example, FIG. 4) and
an axis of the blood vessel 3 along a direction in which the
blood vessel 3 extends (hereinafter, such an axis of the blood
vessel 3 will be referred to as the “longer axis™) are located
substantially parallel to each other. In this state, the trans-
ducer 30 moves within the ultrasonic probe 13 while gener-
ating an ultrasonic wave. The direction in which the trans-
ducer 30 moves is perpendicular to the X axis on a plane
parallel to the body surface 2. The intensity information gen-
eration section 23 measures the reflection intensity obtained
as the transducer 30 moves and generates the intensity infor-
mation.

[0195] The central position determination section 24 speci-
fies a position of the transducer 30 in the ultrasonic probe 13
at which the maximum reflection intensity is obtained, based
on the intensity information.

[0196] The probe control section 25 outputs a control signal
for controlling the movement of the transducer 30 within the
ultrasonic probe 13. For example, the probe control section 25
controls the start and finish of the movement, the moving
direction and the moving velocity of the transducer 30 based
on an instruction from the control section 26. The probe
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control section 25 also moves the transducer 30 to a position
specified by the central position determination section 24.

[0197] Hereinafter, with reference to FIG. 9 and FIG. 10, a
principle of processing of adjusting the positional relation-
ship between the transducer 30 and the blood vessel 3 will be
described. This processing causes an ultrasonic wave (acous-
tic line) transmitted from the transducer 30 to pass the center
of the cross-section of the blood vessel, and so allows the
elasticity characteristic of the blood vessel 3 to be accurately
measured.

[0198] In this embodiment, the x axis of the transducer 30
(for example, FIG. 4) and the longer axis of the blood vessel
3 are located substantially parallel to each other.

[0199] FIG. 9 shows the transducer 30 moving within the
ultrasonic probe 13 while generating an ultrasonic wave. The
transducer 30 is accommodated in a case 50, and the trans-
ducer 30 and the case 50 move in a y-axis direction shown
here. A movable range of the transducer 30 and the case 50 is
represented with “D”. While the transducer 30 and the case 50
are moving, the position of the ultrasonic probe 13 is fixed.

[0200] Based on a control signal from the probe control
section 25, the transducer 30 starts transmitting an ultrasonic
wave in the z-axis direction at the position of the left end of
the movable range D and moves in the y-axis direction while
transmitting the ultrasonic wave. When reaching the right end
of the movable range D, the transducer stops transmitting the
ultrasonic wave. It is not necessary that the transmission of
the ultrasonic wave and the movement in the y-axis direction
are performed at the same time. It is acceptable that the
transducer 30 moves in the y-axis direction, stops and trans-
mits the ultrasonic wave at that position, and then moves
again in the y-axis direction.

[0201] FIG. 10 shows a distribution of the reflection inten-
sity of the reflected ultrasonic wave generated by the intensity
information generation section 23 as the transducer 30
moves. The horizontal axis represents the position of the
transducer 30, and the vertical axis represents the reflection
intensity. When a reflection intensity in the movable range D
is obtained, the central position determination section 24
specifies a position yo of the transducer 30 at which the
maximum reflection intensity Rmax is obtained.

[0202] The position yo specified by the central position
determination section 24 corresponds to the position at which
the transmission ultrasonic wave passes the center of the
cross-section of the blood vessel 3. The reason for this is as
follows. As the position passed by the transmission wave is
farther from the center of the cross-section, the angle at which
the transmission wave is reflected by an outer wall and an
inner wall of the blood vessel 3 is closer to 90 degrees with
respect to the direction of incidence and therefore the
detected intensity of the reflected wave from the blood vessel
3 is lower. By contrast, as the position passed by the trans-
mission ultrasonic wave is closer to the center o of the cross-
section, the angle at which the ultrasonic wave is reflected by
the outer wall and the inner wall of the blood vessel 3 is closer
to the direction of incidence and therefore the detected inten-
sity of the reflected wave from the blood vessel 3 is higher.
When the transmission ultrasonic wave passes the center o of
the cross-section, the direction of incidence and the direction
of reflection of the ultrasonic wave match each other at the
outer wall and the inner wall of the blood vessel 3 and there-
fore the detected intensity of the reflected wave is maximum.
For this reason, it is considered that the position of the trans-
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ducer 30 at which the reflection intensity is maximum is the
position at which the transmission ultrasonic wave passes the
center o of the cross-section.

[0203] After the position yo is specified, the probe control
section 25 can the transducer 30 to the position yo and fixes
the transducer 30 at the position yo, and then measure the
elasticity characteristic of the blood vessel 3.

[0204] Portions (a) and (b) FIG. 11 show a physical struc-
ture of the ultrasonic probe 13 in this embodiment. Portion (a)
of FIG. 11 is an isometric view, and portion (b) of FIG. 11 is
a plan view. The ultrasonic probe 13 includes a rack 110 and
a motor 111. The rack 110 is a flat plate-like rod including
teeth, and is physically coupled with the case 50. A rotation
shaft of the motor 111 is provided with a pinion, which is
engaged with the teeth of the rack 110. By the rotation of the
motor 111, the case 50 moves in the y-axis direction together
with the rack 110. This realizes the movement of the trans-
ducer 30 shown in FIG. 9. The supply of an electric power for
rotating the motor 111 and the rotation rate and the rotation
time period of the motor 111 corresponding to the moving
distance in the y-axis direction are controlled by the probe
control section 25.

[0205] FIG. 12 is a flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
this embodiment.

[0206] Instep S1, when the probe control section 25 sends
a control signal to the ultrasonic probe 13, the transducer 30
moves in the y-axis direction within the ultrasonic probe 13
while generating an ultrasonic wave. In step S2, the intensity
information generation section 23 repeatedly detects the
reflected ultrasonic wave as the transducer 30 moves, and
obtains the reflection intensity. By, for example, one recipro-
cating movement of the transducer 30 in the movable range
provides a reflection intensity distribution.

[0207] In step S3, the central position determination sec-
tion 24 specifies the position of the transducer 30 at which the
reflection intensity is maximum as the position (central posi-
tion) at which the ultrasonic wave passes the center o of the
blood vessel.

[0208] Instep S4, when the probe control section 25 moves
the transducer 30 to the central position, the control section 26
instructs the elasticity characteristic of the blood vessel 3 to
be measured at the central position. Based on this instruction,
the phase detection section 17, the filtering section 18, the
calculation section 19 and the calculation data storage section
20 operate to measure the elasticity characteristic of the blood
vessel 3.

[0209] Instep S5, the display section 21 displays the cross-
section along the longer axis of the blood vessel and also
displays the elasticity characteristic measured by the calcu-
lation section 19 as being superimposed on the cross-sec-
tional view thereof.

[0210] By the processing of steps S1 through S3, the posi-
tion of the transducer 30 at which the reflection intensity is
maximum is specified as the central position, and the elastic-
ity characteristic of the blood vessel 3 is measured at the
central position. Therefore, the distortion of the blood vessel
can be accurately measured, and the elasticity characteristic
can be accurately measured.

[0211] In this embodiment, the transducer 30 is moved
within the ultrasonic probe 13 in a prescribed axial direction,
and thus the center of the cross-section of the blood vessel 3
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is specified. Alternatively, a structure with which the trans-
ducer 30 is not moved in a prescribed axial direction may be
adopted.

[0212] For example, portion (a) of FIG. 13 shows an
example of a structure of the ultrasonic probe 13 in which the
case 50 is swung like a pendulum with a relatively upper point
Ka in the case 50 used as a fulcrum shaft. Portion (b) of FIG.
13 shows an example of a structure of the ultrasonic probe 13
in which the case 50 is swung like a pendulum with a rela-
tively lower point Kb in the case 50 used as a fulcrum shaft. In
either example, the fulcrum shaft is parallel to the body sur-
face, and the rotation shaft of the motor matches the fulcrum
Ka or Kb. It should be noted that the rotation shaft of the
motor does not need to match the fulcrum Ka or Kb. For
example, the rotation of the motor may be conveyed to the
fulcrum Ka or Kb via a conveyance mechanism such as a gear,
a belt or the like. Owing to such a structure, the transmission
direction of the ultrasonic wave transmitted from the trans-
ducer 30 can be changed. In the example of portion (b) of FIG.
13, the movable range (movable angle) corresponding to the
movable range D in FIG. 9 is from -180 degrees to +180
degrees. In the example of portion (a) of FIG. 13, the movable
range (movable angle) is smaller than that in the example of
portion (b) of FIG. 13.

[0213] In the case where the ultrasonic probe 13 having
such a structure is used, the elasticity characteristic of the
blood vessel 3 at the central position can be measured by
specifying the rotation angle at which the ultrasonic wave
transmitted from the transducer 30 passes the center of the
cross-section of the blood vessel 3 based on the maximum
reflection intensity. According to this structure, the blood
vessel 3 does not need to be present right below the ultrasonic
probe 13. Therefore, even a user who is not accustomed to the
ultrasonic probe 13 and so cannot locate the ultrasonic probe
13 on the blood vessel 3 can measure the elasticity character-
istic accurately.

[0214] A structure in which the transducer 30 is moved
parallel to the body surface to change the position from which
the ultrasonic wave is to be transmitted (FIG. 11, etc.), and a
structure in which the transducer 30 is swung like a pendulum
to change the angle at which the ultrasonic wave is to be
transmitted (FIG. 13), may be combined together. By such a
combination, the range to which the ultrasonic wave can be
transmitted is widened to enlarge the measurable range. In
other words, the tolerable range for the position of the body
surface to which the ultrasonic probe 13 is applied is enlarged.

[0215] In the above embodiment, the central position at
which the ultrasonic wave passes the center of the cross-
section of the blood vessel 3 is specified using the maximum
reflection intensity. The central position can be specified
without using the maximum reflection intensity.

[0216] FIG. 14 shows a transducer 35, which is a modifi-
cation of the transducer 30. The transducer 35 is a so-called
1.5D array transducer and includes two ultrasonic transducer
element groups 35a and 355, each of which is provided in a
line. The ultrasonic transducer element groups 35a and 356
are arranged along the moving direction thereof within the
ultrasonic probe 13 (y-axis direction).

[0217] Using the transducer 35, the central position can be
specified based on a difference T between a reflection inten-
sity detected by the ultrasonic transducer element group 35a
and areflection intensity detected by the ultrasonic transducer
element group 355 by the following principle.
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[0218] FIG. 15 shows the relationship between a moving
distance y of the transducer 35 in the y-axis direction and the
difference T between the reflection intensity detected by the
ultrasonic transducer element group 35a and the reflection
intensity detected by the ultrasonic transducer element group
35b. When the transducer 35 moves in the y-axis direction
shown in FIG. 14 to approach the blood vessel 3, the reflection
intensity detected by the ultrasonic transducer element group
355 starts increasing. When the ultrasonic transducer element
group 35a is not on the blood vessel 3, the reflection intensity
from the blood vessel 3 detected by the ultrasonic transducer
element group 35a is 0. Therefore, the difference T of the
outputs gradually increases.

[0219] When the ultrasonic transducer element group 35a
reaches the blood vessel 3, the reflection intensity detected by
the ultrasonic transducer element group 35a starts increasing
and so the output difference T gradually decreases. When the
outputs from the ultrasonic transducer element groups 35a
and 355 become equal to each other, the output difference T
becomes 0. While the output difference T is 0, the ultrasonic
transducer element groups 35a and 355 are located symmetri-
cally with respect to the central axis of the blood vessel 3 as
seen from the direction shown in FIG. 14. Therefore, the
position of the ultrasonic transducer 35 in this state corre-
sponds to the central position.

[0220] With the method of determining the central position
based on the difference between the reflection intensities
using the transducer 35, a peak of the reflection intensity does
not need to be detected unlike with the method of determining
the maximum intensity shown in FIG. 10. Therefore, the
processing time period is shortened. Before the transducer 35
is moved, the sign of the signal may be checked and it may be
defined that, for example, when the signal is positive, the
transducer 35 is located left to the blood vessel 3 whereas
when the signal is negative, the transducer 35 is located right
to the blood vessel 3. With such a definition, it can be found
whether the transducer 35 is located left or right to the blood
vessel 3. In this embodiment, the difference between the
reflection intensities of the ultrasonic transducer element
groups 35a and 3554 is calculated by the intensity information
generation section 23.

[0221] As the ultrasonic probe 13 used for the method for
determining the central position shown in FIG. 14 and FIG.
15, the ultrasonic probe 13 shown in FIG. 13 may be used.
[0222] Among the different types of processing of specify-
ing the central position described above with reference to
FIG. 10 and FIG. 15, the processing of obtaining the reflec-
tion intensity by moving the transducer 30 within the movable
range D is applicable to measure other parameters, for
example, the shape or the diameter of the blood vessel 3. This
means that the central position of the blood vessel can be
measured also based on the measured shape thereof. For
using this type of processing to measure the shape of the
blood vessel 3, data on the shapes of a plurality of cross-
sections is accumulated along the longer axis of the blood
vessel 3 to obtain shape data. The shape data may include a
thickness change of the front wall of the blood vessel 3, which
is caused by the heartbeat. The processing of measuring the
diameter of the blood vessel 3 is executed by calculating a
difference between the reflected wave from the wall of the
blood vessel 3 which is closer to the ultrasonic probe 13
located at the central position described above, and the
reflected wave from the wall of the blood vessel 3 which is
farther from the ultrasonic probe 13 located at the central
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position. The above-described processing of obtaining the
reflection intensities may be pre-executed when the ultra-
sonic probe 13 is applied to the body surface of the test
subject. In this way, subsequent processing can be executed
quickly.

Embodiment 2

[0223] Hereinafter, an ultrasonic diagnostic apparatus in
Embodiment 2 according to the present invention will be
described.

[0224] InEmbodiment 1, the transducer 30 is moved within
the ultrasonic probe 13 to specify the central position at which
the ultrasonic wave passes the center of the cross-section of
the blood vessel, with a premise that the direction in which the
ultrasonic transducer elements are arranged (for example, the
x-axis direction in FIG. 4) is substantially parallel to the
longer axis of the blood vessel 3.

[0225] However, when the apparatus is operated by an
unaccustomed user, the arranging direction of the ultrasonic
transducer elements may be possibly deviated from the longer
axis direction of the blood vessel 3 and it cannot be easily
expected that the deviation is quickly corrected.

[0226] In this embodiment, an ultrasonic diagnostic appa-
ratus capable of specifying the central position of the blood
vessel and accurately measuring the elasticity characteristic
even where the arranging direction of the ultrasonic trans-
ducer elements is not parallel to the longer axis of the blood
vessel will be described.

[0227] Hereinafter, with reference to FIG. 16 through FIG.
19, a principle of processing of adjusting the positional rela-
tionship between the transducer and the blood vessel will be
described. In this embodiment, like in Embodiment 1, the
transducer moves within the ultrasonic probe. While the
transducer is moving, the position of the ultrasonic probe is
fixed on the epidermis of the test subject.

[0228] FIG. 16 shows an example in which the transducer
30 and the blood vessel 3 are not located parallel to each other.
Itis assumed that when the transducer 30 and the blood vessel
3 are in the positional relationship shown here, the transducer
30 moves in the y-axis direction while generating an ultra-
sonic wave.

[0229] Ultrasonic transducer element groups located at
both ends of the transducer 30, each including an appropriate
number of (for example, 5) ultrasonic transducer elements,
are labeled receiving sections A and B. Attention will now be
paid to the intensities of the reflected wave detected by the
receiving sections A and B.

[0230] FIG. 17 shows waveforms of the distributions of the
reflection intensities respectively detected by the receiving
sections A and B. These waveforms are generated by the
intensity information generation section 23. The reflection
intensity detected by the receiving section A has a maximum
value when the transducer 30 is at a position y ;. The reflection
intensity detected by the receiving section B has a maximum
value when the transducer 30 is at a position y 5. The receiving
section A starts detecting the reflected wave from the blood
vessel 3 and also starts receiving the reflected wave which has
passed the center of the cross-section of the blood vessel 3,
before the receiving section B. Therefore, y ,<y. The maxi-
mum value at the position y , is not necessarily the same as the
maximum value at the position yz. The reason for this is that
the ultrasonic wave is transmitted to the biological body
(blood vessel 3) and so the reflected wave includes variances.
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[0231] Whether or not the arranging direction of the ultra-
sonic transducer elements and the longer axis of the blood
vessel 3 are parallel to each other is known neither to the user
nor to the ultrasonic diagnostic apparatus. However, when the
waveforms shown in FIG. 17 are obtained as a result of
measuring the reflection intensities detected by the receiving
sections A and B located at both ends of the transducer, it is
understood that the transducer 30 and the blood vessel 3 are in
the positional relationship shown in FIG. 16.

[0232] In such a case, the transducer 30 can be rotated to
adjust the direction of the transducer 30 to be parallel to the
blood vessel 3.

[0233] For example, the transducer 30 is rotated by a pre-
defined angle and then moved again in the y-axis direction,
and the reflection intensity distributions are obtained by the
receiving sections A and B. When the waveforms shown in
FIG. 17 are obtained, which show that the reflection intensi-
ties detected by the receiving sections A and B are different
from each other, the transducer is again rotated by the pre-
defined angle. This is repeated until the reflection intensities
detected by the receiving sections A and B both become
maximum at the same position.

[0234] FIG. 18 shows an example in which the transducer
30 and the blood vessel 3 are located parallel to each other as
a result of rotating the transducer 30. FIG. 19 shows wave-
forms when the reflection intensities detected by the receiving
sections A and B are both maximum at the position yo. The
reflection intensities detected by the receiving sections A and
B are both maximum at the same time, and at this point, the
transducer 30 and the blood vessel 3 are parallel to each other.
After this, the processing described in Embodiment 1 is
executed to specify the position of the transducer 30 at which
the reflection intensity is maximum as the position (central
position) at which the ultrasonic wave passes the center of the
blood vessel. Owing to this, the elasticity characteristic of the
blood vessel 3 can be accurately measured.

[0235] Portions (a) and (b) of FIG. 20 show a physical
structure of the ultrasonic probe 13 in this embodiment. Por-
tion (a) of FIG. 20 is an isometric view, and portion (b) of FIG.
20 is a plan view. Among the elements of the ultrasonic probe
13 in this embodiment, the elements identical with those of
the ultrasonic probe shown in portions (a) and (b) of FIG. 11
bear identical reference numerals therewith, and descriptions
thereof will be omitted.

[0236] As compared with the ultrasonic probe in Embodi-
ment 1, the ultrasonic probe 13 in this embodiment further
includes a rack 112 and a motor 113. The rack 112 is a flat
plate-like rod including teeth, and is physically coupled with
the case 50. A rotation shaft of the motor 113 is provided with
a pinion, which is engaged with the teeth of the rack 112. For
the convenience of description, in this embodiment, the
motors 111 and 113 have the same performance and the
rotation shafts thereof are provided with the same type of
pinions. The number of the teeth of the rack 110 is the same
as the number of the teeth of the rack 112.

[0237] In this embodiment, the case 50 is connected to the
rack 110 and also to the rack 112. Especially, the case 50 is
connected to be rotatable with respect to both of the racks 110
and 112. The connection point of the case 50 and the rack 112
is movable with a slight play in the x-axis direction. The
reason for this is that when the case 50 rotates on an x-y plane,
the distance between the fulcrums may be changed.

[0238] The rotation of the motor 111 and the rotation of the
motor 113 are independently controlled by a control signal
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from the probe control section 25. It is assumed that the case
50 is located parallel to the x-axis shown in portion (b) of FIG.
20. When the motor 111 and the motor 113 are rotated in
opposite directions from each other at the same rotation rate
in this state, the case 50 moves in the y-axis direction while
being kept paralle] to the x-axis direction. This control on the
movement is executed for moving the transducer 30 as shown
in FIG. 16.

[0239] By contrast, when the motor 111 and the motor 113
are rotated at different rotation rates, the case 50 becomes
unparallel to the x-axis direction and is inclined to the x-axis
at an angle corresponding to the difference between the rota-
tion rates. Namely, the case 50 is rotated on the x-y plane by
a prescribed angle. At the time when a prescribed inclination
is obtained, the motors 111 and 113 are stopped rotating and
then rotated in opposite directions from each other at the same
rotation rate. When this is done, the case moves in the y-axis
direction while keeping the inclination. This control on the
movement is executed for moving the transducer 30 as shown
in FIG. 18.

[0240] FIG. 21 is a flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 by the ultrasonic diagnostic apparatus 11 in this
embodiment. As compared with the flowchart shown in FIG.
12, this flowchart further includes steps S11 and S12. Here-
inafter, steps S11 and S12 will be described.

[0241] Step S11 corresponds to processing of determining
whether or not the transducer 30 and the blood vessel 30 are
inclined with respect to each other. For example, the central
position determination section 24 determines whether or not
the reflection intensities detected by the receiving sections at
both ends of the transducer (the receiving sections A and B)
are maximum. When both of the reflection intensities are
maximum, the processing advances to step S3; and otherwise,
the processing advances to step S12. The reflection intensities
are provided by the intensity information generation section
23 based on the outputs from the receiving sections at both
ends of the transducer.

[0242] Instep S12, the probe control section 25 rotates the
case 50 accommodating the transducer 30 on the x-y plane by
a prescribed angle (for example, 10 degrees). Then, the pro-
cessing returns to step S1, and the same processing is
repeated. The x-y plane is perpendicular to the acoustic line.
While the ultrasonic probe 13 is applied to the body surface,
the x-y plane matches the plane parallel to the body surface.

[0243] The loop of steps S1, S2, S11 and S12 is continued
until the reflection intensities detected by the receiving sec-
tions at both ends of the transducer are both maximum at the
same time in step S11. Namely, the angle of the transducer 30
is changed on the x-y plane until the transducer 30 becomes
parallel to the blood vessel 3. Then, the processing of steps S3
through S5 is executed, and thus the elasticity characteristic
of the blood vessel is accurately measured and displayed.

[0244] InFIG.21,steps S1,S2, S11 and S12 are repeated as
a loop. Alternatively, such a repetition may not be executed.
For example, the transducer 30 may be caused to scan the
blood vessel 3 once. In this case, an angle by which the
transducer 30 should be rotated can be calculated using the
positions y, and y at which the reflection intensities are
maximum. Specifically, the probe control section 25 calcu-
lates the angle to be found (the angle by which the transducer
30 should be rotated) 6 by 6=tan™*((y ,~Y;)/T). T represents
the distance between the receiving sections A and B.
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[0245] Since the angle by which the transducer 30 should
be rotated can be calculated by merely causing the transducer
30 to scan the blood vessel 3 once, the transducer 30 can be
made parallel or generally parallel to the blood vessel 3
quickly and certainly. Therefore, the time period from when
the ultrasonic probe 13 is applied to the body surface until the
measurement is started can be shortened.

[0246] In this embodiment, the receiving sections A and B
shown in FIG. 16 and FIG. 18 are used as an example of the
receiving sections at both ends of the transducer 30. The
shapes and locations of the receiving sections A and B may be
varied.

[0247] For example, portions (a) through (d) of FIG. 22
respectively show transducers 30a through 30d. The receiv-
ing sections A and B of the transducers 30a through 304 are
different from one another in the shape and location. The
transducer in portion (a) of FIG. 22 is the same as the trans-
ducer 30 shown in FIG. 16 and FIG. 18. It is determined
whether or not the transducer 30 is parallel to the blood vessel
3 using the intensities of the reflected wave detected by the
two receiving sections in the areas surrounded by the dotted
lines. Portion (b) through (d) of FIG. 22 show examples of the
location and shape of the receiving sections A and B which
are physically independent. Whichever of the transducers 30a
through 304 may be used, the reflection intensities necessary
to determine whether or not the transducer 30 is parallel to the
blood vessel 3 can be detected.

[0248] In all the above examples, the receiving sections A
and B are provided at both ends of the transducer. However,
the receiving sections A and B do not need to be at both ends
ofthe transducer. For example, the receiving section A may be
provided at the center of the transducer and the receiving
section B may be provided at one end of the transducer. The
receiving sections A and B do not need to be provided at both
ends of the transducer as long as the receiving sections A and
B are away from each other sufficiently for the waveforms of
the reflection intensities shown in FIG. 17 to be obtained.
[0249] InEmbodiments 1 and 2, the transducer 30 is moved
within the ultrasonic probe 13 by a so-called rack and pinion
system, but this is merely an example. Alternatively, the
movement and the rotation of the case 50 and the transducer
30 may be controlled by coupling the motor 111 and/or the
motor 113 with the case 50 by a belt and winding or advancing
the belt by the rotation of the motor(s). The type of the motor,
which is the driving device, is arbitrary, and for example, a
linear motor or a voice coil motor may be usable. It would be
easy for a person of ordinary skill in the art to change the
structure of the ultrasonic probe 13 for moving the transducer
30 in accordance with the driving system of the motor used.
[0250] As described above in Embodiments 1 and 2, in the
flowcharts in FIG. 12 and FIG. 21 showing the processing
procedure of measuring the elasticity characteristic, when the
probe reaches the central position after the start of the pro-
cessing, the elasticity characteristic is measured and the mea-
sured elasticity characteristic is displayed, and the processing
is finished. However, the processing does not need to be
finished after one measurement and may be executed continu-
ously or within a certain cycle. In this way, even if the position
is deviated because the hand holding the probe is unstably
shaken or the like, the probe can be moved to the central
position to measure the elasticity characteristic each time this
occurs. Thus, an accurate elasticity characteristic of the blood
vessel can be obtained. In this case, the movable range of the
transducer may be slightly narrowed than the original mov-
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able range. By such an arrangement, the processing time
period can be shortened. Alternatively, after the processing
procedure is finished once, the deviation of the position
caused because the hand is unstably shaken can be detected
based on the reflection intensity difference obtained in step S2
in FIG. 12 or in step S2 in FIG. 21, without moving the
transducer as in step S1 in FIG. 12 or in step S2 in FIG. 21. In
the case where the reflection intensity difference is larger than
a certain value, the processing procedure of measuring the
elasticity characteristic may be executed again.

[0251] InEmbodiments 1 and 2, the transducer 3 moves in
one direction or two directions. One direction means a direc-
tion parallel to the surface of the biological body or a rotation
direction, and two directions means a direction parallel to the
surface of the biological body and a rotation direction on a
plane.

[0252] However, the transducer 30 may perform a multi-
axis operation, i.e., may move in other directions in addition
to moving in one direction or two directions. As an example of
the transducer 30 moving in the other directions, portion (a)
of FIG. 23 shows a transducer 30 which moves in the x-axis
direction and the z-axis direction and also rotates around an
axis parallel to the y-axis direction as the center of rotation.
Hereinafter, the rotation around the y-axis direction as the
center of rotation will be referred to as a “rotation in the y-axis
direction”.

[0253] The rotation in the y-axis direction is used when the
blood vessel is inclined in a depth direction toward the inside
of the biological body from the surface thereof. The move-
ment in the z-axis direction is used in order to change the
physical position of the focal point in the depth direction. The
movement in the x-axis direction is used in order to change
the measurement position in the axial direction of the blood
vessel.

[0254] A driving device for realizing the multi-axis opera-
tion can be structured with a plurality of links, a plurality of
joints and a plurality of actuators. For example, it is desirable
to use one of such structures, namely, a parallel link mecha-
nism. A parallel link mechanism includes a plurality of links,
aplurality of joints and a plurality of actuators, and has at least
two links arranged side by side.

[0255] Portion (b) of FIG. 23 is a cross-sectional view of an
ultrasonic probe 13 having a parallel link mechanism, which
is taken along a plane parallel to a y-z plane.

[0256] The ultrasonic probe 13 includes a bag portion 130.
The bag portion 130 accommodates an acoustic coupling
liquid 131 and the transducer 30 in a sealed state. A portion of
the acoustic coupling liquid 131 which is located between a
window section 132 on a front surface of the ultrasonic probe
(surface to be attached to the surface of the biological body)
and the transducer 30 propagates an ultrasonic wave gener-
ated by the transducer 30. It is desirable that the bag portion
130 is formed of a flexible material which is not permeated by
the acoustic coupling liquid, for example, a rubber material, a
resin film material or the like.

[0257] In the parallel link mechanism, the transducer 30
and actuators 123 are located discretely and oppositely with
respect to an operation point section 133, which acts as an
operation point. Links 121 and joints 122 for conveying the
power of the actuators 123 to the operation point section 133
are located on the actuators 123 side with respect to the
operation point section 133. Therefore, the links 121, the
joints 122 and the actuators 123 are not sealed by the bag
portion 130 and so are not immersed in the acoustic coupling
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liquid 131. It is an advantage of the parallel link mechanism
that the actuators 123 can be installed away from the trans-
ducer 30. This is a difference from a single link mechanism
having an actuator at each joint, like in a robot arm.

[0258] FIG. 24 shows an ultrasonic probe 13 having a linear
motion parallel link mechanism with 6 degrees of freedom. In
the ultrasonic probe 13, the transducer 30 is attached to one of
surfaces of a movable base 124. The joints 122 are attached to
the other surface of the movable base 124. The joints 122 and
the links 121 are respectively connected to each other, and
convey the driving power of the respective actuators 123.
[0259] By driving six linear motion actuators, the position
and angle of the movable base 24 are changed with a total of
six degrees of freedom, which are the x direction, the y
direction, the z direction and the rotation directions around
each axis as the center of rotation. With such an arrangement,
the transducer 30 can be moved and rotated in a total of six
directions, not only in the direction parallel to the surface of
the biological body.

[0260] The linear motion actuators (not shown) are fixed to
a casing of the ultrasonic probe 13. The linear motion actua-
tors may be of, for example, a mechanism in which the motor
is linearly moved by a ball screw or the motor is a linear
motor. As examples, the ultrasonic probes 13 shown in FIG.
25 and FIG. 26 will be described. FIG. 25 shows a rotatable
parallel link mechanism, and FIG. 26 shows an extendable
parallel link mechanism. As shown in FIG. 25 and FIG. 26,
when the actuators 123 are driven, the driving power thereof
is conveyed to the movable base 124 via the joints 122 and the
links 121. The position and angle of the movable base 124 are
changed with six degrees of freedom, which are the x direc-
tion, the y direction, the z direction and the rotation directions
around each axis as the center of rotation, not only in the
direction parallel to the surface of the biological body. The
rotatable parallel link mechanism adopts rotatable actuators,
and the extendable parallel link mechanism adopts extend-
able actuators.

[0261] The degrees of freedom of the parallel link mecha-
nism does not need to be always six. Any number of degrees
of freedom which is required for operating the probe is suf-
ficient. For example, it is acceptable that the probe includes a
movable shaft which gives two degrees of freedom among the
six degrees of freedom mentioned above. The number of the
joints and the number of links may be varied in accordance
with the degree of freedom. The joints may be omitted
depending on the positions at which the actuators are
installed, the length of the links or the like.

[0262] The degree of freedom with which the position of
the transducer can be changed is defined by the number of
shafts capable of driving the transducer 30. An operation
section may be an input device such as a joystick or the like.
An operation of changing the position or orientation of the
transducer may be performed during the processing of deter-
mining the central position of the blood vessel or during the
measurement of the elasticity characteristic of the blood ves-
sel. For example, the processing of determining the central
position of the blood vessel may be first executed, and then
the transducer may be moved in the axial direction of the
blood vessel to measure the elasticity characteristic in a wider
range.

[0263] An operation section (not shown) may be provided
in a main body of the ultrasonic diagnostic apparatus. The
operation section is operated by the user to output a control
signal for changing the position or orientation of the trans-
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ducer within the ultrasonic probe. The position of the trans-
ducer varies based on the control signal.

[0264] The operation section does not need to be provided
in the main body of the ultrasonic diagnostic apparatus. For
example, the operation section and the ultrasonic diagnostic
apparatus may be connected to each other via a network. In
this case, the ultrasonic probe is remote-controlled based on a
control signal from the operation section.

[0265] A switch (not shown) may be provided in the probe
or the main body of the ultrasonic diagnostic apparatus, so
that the transducer can be switched either to, or not to, move
and/or rotate within the ultrasonic probe. The reason why this
is possible is that an operator skilled in using the probe, upon
looking at a displayed image of the elasticity characteristic,
could easily determine whether the measurement results of
the elasticity characteristic are correct or not, namely,
whether the probe is appropriately located and the elasticity
characteristic of the blood vessel is measured at the center of
the cross-section of the blood vessel or not. Since the ultra-
sonic diagnostic apparatus can be switched either to, or not to,
execute the processing of making a determination on the
central position, the ultrasonic diagnostic apparatus can be
operated in accordance with the level of skill of the user,
which improves the convenience of the ultrasonic diagnostic
apparatus.

Embodiment 3

[0266] Hereinafter, an ultrasonic diagnostic apparatus in
Embodiment 3 according to the present invention will be
described.

[0267] The ultrasonic diagnostic apparatus in this embodi-
ment has the same structure as the ultrasonic diagnostic appa-
ratus 11 (FIG. 5) in Embodiment 1, and so will be described
with reference to the ultrasonic diagnostic apparatus 11
shown in FIG. 5 and the elements thereof.

[0268] InEmbodiment 1,thex axis ofthe transducer 30 (for
example, FIG. 4) and the longer axis of the blood vessel 3
along the extending direction of the blood vessel 3 are located
substantially parallel to each other.

[0269] In this embodiment, the x axis of the transducer 30
(for example, FIG. 4) and the longer axis of the blood vessel
3 along the extending direction of the blood vessel 3 are
located substantially “perpendicular” to each other.

[0270] Insuchasituation, the intensity information genera-
tion section 23 of the ultrasonic diagnostic apparatus (FIG. 5)
in this embodiment sequentially changes, in the x-axis direc-
tion, the position at which the ultrasonic wave is generated
using the transducer elements of the transducer 30, and mea-
sures the reflection intensity of the reflected wave of the
transmitted ultrasonic wave to generate intensity information.
The intensity information generation section 23 measures the
intensity of the reflected wave (reflection intensity) based on
the amplitude of the receiving signal delay-time-controlled
by the delay time control section 16 and generates the inten-
sity information which represents the reflection intensity dis-
tribution.

[0271] The transducer 30 moves within the ultrasonic
probe in a direction parallel to the body surface and perpen-
dicular to the x-axis direction, namely, in the longer axis
direction of the blood vessel, while generating an ultrasonic
wave. The intensity information generation section 23 mea-
sures the reflection intensity obtained as the transducer 30
moves and generates the intensity information.
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[0272] Hereinafter, with reference to FIG. 27 and FIG. 28,
a principle of processing of adjusting the positional relation-
ship between the transducer 30 and the blood vessel 3 will be
described. This processing causes an ultrasonic wave (acous-
tic line) transmitted from the transducer 30 to pass the center
of the cross-section of the blood vessel 3, and allows the
elasticity characteristic of the blood vessel 3 to be accurately
measured.

[0273] As described above, in this embodiment, the x axis
of the transducer 30 (for example, FIG. 27) and the longer
axis of the blood vessel 3 are located substantially perpen-
dicular to each other. The z axis of the transducer 30 (for
example, FIG. 27) and the longer axis of the blood vessel 3 do
not need to be substantially perpendicular to each other.

[0274] FIG. 27 shows the transducer 30 moving in the
x-axis direction for performing a scan while generating an
ultrasonic wave. The transducer 30 is accommodated in the
case S50.

[0275] Based on a control signal from the transmission
section 14, the transducer 30 moves in the x-axis direction for
performing a scan from one end to the other end as shown in,
for example, portions (al) and (b1) of FIG. 3, while generat-
ing an ultrasonic wave.

[0276] FIG. 28 shows a distribution of the reflection inten-
sity of the reflected ultrasonic wave generated by the intensity
information generation section 23 as a result of a scan per-
formed in the x-axis direction with an ultrasonic wave. The
horizontal axis represents the length direction (x-axis direc-
tion) of the transducer 30, and the vertical axis represents the
reflection intensity. When the reflection intensity is obtained,
the central position determination section 24 specifies a posi-
tion Xo of the transducer 30 at which the maximum reflection
intensity Rmax is obtained.

[0277] The position Xo specified by the central position
determination section 24 corresponds to the position at which
the acoustic line of the ultrasonic wave passes the center of the
cross-section of the blood vessel 3. The reason for this is as
follows. As the position passed by the transmission wave is
farther from the center of the cross-section, the angle at which
the transmission wave is reflected by the outer wall and the
inner wall of the blood vessel 3 is closer to 90 degrees with
respect to the direction of incidence and therefore the
detected intensity of the reflected wave from the blood vessel
3 is lower. By contrast, as the position passed by the trans-
mission ultrasonic wave is closer to the center o of the cross-
section, the angle at which the ultrasonic wave is reflected by
the outer wall and the inner wall of the blood vessel 3 is closer
to the direction of incidence and therefore the detected inten-
sity of the reflected wave from the blood vessel 3 is higher.
When the transmission ultrasonic wave passes the center o of
the cross-section, the direction of incidence and the direction
of reflection of the ultrasonic wave match each other at the
outer wall and the inner wall of the blood vessel 3 and there-
fore the detected intensity of the reflected wave is maximum.
For this reason, it is considered that the position of the trans-
ducer 30 which has transmitted the ultrasonic wave which is
reflected with the maximum reflection intensity is the posi-
tion at which the transmission ultrasonic wave passes the
center o of the cross-section.

[0278] After the position Xo is specified, the transmission
section 14 can transmit the ultrasonic wave from the position
Xo to measure the elasticity characteristic of the blood vessel
3.
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[0279] Inthe above example, the position of the transducer
30 is fixed. Alternatively, the transducer 30 may be moved in
the longer axis direction of the blood vessel 3 and the above
operation may be performed at the post-movement position.
In this way, while the central position of the blood vessel 3 is
specified along a certain length range of the blood vessel 3 in
the longer axis direction thereof, the elasticity characteristic
can be accurately measured at each of the positions.

[0280] Inthis embodiment, as shown in portions (a) and (b)
of FIG. 11, a mechanism for driving the transducer 30 is
provided in the ultrasonic probe 13 in order to allow the
transducer 30 to move within the ultrasonic probe 13.
[0281] FIG. 29 is a flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
this embodiment. Here, the ultrasonic probe 13 shown in
portions (a) and (b) of FIG. 11 is used.

[0282] Instep S31, when the probe control section 25 sends
a control signal to the ultrasonic probe 13, the transducer 30
moves in the x-axis direction for performing a scan while
generating an ultrasonic wave. In step S32, the intensity infor-
mation generation section 23 detects a reflected wave of the
ultrasonic wave repeatedly transmitted by the transducer 30,
and obtains a reflection intensity. An ultrasonic wave is
sequentially transmitted from the transducer 30 from one end
to the other end thereof and a reflected wave is received, and
thus a reflection intensity distribution is obtained.

[0283] In step S33, the central position determination sec-
tion 24 specifies the position of the transducer 30 at which the
reflection intensity is maximum as the position (central posi-
tion) at which the ultrasonic wave passes the center o of the
blood vessel.

[0284] In step S34, the control section 26 instructs the
elasticity characteristic of the blood vessel 3 to be measured
at the central position. Based on this instruction, the phase
detection section 17, the filtering section 18, the calculation
section 19 and the calculation data storage section 20 operate
to measure the elasticity characteristic of the blood vessel 3.
[0285] In step S35, the display section 21 displays the
cross-section along the longer axis of the blood vessel and
also displays the elasticity characteristic measured by the
calculation section 19 as being superimposed on the cross-
sectional view thereof.

[0286] Instep S36, the probe control section 25 moves the
transducer 30 within the ultrasonic probe 13 in the y-axis
direction by a certain distance. For example, for measuring
the elasticity characteristic of the blood vessel 3 at five dif-
ferent sites, the probe control section 25 moves the transducer
30 within the ultrasonic probe 13 in the y-axis direction by %5
of the distance of the movable range in the ultrasonic probe
13.

[0287] In step S37, it is determined whether or not the
transducer 30 has reached the end position of the movable
range in the ultrasonic probe 13. When the transducer 30 has
not reached the end position, the processing returns to step
S31. When the transducer 30 has reached the end position, the
processing is finished.

[0288] By the processing of steps S31 through S33, the
position of the transducer 30 at which the reflection intensity
is maximum is specified as the central position, and the elas-
ticity characteristic of the blood vessel 3 is measured at the
central position. Therefore, the distortion of the blood vessel
can be accurately measured, and the elasticity characteristic
can be accurately measured.
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Embodiment 4

[0289] Hereinafter, an ultrasonic diagnostic apparatus in
Embodiment 4 according to the present invention will be
described.

[0290] In Embodiment 3, the center of the cross-section of
the blood vessel 3 is specified and the transducer 30 is moved
in a prescribed axial direction within the ultrasonic probe 13.
This is effective when the blood vessel 3 extends parallel to
the epidermis.

[0291] In this embodiment, an ultrasonic probe capable of
specifying the center of the cross-section perpendicular to the
blood vessel 3 even where the blood vessel 3 is not parallel to
the epidermis will be described.

[0292] Portions (a) and (b) of FIG. 30 each show an
example of a structure of an ultrasonic probe 13 for swinging
the case 50 like a pendulum with a relatively upper point Ka
in the case 50 used as a fulcrum shaft. Portion (¢) of FIG. 30
shows a structure of the ultrasonic probe 13 in this embodi-
ment. Elements having identical functions with those of the
ultrasonic probe 13 shown in FIG. 20 bear the identical ref-
erence numerals therewith, and descriptions thereof will be
omitted. The fulcrum shaft (x axis) of the ultrasonic probe 13
is parallel to the body surface. The ultrasonic probe 13 shown
in portion (¢) of FIG. 30 is structured such that the rotation of
the motor is conveyed to the fulcrum shaft via a conveyance
mechanism such as a gear, a belt or the like. It should be noted
that the rotation shaft of the motor may match the fulcrum
shaft. By such a structure, the transmission direction of the
ultrasonic wave transmitted from the transducer 30 can be
changed. The rotation direction and the rotation angle of the
transducer 30 are controlled by the probe control section 25.
In the example of portions (a) and (b) of FIG. 30, the movable
angle is from -90 degrees to +90 degrees. The point K as the
fulcrum shaft is provided away from the body surface, but
may be closer to the body surface.

[0293] Portion (a) of FIG. 30 shows the transducer 30
which has been rotated by angle 6, (6,>0). Portion (b) of FIG.
30 shows the transducer 30 at a rotation angle of 0. Portions
(a) and (b) of FIG. 30 also show the position of the blood
vessel 3. In this embodiment, the blood vessel 3 is not parallel
to the epidermis and extends in the depth direction from the
epidermis.

[0294] Using the ultrasonic probe 13 having such a struc-
ture, the elasticity characteristic of the blood vessel can be
measured at the central position in the cross-section vertical
to the blood vessel 3 by specifying the rotation angle of the
transducer 3 at which the ultrasonic wave transmitted from
the transducer 3 passes the center of the cross-section of the
blood vessel 3, based on the maximum reflection intensity.
[0295] FIG. 31 shows a reflection intensity distribution
generated by the intensity information generation section 23
when the ultrasonic wave is transmitted while the angle of the
transducer 30 is changed to be gradually increased from 0
degrees. It is sufficient that the ultrasonic wave is transmitted
once at each angular position.

[0296] When the angle of the transducer 30 is O degrees, as
shown in portion (b) of FIG. 30, the angle of incidence of the
ultrasonic wave on the blood vessel 3 is not the right angle.
Most of the ultrasonic wave incident thereon is reflected by
the outer wall and the inner wall of the blood vessel 3 in a
direction different from the direction of incidence. Only a part
of the ultrasonic wave returns in the direction of incidence,
and the reflection intensity thereof is measured.
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[0297] The reflection intensity gradually increases in the
range of the angle of the transducer 30 from 0 degrees to 6,,.
This means that as the reflection intensity is higher, the angle
of incidence of the ultrasonic wave on the blood vessel 3 is
closer to the right angle. Therefore, when a higher reflection
intensity is obtained, the central position determination sec-
tion 24 determines that the angle of incidence is closer to the
right angle.

[0298] By gradually increasing the angle of the transducer
30, the angle reaches 6, (6,>0) at which the reflection inten-
sity is maximum. When the reflection intensity is maximum
(Smax), the progressing direction of the ultrasonic wave is
perpendicular to the longer axis of the blood vessel 3. The
reason for this is as described above in Embodiment 3 with
reference to FIG. 27.

[0299] In order to determine that the reflection intensity is
maximum at angle 0,, the reflection intensity needs to be
measured in the state where the transducer 30 is inclined at an
angle larger than 6,. When the reflection intensity obtained at
such an angle is smaller than the reflection intensity at angle
0,, it can be determined that the reflection intensity is maxi-
mum at angle 6.

[0300] When the transducer 30 is swung to the negative
angle side, which is opposite to angle 8, (8,>0), from the state
where the angle is 0 degrees as shown in portion (b) of FIG.
30, the reflection intensity gradually decreases. The reason
for this is that the transmission direction of the ultrasonic
wave is closer to a direction parallel to the blood vessel 3.
Thus, the probe control section 25 sets the swinging direction
of'the transducer 30 to the opposite direction.

[0301] With the above-described structure, it is not neces-
sary to consider the relationship between the angle of the
ultrasonic probe 13 and the extending direction of the blood
vessel 3. Therefore, the elasticity characteristic can be accu-
rately measured even by a user unaccustomed to the ultra-
sonic probe 13.

[0302] In the above embodiment, the maximum reflection
intensity is used to specify the position at which the ultrasonic
wave passes the center of the cross-section of the blood vessel
3 when the ultrasonic wave is incident perpendicularly on the
blood vessel 3. Alternatively, the central position can be
specified by using the so-called 1.5D array shown in FIG. 14
without using the maximum reflection intensity. In this way,
angle 0, can be specified at a high precision and at a high
speed. In this embodiment, attention should be paid to that the
position of the blood vessel 3 shown in FIG. 14 is on a plane
generally parallel to the y axis.

[0303] Using the transducer 35 shown in FIG. 14, the cen-
tral position can be specified based on the difference T
between the reflection intensity detected by the ultrasonic
transducer element group 35¢ and the reflection intensity
detected by the ultrasonic transducer element group 355. The
principle of this is as follows.

[0304] FIG. 32 shows the relationship between the angle of
the transducer 35 and the difference T between the reflection
intensity detected by the ultrasonic transducer element group
35a and the reflection intensity detected by the ultrasonic
transducer element group 3556. When the transducer 35 is
swung by angle 6, as shown in portion (a) of FIG. 30 from the
state where the angle is 0 degrees as shown in portion (b) of
FIG. 30, the reflection intensity detected by the ultrasonic
transducer element group 355 first starts increasing gradually
from the initial value of 0. The ultrasonic transducer element
group 35a is away from the blood vessel 35a. Therefore, the
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reflection intensity from the blood vessel 3 detected by the
ultrasonic transducer element group 35a is lower than the
reflection intensity detected by the ultrasonic transducer ele-
ment group 3556. As a result, the output difference T initially
increases in the positive direction.

[0305] Then, when the angle of the transducer 30 starts
increasing, the reflection intensity detected by the ultrasonic
transducer element group 35a starts increasing and so the
output difference T gradually decreases. When the outputs
from the ultrasonic transducer element groups 35a and 356
become equal to each other, the output difference T becomes
0. While the output difference T is 0, the ultrasonic transducer
element groups 35a and 355 are located symmetrically with
respect to the central axis of the blood vessel 3 as seen from
the direction shown in FIG. 31. Therefore, the position of the
ultrasonic transducer 35 in this state corresponds to the posi-
tion perpendicular to the blood vessel.

[0306] With the method of determining the central position
based on the difference between the reflection intensities
using the transducer 35, a peak of the reflection intensity does
not need to be detected unlike with the method of determining
the maximum intensity shown in FIG. 28. Therefore, the
processing time period is shortened. For adjusting the angle
of the transducer 35, the sign of the output signal T may be
checked to determine whether the rotation is to be made in the
positive direction or in the negative direction. For example, if
the sign is positive, the transducer 30 can be controlled to be
rotated in the same direction as so far. If the sign is negative,
the transducer 35 can be controlled to be rotated in the oppo-
site direction. In this embodiment, the difference between the
reflection intensities of the ultrasonic transducer element
groups 35a and 3554 is calculated by the intensity information
generation section 23.

[0307] The waveform in FIG. 32 is merely an example for
helping easy understanding, and the waveform is not neces-
sarily straight and may be curved.

[0308] In Embodiment 3, the structure in which the trans-
ducer 30 is moved parallel to the body surface to change the
position from which the ultrasonic wave is to be transmitted
(FIG. 11, etc.) is described. In this embodiment, the structure
in which the transducer 30 is swung like a pendulum to
change the angle at which the ultrasonic wave is to be trans-
mitted (FIG. 30) is described. These structures can be com-
bined together. By such a combination, the range to which the
ultrasonic wave can be transmitted is widened to enlarge the
measurable range. In other words, the tolerable range for the
position of the body surface to which the ultrasonic probe 13
is applied is enlarged.

[0309] In this embodiment also, the ultrasonic probe 13
shown in portion (¢) of FIG. 30 which is movable in the y-axis
direction and rotatable around the x-axis as the center of
rotation is usable.

[0310] As shown in portion (c) of FIG. 30, the ultrasonic
probe 13 in this embodiment allows the case 50 accommo-
dating the transducer 30 to be rotated by the motor 111 like a
pendulum around a fulcrum shaft parallel to the x axis as the
center of rotation, unlike the ultrasonic probe in Embodiment
3

[0311] In this embodiment, the case 50 is connected to the
rack 112. The case 50 is connected so as to be rotatable with
respect to the fulcrum shaft to which the power of the motor
111 is conveyed. For rotating the case 50, the case 50, the rack
112 and the motor 113 are integrally driven. The rotation of
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the motor 111 and the rotation of the motor 113 are indepen-
dently controlled based on a control signal from the probe
control section 25.

[0312] FIG. 33 is a flowchart showing a processing proce-
dure of measuring the elasticity characteristic of the blood
vessel 3 executed by the ultrasonic diagnostic apparatus 11 in
this embodiment.

[0313] First in step S40, when the probe control section 25
sends a control signal to the ultrasonic probe 13 in the state
where the transducer 30 is located at a certain position in the
y-axis direction, the motor 111 causes the transducer 30 to
swing like a pendulum within the ultrasonic probe 13 while
causing the transducer 30 to generate an ultrasonic wave.
[0314] In step S41, the intensity information generation
section 23 detects a reflected wave of the ultrasonic wave
transmitted during the pendulum-like swing from one rota-
tion end (+90 degrees) to the other rotation end (-90 degrees),
and obtains a reflection intensity distribution.

[0315] In step S42, the central position determination sec-
tion 24 specifies the angle of the transducer 30 at which the
reflection intensity is maximum as the angle at which the
ultrasonic wave passes the blood vessel perpendicularly.
Then, when the control section 26 instructs the same process-
ing as that of steps S31 through S34 in FIG. 29 to be executed,
the phase detection section 17, the filtering section 18, the
calculation section 19 and the calculation data storage section
20 operate to select the central position of the cross-section
perpendicular to the blood vessel and measure the elasticity
characteristic of the blood vessel 3 at the central position.
[0316] In step S43, the display section 21 displays the
cross-section along the longer axis of the blood vessel and
also displays the elasticity characteristic measured by the
calculation section 19 as being superimposed on the cross-
sectional view thereof.

[0317] Instep S44, the probe control section 25 moves the
transducer in the longer axis direction of the blood vessel
(y-axis direction) by a certain distance while causing the
transducer to generate an ultrasonic wave.

[0318] Instep S45, the probe control section 25 determines
whether or not the transducer 30 has reached the end position.
When the transducer 30 has not reached the end position, the
processing returns to step S40. When the transducer 30 has
reached the end position, the processing is finished.

[0319] By the processing of steps S40 through S42, the
adjustment is made such that the ultrasonic wave is incident
onthe blood vessel perpendicularly. Also by the processing of
steps S31 through S33 described above, the position of the
transducer 30 at which the reflection intensity is maximum is
specified as the central position, and the elasticity character-
istic of the blood vessel 3 is measured at the central position.
Therefore, the distortion of the blood vessel can be accurately
measured, and the elasticity characteristic can be accurately
measured.

[0320] In the above-described processing procedure, the
transducer 30 is first swung like a pendulum to adjust the
ultrasonic wave to be incident on the blood vessel perpen-
dicularly, and then the transducer 30 is moved in the longer
axis direction of the blood vessel. This order is merely an
example. For example, while being moved in the longer axis
direction of the blood vessel, the transducer 30 may be swung
like a pendulum at each position to adjust the ultrasonic wave
to be incident on the blood vessel perpendicularly.

[0321] In Embodiments 3 and 4, the position (central posi-
tion) of the transducer 30 at which the reflection intensity is
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maximum is specified, and the elasticity characteristic of the
blood vessel 3 is measured at the central position with the
reason that the acoustic line from this position passes the
center of the cross-section of the blood vessel 3 along the
shorter axis.

[0322] Alternatively, methods which do not directly use the
reflection intensity are conceivable. For example, while being
generating an ultrasonic wave, the transducer is moved in the
x-axis direction for performing a scan and receives the
reflected wave. Based on each reflective wave, the thickness
distortion amount of the tissue of the blood vessel is measured
using the property value calculation section 32. Upon receiv-
ing the measurement results of the distortion amount, the
central position determination section 24 specifies the posi-
tion in the length direction of the transducer 30 at which the
distortion amount is maximum. It is considered that when the
distortion amount is maximum, the acoustic line passes the
center of the cross-section of the blood vessel 3 along the
shorter axis. The reason for this is as follows. The thickness
distortion gradually decreases from the center to the end of
the cross-section, and accordingly, the reflection intensity at
the top and bottom surfaces of the thickness also decreases. At
the end ofthe blood vessel, the ultrasonic wave is not reflected
at the top surface or the bottom surface of the thickness. It is
considered that in a range, including the center, in which the
reflection intensity at the top and bottom surfaces of the
thickness is sufficient, the thickness distortion caused by the
acoustic line passing the center is maximum. For this reason,
the position specified by the above-described processing is
the central position. The property value calculation section 32
can measure the elasticity characteristic of the blood vessel 3
at the central position.

[0323] The processing procedure of the above-described
method for measuring the thickness distortion of the tissue of
the blood vessel is the same as the processing procedure in
Embodiment 3 except for, for example, steps S33 and 34 in
FIG. 29. Specifically, instead of step S33 in FIG. 29, the
property value calculation section 32 measures the distortion
of the tissue of the blood vessel. Instead of step S34, the
central position determination section 24 specifies the posi-
tion at which the distortion of the tissue of the blood vessel is
maximum as the central position, and the property value
calculation section 32 measures the elasticity characteristic of
the blood vessel 3 based on the reflected ultrasonic wave
received at the central position.

[0324] As a result, in step S35, the elasticity characteristic
at the central position is displayed. After the central position
is specified, the ultrasonic wave may be transmitted and
received again, or the elasticity characteristic may be mea-
sured based on the wave already received. This processing is
explained regarding Embodiment 3, but is also applicable to
Embodiment 4.

[0325] InEmbodiments 3 and 4, the transducer 30 is moved
within the ultrasonic probe 13 by a so-called rack and pinion
system, but this is merely an example. Alternatively, the
movement and the rotation of the case 50 and the transducer
30 may be controlled by coupling the motor 111 and/or the
motor 113 with the case 50 by a belt and winding or advancing
the belt by the rotation of the motor(s). The type of the motor,
which is the driving device, is arbitrary, and for example, a
linear motor or a voice coil motor may be usable. It would be
easy for a person of ordinary skill in the art to change the
structure of the ultrasonic probe 13 for moving the transducer
30 in accordance with the driving system of the motor used.
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[0326] A switch (not shown) may be provided in the probe
or the main body of the ultrasonic diagnostic apparatus, so
that the transducer is switched either to, or not to, move and/or
rotate the transducer within the ultrasonic probe. The reason
why this is possible is that an operator skilled in using the
probe, upon looking at a displayed image of the elasticity
characteristic, could easily determine whether the measure-
ment results of the elasticity characteristic are correct or not,
namely, whether the probe is appropriately located and the
elasticity characteristic of the blood vessel is measured at the
center of the cross-section of the blood vessel or not. Since the
ultrasonic diagnostic apparatus can be switched either to, or
not to, execute the processing of making a determination on
the central position, the ultrasonic diagnostic apparatus can
be operated in accordance with the level of skill of the user,
which improves the convenience of the ultrasonic diagnostic
apparatus.

[0327] Among the different types of processing of specify-
ing the central position described above with reference to
FIG. 28 and FIG. 32, the processing of obtaining the reflec-
tion intensity by moving the transducer 30 is applicable to
measure other parameters, for example, the shape or the
diameter of the blood vessel 3. This means that the central
position of the blood vessel can be measured also based on the
measured shape thereof. For using this type of processing to
measure the shape of the blood vessel 3, data on the shapes of
a plurality of cross-sections is accumulated along the longer
axis of the blood vessel 3 to obtain shape data. The shape data
may include a thickness change of the front wall of the blood
vessel 3, which is caused by the heartbeat. The processing of
measuring the diameter of the blood vessel 3 is executed by
calculating a difference between the reflected wave from the
wall of the blood vessel 3 which is closer to the ultrasonic
probe 13 located at the central position described above, and
the reflected wave from the wall of the blood vessel 3 which
is farther from the ultrasonic probe 13 located at the central
position. The above-described processing of obtaining the
reflection intensities may be pre-executed when the ultra-
sonic probe 13 is applied to the body surface of the test
subject. In this way, subsequent processing can be executed
quickly.

Embodiment 5

[0328] Hereinafter, an ultrasonic diagnostic apparatus in
Embodiment 5 according to the present invention will be
described. FIG. 34 is a block diagram showing a structure of
an ultrasonic diagnostic apparatus 401 according to the
present invention.

[0329] The ultrasonic diagnostic apparatus 401 includes a
receiving section 312, a transmission section 313, a delay
time control section 314, a phase detection section 315, a
calculation section 316, a tomogram generation section 317,
a measurement position determination section 318, an image
synthesis section 319, and a probe control section 325. The
ultrasonic diagnostic apparatus 401 also includes a user inter-
face 324 for allowing the user to issue an instruction to the
ultrasonic diagnostic apparatus 401 and a control section 323
formed of a microcomputer or the like for controlling these
elements based on the instruction from the user interface 324.

[0330] The elements shown in FIG. 34 do not need to be
formed of independent hardware. For example, the phase
detection section 315, the calculation section 316, the mea-
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surement position determination section 318 and the like may
be formed of a microcomputer and software for realizing a
function of thereof.

[0331] The ultrasonic diagnostic apparatus 401 is con-
nected to an ultrasonic probe 311 for transmitting and receiv-
ing an ultrasonic wave and a display section 320 for display-
ing the measurement results. The ultrasonic probe 311 and the
display section 320 may be included in the ultrasonic diag-
nostic apparatus 401 or may be a general-purpose ultrasonic
probe and a general-purpose display section. Needless to say,
the ultrasonic probe 311 may be an ultrasonic probe included
in the ultrasonic diagnostic apparatus in any of Embodiments
1 through 4. For the display section 320, a monitor used for a
personal computer or the like is preferably usable, for
example.

[0332] As described above, the ultrasonic probe 311
includes a plurality of transducer elements arranged one-
dimensionally. Each of the transducer elements is formed of,
for example, a piezoelectric element. An ultrasonic wave is
transmitted by driving the piezoelectric element, and the
piezoelectric element which has received an ultrasonic wave
converts the ultrasonic wave into an electric signal. In the
ultrasonic probe 311, the transducer for transmitting and
receiving the ultrasonic wave is movable in a direction per-
pendicular to the direction in which the transducer elements
are arranged. Such a probe (ultrasonic probe) 311 is known as
a “mechanical 3D probe”.

[0333] Portion (a)and (b) of FIG. 35 each show an example
of the mechanical 3D probe. These mechanical 3D probes
have a similar structure to that of the ultrasonic probe
described in the above embodiments. In these figures, trans-
ducer elements in a transducer 311a are arranged one-dimen-
sionally in a depth direction of the sheet of the figures. The
transducer 311q is supported by a support section 3115. As
represented in portion (a) of FIG. 35 with the arrow, the
transducer 311a is moved in a direction perpendicular to the
arranging direction of the transducer elements by the support
section 3115 driven by a driving mechanism such as a motor
or the like. Alternatively, as shown in portion (b) of FIG. 35,
the support section 3115 may be rotatably supported by a
shaft 311c¢ parallel to the arranging direction of the transducer
elements of the transducer 311a, and may be driven by the
driving mechanism to rotate around the shaft 311c¢ as repre-
sented with the arrows.

[0334] As the ultrasonic probe 311, a 2D array probe may
beused. In this case, among a plurality of transducer elements
arranged two-dimensionally, the transducer elements
arranged in a line in one direction are used to scan the mea-
surement area. By changing the line used for performing the
scan, the plurality of transducer elements for transmitting and
receiving the ultrasonic wave can be moved in a direction
perpendicular to the line used for performing the scan. This
function of the 2D array probe is realized by the transducer
elements selected to be driven. Therefore, the function of the
probe control section 325 described later in detail is included
in the transmission section 313 and the delay time control
section 314.

[0335] As described later, the probe control section 325
controls the position of the transducer 3114 in the direction
perpendicular to the arranging direction of the transducer
311a based on an instruction from the measurement position
determination section 318.

[0336] Upon receiving an instruction from the control sec-
tion 323, the transmission section 313 generates a high pres-

Sep. 19, 2013

sure transmission signal for driving the ultrasonic probe 311
at a specified timing. The ultrasonic probe 311 converts the
transmission signal generated by the transmission section 313
into an ultrasonic wave and irradiates the test subject with the
ultrasonic wave. As described later in detail, the transmission
section 313 drives the ultrasonic probe 311 such that a first
transmission wave and a second transmission wave are trans-
mitted from the ultrasonic probe 311. The first transmission
wave is used to determine the moving direction of the blood
vessel wall included in the test subject, and the second trans-
mission wave is used to calculate the shape value of the blood
vessel wall and also calculate the property value thereof.
Preferably, the transmission section 313 further generates a
transmission wave for generating a tomogram (B mode
image) of the measurement area. The transmission wave for
generating the tomogram may also be used as the first trans-
mission wave.

[0337] First and second reflected waves obtained by the
first and second transmission waves being reflected by the
inside of the test subject are each converted into an electric
signal using the ultrasonic probe 311 and amplified by the
receiving section 312. In this way, first and second receiving
signals are generated.

[0338] The delay time control section 314 controls the
transmission section 313 and the receiving section 312 to
select a piezoelectric element in the ultrasonic probe 311 and
adjust the timing to give a voltage to the piezoelectric ele-
ment. Thus, the delay time control section 314 controls a
deflection angle and the focal point of the acoustic line of each
of the first and second transmission waves. The delay time
control section 314 also controls a deflection angle and the
focal point of each of ultrasonic waves to be received as the
first and second reflected waves.

[0339] Owing to such operations of the transmission sec-
tion 313, the receiving section 312 and the delay time control
section 314, the first and second ultrasonic waves radiated
from the ultrasonic probe 311 scan the measurement area of
the test subject. Thus, the first and second receiving signals of
one frame are obtained. This scan is repeated a plurality of
times during one cardiac cycle of the test subject to obtain the
first and second receiving signals of a plurality of frames. For
example, the receiving signals of several tens of frames are
obtained.

[0340] The phase detection section 315 performs quadra-
ture detection of the second receiving signal. The calculation
section 316 includes a shape value calculation section 316a
and a property value calculation section 3165. The shape
value calculation section 3164 calculates the shape value of
the test subject based on the second receiving signal pro-
cessed with quadrature detection. Specifically, the shape
value calculation section 316a calculates, from the second
receiving signal, the motion velocities of the measurement
target positions which are set two-dimensionally in a region
of interest (ROI) set in the measurement area of the test
subject, and finds position change amounts from the motion
velocities. The property value calculation section 3165 finds
a distortion amount between measurement target positions or
between any two measurement target positions from the posi-
tion change amounts. The property value calculation section
3165 also receives information on the blood pressure of the
artery from a sphygmomanometer 321, and finds the elastic-
ity characteristic from the distortion amount. A property
value representing the distortion amount, the elasticity char-
acteristic or the like is found for each target tissue interposed
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between the measurement target positions. Therefore, a two-
dimensional distribution of the property values in the region
of interest is found. The property value calculation section
31654 further generates a distribution signal suitable to image
display. The calculation by the calculation section 316 is
performed at each cardiac cycle using an electrocardio-
graphic waveform received from an electrocardiograph 322
as the trigger.

[0341] The tomogram generation section 317 includes, for
example, a filter, a logarithm amplifier, a detector and the like,
and generates, from the first receiving signal, a signal for B
mode image having luminance information corresponding to
the intensity (magnitude of the amplitude) of the first receiv-
ing signal.

[0342] The measurement position determination section
318 controls the probe control section 325 and thus measures
the intensity of the first receiving signal while changing the
position of the transducer at each cardiac cycle. The measure-
ment position determination section 318 also estimates the
position change of the axis of the blood vessel during one
cardiac cycle based on the measured intensity of the receiving
signal. Then, the measurement position determination section
318 controls the probe control section 325 such that the posi-
tion of the transducer 311a is changed so as to match the
estimated position change.

[0343] The measurement position determination section
318 may receive the first receiving signal output from the
delay time control section 314 and find the signal intensity of
the first receiving signal. Alternatively, the tomogram genera-
tion section 317, upon receiving the first receiving signal,
may obtain amplitude information on the first receiving signal
and output the amplitude information to the measurement
position determination section 318. In the case where the first
transmission wave is a transmission wave for atomogram, the
measurement position determination section 318 receives the
amplitude information on the receiving signal obtained by the
tomogram generation section 317.

[0344] Theimage synthesis section 319 generates an image
signal in which the tomogram of the measurement area pro-
vided by the signal for B mode image generated by the tomo-
gram generation section 317 and the two-dimensional prop-
erty value distribution image provided by the distribution
signal generated by the property value calculation section
3166 of the calculation section 316 are superimposed, and
outputs the image signal to the display section 320. Based on
the image signal, the display section 320 displays the image.
[0345] Now, an operation of the ultrasonic diagnostic appa-
ratus 401 will be described in detail. First, a method for
estimating the position change of the axis of the blood vessel
will be described. Portion (a) of FIG. 36 schematically shows
the locations of the ultrasonic probe 311 and a blood vessel
351 for analyzing the motion of the blood vessel 351 using the
ultrasonic diagnostic apparatus in this embodiment. As
shown in portion (a) of FIG. 36, the transducer elements of the
transducer 311a are arranged perpendicular to the sheet of the
figure. The ultrasonic probe 311 is contacted to the test sub-
ject such that the axis of the blood vessel 351 is located
perpendicular to the arranging direction of the transducer
elements of the transducer 311a. In portion (a) of FIG. 36,
arrows a through e each represent the position of an acoustic
line of an ultrasonic beam which can be transmitted by the
transducer 311a while the support section 3115 is moved. In
the case where, as represented with arrow D in portion (a) of
FIG. 36, the blood vessel 351 is deviated sideways to a posi-
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tion represented by the dashed line 351' at the maximum
during one cardiac cycle, the position of the acoustic line of
the ultrasonic beam transmitted from the transducer 311a is
moved from c to e in accordance with the movement of the
blood vessel 351. Owing to this, the ultrasonic beam can be
transmitted from the ultrasonic probe 311 such that the ultra-
sonic beam always passes the axis 351a of the blood vessel
351, and the reflected wave can be received by the ultrasonic
probe 311.

[0346] In the case where the test subject is still, it is con-
sidered that the sideway deviation of the blood vessel 351
matches one cardiac cycle as described above. Therefore, the
position change of the axis 351a of the blood vessel 351
during one cardiac cycle is estimated and the position of the
acoustic line of the ultrasonic beam to be transmitted from the
transducer 311a is changed so as to match the estimated
position change. In this way, the influence of the sideway
deviation of the blood vessel can be suppressed, the motion of
the blood vessel wall can be accurately analyzed, and the
elasticity characteristic distribution of the blood vessel wall
can be accurately found.

[0347] The position ofthe axis 3154 of the blood vessel 351
can be estimated by measuring the receiving intensity of the
reflected wave. Portion (b) of FIG. 36 is a graph showing the
relationship between the intensity of the reflected wave and
the position of the acoustic line of the ultrasonic beam, the
relationship being obtained when the ultrasonic beam is
transmitted along a cross-section perpendicular to the axis of
the blood vessel 351. Above the graph, the cross-section of
the blood vessel 351 is schematically shown.

[0348] The blood vessel 351 has a tubular shape surround-
ing the axis 351a as the center. Therefore, the angle of reflec-
tion of ultrasonic wave by the border between an extravascu-
lar tissue and the adventitia of the blood vessel wall or by the
border between the intima of the blood vessel wall and the
blood flow is equal to the angle of incidence of the ultrasonic
wave with respect to the radial direction (the direction of the
line perpendicular to the tangential line). Accordingly, as the
direction of the acoustic line is closer to the radial direction,
the detected intensity of the reflected wave is higher. As the
angle made by the direction of the acoustic line and the radial
direction is closer to 90 degrees, the detected intensity of the
reflected wave is lower. For example, as shown in portion (b)
of FIG. 36, when the ultrasonic beam having an acoustic line
L1 passing the axis of the blood vessel 351 is transmitted, the
intensity of the reflected wave of the ultrasonic wave having
the acoustic line L1 is highest. By contrast, angle 6 made by
an acoustic line L2 and the radial direction is not small, and so
the intensity of the reflected wave is low. In this manner, as
shown in portion (b) of FIG. 36, the intensity of the reflected
wave is highest when the ultrasonic beam passes the axis of
the blood vessel 351 and decreases as the ultrasonic beam
becomes farther from the position of the axis.

[0349] Using this relationship, the following can be esti-
mated. In the case where the blood vessel 351 is not deviated
sideways, when an ultrasonic wave is transmitted while the
position of the transducer 311« is changed within the ultra-
sonic probe 311 as shown in portion (a) of FIG. 36 and the
intensity of the reflected wave is measured, the axis of the
blood vessel is located on the acoustic line providing the
strongest reflected wave or in the vicinity thereof.

[0350] In the case where the blood vessel 351 is deviated
sideways, while the position of the transducer 311a is
changed, the axis of the blood vessel may be moved. How-
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ever, since the sideway deviation of the blood vessel has a
cycle matching the cardiac cycle, the position change of the
axis of the blood vessel during one cardiac cycle is the same
in all the cardiac cycles. Namely, the position of the axis after
a prescribed time period from the start of the cardiac cycle is
the same in all the cardiac cycles. Using this, the reflection
intensity at all the positions of a through e can be obtained at
an arbitrary time during one cardiac cycle by transmitting and
receiving an ultrasonic wave and measuring the intensity of
the reflected wave while the position of the transducer 311a is
changed at each cardiac cycle as represented with, for
example, a through e in portion (b) of FIG. 36. Therefore, by
determining the position at which the reflection intensity is
strongest at each time during one cardiac cycle, the position
of the axis of the blood vessel at each time can be estimated,
and thus the position change of the axis of the blood vessel
during one cardiac cycle can be estimated. According to the
present invention, the position change of the axis of the blood
vessel during one cardiac cycle is estimated using this
method, and the elasticity characteristic is measured using the
information on the estimates position.

[0351] Now, with reference to FIG. 34, portion (a) of FIG.
36, FIGS. 37, 38 and 39, a procedure of measuring the elas-
ticity characteristic using the ultrasonic diagnostic apparatus
401 will be described in detail.

[0352] As shown in FIG. 37, first, while the position of the
transducer is changed at each cardiac cycle, the intensity of
the reflected wave is measured (step S101). As shown in
portion (a) of FIG. 36, the distance by which the transducer
311a is to be moved is determined in accordance with the
moving distance of the blood vessel 351. Usually, the moving
distance of the sideways deviation of the blood vessel is about
several millimeters, and the moving distance of the transducer
311a is determined in accordance with a desired resolving
power. In the example of portion (a) of FIG. 36, the transducer
311a is moved to the five positions of a through e.

[0353] Portion (a) of FIG. 38 shows a position of the trans-
ducer 311q at each cardiac cycle. In the first cardiac cycle S1,
the position of the transducer 311a is fixed to the position a,
and the first transmission wave is transmitted. Each time the
cardiac cycle is changed to S2, S3, S4 and S5, the position of
the transducer 311a is moved to the positions b, ¢, d and e, and
the first transmission wave is transmitted. The movement of
the transducer 311a of the ultrasonic probe 311 to a pre-
scribed position is performed by the probe control section 325
based on a control signal output from the measurement posi-
tion determination section 318.

[0354] As described later, the elasticity characteristic is
found by obtaining a measurement value m times during one
cardiac cycle. Therefore, the position of the axis of the blood
vessel can be estimated with the resolving power of 1/m. In
one cardiac cycle, the period by which the measurement value
is obtained each of the m times is referred to as the “frame”.
For measuring the elasticity characteristic, the measurement
area is scanned by the second ultrasonic wave to obtain the
reflected wave frame by frame. The reflection intensity of the
reflected wave of the first transmission wave for estimating
the position change of the axis of the blood vessel is found
frame by frame in each cardiac cycle.

[0355] The first transmission wave may be any type of
ultrasonic wave as long as the reflection intensity is obtained.
The tomogram generation section 317 generates a signal
obtained by converting the amplitude of the receiving signal
into a luminance. Therefore, a transmission wave for a tomo-

Sep. 19, 2013

gram may be used as the first transmission wave, and the
measurement position determination section 318 may receive
the intensity information on the signal obtained from the
tomogram generation section 317. Alternatively, the mea-
surement position determination section 318 may receive the
receiving signal output from the delay time control section
314 and convert the receiving signal into the intensity infor-
mation on the receiving signal.

[0356] As shown in portion (a) of FIG. 36, at the start of
each cardiac cycle, the axis 351a of the blood vessel 351
matches the position c. When the axis 351q is deviated side-
ways by the maximum distance as represented with arrow D,
the axis 351a is moved to the position 351' represented with
the dashed line. At this point, the axis 351' of the blood vessel
matches the position e.

[0357] FIG. 39 is a graph in which the intensity of the
receiving signal of the reflected wave obtained in this manner
is plotted with respect to the frame. Since the intensity of the
receiving signal is measured while the position of the trans-
ducer 311a is moved to a, b, ¢, d and e at each cardiac cycle,
the intensity of the receiving signal of the reflected wave at the
positions a, b, ¢, d and e is obtained in each frame. Data
obtained at each of the positions a, b, ¢, d and e of the
transducer 311a is represented as a curve. At each frame, the
maximum data is represented with a white circle.

[0358] The measurement position determination section
318 estimates the position change of the axis of the blood
vessel during one cardiac cycle from the reflection intensities
obtained in this manner (step S102). As described above, the
position of the transducer at which the reflection intensity is
highest is the position of the axis 351a of the blood vessel. As
shown in portion (a) of FIG. 36, in the first frame of each
cardiac cycle, i.e., in frame f1, the axis 315a of the blood
vessel 351 is at the position c. Therefore, the intensity of the
reflected wave obtained at the position ¢ is high as shown in
FIG. 39. As the time passes, namely, as the frame number
increases, the axis 351a moves to the position d and then to
the position e. Therefore, the position at which the intensity of
the reflected wave is highest also moves to the position d and
then to the position e. Then, the blood vessel 351 returns from
the position of the maximum sideway deviation to the original
position. Therefore, the position at which the reflection inten-
sity is highest also moves to the position d and then to the
position c.

[0359] Inthis manner, from FIG. 39, the position of the axis
351a of the blood vessel 351 can be estimated to change as c,
d, e, dand ¢ during one cardiac cycle. Accordingly, by moving
the transducer 311a so as to match this position change of the
axis 351a, the ultrasonic wave can be transmitted so as to
always pass the axis 351a of the blood vessel 351 even when
the blood vessel is deviated sideways.

[0360] Next, the transducer is moved so as to match the
estimated position change of the blood vessel, and the second
ultrasonic wave is received (step S103). Portion (b) of FIG. 38
shows positions to which the transducer 311a is to be moved
for transmitting the second ultrasonic wave. The transducer is
moved so as to match the position change of the axis 351a of
the blood vessel 351 determined based on FIG. 39. This
position change is repeated at each cardiac cycle.

[0361] For analyzing the motion of the blood vessel wall
and measuring the elasticity characteristic, the second trans-
mission wave is transmitted frame by frame to obtain the
second receiving signal. Therefore, as shown in portion (¢) of
FIG. 38, the second transmission wave W2 is transmitted
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frame by frame. Preferably, a transmission wave W0 for a
tomogram is also transmitted frame by frame in order to
obtain a tomogram frame by frame.

[0362] In this manner, while the transducer 311a is moved
in a direction perpendicular to the arranging direction of the
plurality oftransducer elements thereof, the plurality of trans-
ducer elements are driven in the arranging direction to scan
the measurement area with the second transmission wave.
Thus, even where the blood vessel is deviated sideways, tis-
sues of the blood vessel wall can be traced by the transmission
waves transmitted from the same transducer.

[0363] Now, a method for finding the shape value and the
property value from the second receiving signal obtained by
receiving the second transmission wave will be described.
FIG. 40 schematically shows an ultrasonic beam propagating
in the tissue of the biological body. FIG. 40 is similar to FIG.
4, but is provided here to show the relationship between the
ultrasonic probe 311, the transducer 311a and the like with
the transmission ultrasonic wave in this embodiment.

[0364] As shown in FIG. 40, a plurality of measurement
target positions P, (P,,, P,, P5, P, ... P,;; nis a natural number
of 3 or greater) on the blood vessel wall 351 (front wall)
located on an acoustic line L are arranged at a certain interval
and sequentially numbered as P, P,, P;, P,, . . . P, from the
one closest to the ultrasonic probe 311. It is assumed that a
coordinate axis in which a top portion of FIG. 40 has positive
values and a bottom portion of FIG. 40 has negative values is
provided in a depth direction, and the measurement target
positions P, P,, P5, P,, . . . P, respectively have coordinates
2,,72,, 25,7, ...7, With this assumption, an ultrasonic
wave reflected at the measurement target position P, is
located at t,=27,/c on the time axis. Herein, ¢ represents the
sonic velocity of the ultrasonic wave in the tissue of the
biological body. The reflected wave signal r(t) is phase-de-
tected by the phase detection section 315. The detected signal
is separated into a real part signal and an imaginary part
signal, and input to the calculation section 316. The measure-
ment target positions P, are set in the tissue of the blood vessel
wall at a time usable as the reference of one cardiac cycle, for
example, at the time when the blood vessel wall is most
contracted. These positions P,, move on the acoustic line L as
the blood vessel wall expands and contracts, and return to the
original positions at the reference time in the next cardiac
cycle.

[0365] As described above, the acoustic line L. moves per-
pendicular to the arranging direction of the transducer 311a
(x direction) so as to match to the position change of the axis
caused by the sideway deviation of the blood vessel. There-
fore, the measurement target positions P, set at the reference
time are always on the acoustic line L.

[0366] The calculation section 316 finds the position
change amount by the shape value calculation section 316a
from the phase-detected signal, and sequentially finds the
thickness change amount and the maximum and minimum
values of the thickness change amount by the property value
calculation section 3165. Specifically, the shape value calcu-
lation section 316a finds a phase difference between the
reflected wave signal r(t) and a reflected wave signal r(t+At)
obtained a tiny time period At later, such that the alignment
error of the waveforms between these reflected wave signals
r(t) and r(t+At) is minimum, by the least squares method with
a constraint that the amplitude is not changed and only the
phase and the reflection position are changed between these
reflected wave signals (constrained least squares method).
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From the phase difference, the shape value calculation sec-
tion 316a finds the motion velocity V, (t) of the measurement
target position P,, and further integrates the motion velocity
V(1) to find the position change amount d, (t).
[0367] FIG. 41 schematically shows the relationship
between the measurement target position P, and the target
tissue T, , the elasticity characteristic of which is to be found.
The target tissue T, with a thickness h is located between the
measurement target positions P, and P,,, adjacent to each
other. In this embodiment, (n—1) pieces of target tissues T} . .
.T,_, are defined by n pieces of measurement target positions
1...P,.
[0368] The property value calculation section 3165 finds
the thickness change amount D,(t) from the position change
amounts d,(t) and d, , (t) of the measurement target positions
P, and P, using the relationship of D,=d,(t)-d,.,(t).
[0369] The property value calculation section 3165 also
finds the maximum and minimum values of the thickness
change amount. The thickness change of the tissue T, of the
blood vessel front wall is caused by the blood flowing in the
blood vessel formed of the blood vessel front wall being
changed by the heartbeat. Therefore, the elasticity character-
istic which represents the stiffness of the blood vessel of the
target tissue T, can be represented by the following expres-
sion, using the maximum value H, of the thickness of the
target tissue T, (the value at the minimum blood pressure), a
difference Ah, between the maximum value and the minimum
value of the thickness change amount D,(t) of the target
tissue, and a pulse pressure Ap as a difference between the
minimum blood pressure and the maximum blood pressure.
The minimum blood pressure and the maximum blood pres-
sure are received from the sphygmomanometer 321.

E=Ap/(Aly/Hy)

[0370] Intheabove description, the elasticity characteristic
of the target tissue T,, between the measurement target posi-
tions adjacent to each other is found. For finding the elasticity
characteristic, any two positions among the plurality of mea-
surement target positions may be selected. In this case, the
elasticity characteristic can be calculated in a similar manner
using the maximum value of the thickness between the
selected two positions and the difference between the maxi-
mum value and the minimum value of the change amount of
the thickness between the selected two positions.

[0371] Inthis manner, a plurality of target tissues T,, are set
on the acoustic line of the second transmission wave, and the
elasticity characteristic thereof is calculated. A plurality of
second transmission waves are transmitted in the axial direc-
tion of the blood vessel wall 351 so as to scan the measure-
ment area. Therefore, the elasticity characteristic is found
two-dimensionally in the measurement area.

[0372] FIG. 42 shows an example of an image displayed on
the display section 320. On the screen of the display section
320, a tomogram 354 including the blood vessel 351 gener-
ated by the tomogram generation section 317 is shown. The
tomogram 354 also includes an extravascular tissue 352 and a
blood vessel lumen 353.

[0373] The tomogram 354 includes a region of interest 356
specifying an area, the elasticity characteristic of which is to
be found. Any area can be specified as the region of interest
356 by the user using the user interface 324.

[0374] A two-dimensional distribution image 355 of the
found elasticity characteristic is displayed on the screen as
being superimposed on the tomogram 354. The two-dimen-
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sional distribution image 355 is displayed with color tones or
gradation levels suitable to the values of the elasticity char-
acteristic. A bar 357 representing the correspondence
between the value of the elasticity characteristic and color
tones or the gradation levels is also displayed on the screen. A
numerical value 358 such as an average value, a standard
deviation or the like of the elasticity characteristic may be
displayed.

[0375] As described above, with the ultrasonic diagnostic
apparatus in this embodiment, the measurement position
determination section controls the probe control section and
thus measures the intensity of the first receiving signal while
changing the position of the transducer at each cardiac cycle.
Based on the measured intensity, the measurement position
determination section estimates the position change of the
axis of the blood vessel during one cardiac cycle and controls
the probe control section such that the position of the trans-
ducer changes so as to match the estimated position change.
Therefore, according to the ultrasonic diagnostic apparatus in
this embodiment, even where the blood vessel is translated in
parallel to the axis thereof, generation of a measurement error
caused by the movement of the blood vessel can be sup-
pressed with a relatively simple circuit configuration with no
need to analyze the movement of the blood vessel three-
dimensionally and an accurate elasticity characteristic can be
found.

Embodiment 6

[0376] Hereinafter, an ultrasonic diagnostic apparatus in
Embodiment 6 according to the present invention will be
described. FIG. 43 is a block diagram showing a structure of
an ultrasonic diagnostic apparatus 402 according to the
present invention.

[0377] Unlike in Embodiment 5, the ultrasonic diagnostic
apparatus 402 includes a moving direction determination sec-
tion 327 instead of the measurement position determination
section 318 in Embodiment 5.

[0378] InEmbodiment 5, the position change of the axis of
the blood vessel is first estimated by measuring the intensity
of the reflected wave while moving the transducer of the
ultrasonic probe, and the measurement is performed after the
transducer is moved so as to match the estimated position
change. By contrast, in this embodiment, the measurement is
performed while the moving direction of the axis of the blood
vessel is searched for in real time.

[0379] FIG. 44 shows a reflection intensity distribution of
the ultrasonic wave transmitted toward the blood vessel. As
described above with reference to portion (b) of FIG. 36,
when an ultrasonic wave is transmitted along a cross-section
perpendicular to the axis of the blood vessel and the intensity
ofthe reflected wave is measured, the intensity of the reflected
wave of the ultrasonic beam having an acoustic line passing
the axis is highest, and the intensity of the reflected wave
decreases as the acoustic line becomes farther from the axis.
In FIG. 44, the highest intensity 10 is obtained at a position i,
and the axis of the blood vessel is located at the position i.
[0380] In the case where the blood vessel is deviated side-
ways and the axis moves, there are only two moving direc-
tions along the cross-section perpendicular to the axis of the
blood vessel. For example, it is assumed that the axis moves
in a negative direction in FIG. 44 and the axis of the blood
vessel moves to a position h. When an ultrasonic wave is
transmitted to the post-movement blood vessel and the inten-
sity of the reflected wave is measured, the reflection intensity
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shows the distribution represented with the dashed line. When
an ultrasonic wave is transmitted at the position and the inten-
sity of the reflected wave is measured after the blood vessel is
moved, the intensity decreases to 1. The reason for this is that
the axis of the blood vessel has been moved and is not on the
position 1 anymore.

[0381] At this point, the position of the acoustic line of the
ultrasonic beam is changed, and an ultrasonic wave is trans-
mitted again and the intensity of the reflected wave is mea-
sured. In the case where the moving direction of the blood
vessel matches the direction in which the position of the
acoustic line is changed for the second transmission of the
ultrasonic wave, the intensity of the reflected wave obtained
from the second transmission is higher than the reflected
strength I1 obtained at the first measurement after the move-
ment of the blood vessel. The reason for this is that by moving
the position of the acoustic line for the second transmission,
the position is made closer to the position of the axis of the
post-movement blood vessel. For example, when an ultra-
sonic wave is transmitted for the second time at the position h,
the intensity of the reflected wave is 10, which is higher than
11.

[0382] By contrast, in the case where the moving direction
of the blood vessel is opposite to the direction in which the
position of the acoustic line is changed for the second trans-
mission of the ultrasonic wave, the intensity of the reflected
wave obtained from the second transmission is lower than the
reflected strength 11 obtained at the first measurement after
the movement of the blood vessel. The reason for this is that
by moving the position of the acoustic line for the second
transmission, the position is made farther from the position of
the axis of the post-movement blood vessel. For example,
when an ultrasonic wave is transmitted for the second time at
a position j, the intensity of the reflected wave is 12, which is
lower than I1.

[0383] Accordingly, the intensity of the reflected wave is
monitored; and when the intensity is decreased to a value
equal to or lower than a prescribed value, it is regarded that the
blood vessel has been moved and the position of the trans-
ducer is moved in either direction. In the case where the
moving direction of the transducer matches the moving direc-
tion of the blood vessel, the match can be confirmed because
the reflection intensity increases. When the reflection inten-
sity further decreases, it is understood that the moving direc-
tion of the transducer is opposite to the moving direction of
the blood vessel.

[0384] The movement of the blood vessel matches one
cardiac cycle. Therefore, when the moving direction of the
transducer is opposite to the moving direction of the blood
vessel, the measurement in that cardiac cycle is finished. At
the next cardiac cycle, the transducer is moved in the opposite
direction from the direction in the immediately previous
cycle. As shown in FIG. 51, the blood vessel moves in one
direction from the start of the cardiac cycle. The moving
direction is inverted at the position farthest from the initial
position, and the blood vessel returns to the original position.

[0385] In order to realize such an operation, the moving
direction determination section 327 compares the intensity of
the first receiving signal in one frame with that of the imme-
diately previous frame on a frame-by-frame basis. When the
intensity is decreased to a value equal to or lower than a
prescribed value, the moving direction determination section
327 controls the probe control section 325 to move the trans-
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ducer 311a in a direction perpendicular to the arranging
direction of the transducer elements thereof.

[0386] When the moving direction determination section
327 controls the probe control section 325 to move the trans-
ducer 311a, the transmission section 313 drives the ultrasonic
probe 311 to transmit the first transmission wave for the
second time. The moving direction determination section 327
compares the intensity of the first receiving signal obtained
from the first transmission wave transmitted for the second
time, with the intensity of the first receiving signal obtained
from the first transmission wave transmitted for the first time.
In the case where the intensity does not increase, the moving
direction of the transducer is opposite to the moving direction
of the blood vessel. Therefore, the moving direction determi-
nation section 327 outputs a signal to the control section 323
to finish the measurement in that cardiac cycle. The moving
direction determination section 327 also stores the moving
direction of the transducer. When the measurement in the
immediately previous cardiac cycle is finished in the middle,
the moving direction determination section 327 determines
the moving direction of the transducer such that the trans-
ducer moves in the opposite direction to the moving direction
in the immediately previous cardiac cycle.

[0387] Now, with reference to FIG. 45 and FIG. 46, an
operation of the ultrasonic diagnostic apparatus 402 will be
described in more detail. FIG. 45 shows timing of the trans-
mission wave transmitted from the transmission section 313.
FIG. 46 is a flowchart showing the operation of the ultrasonic
diagnostic apparatus 402.

[0388] AsshowninFIG.45,in the first frame of one cardiac
cycle, a first transmission wave W1 for monitoring the posi-
tion of the blood vessel is output, and then a image generation
transmission wave W0 for generating a tomogram and a sec-
ond transmission wave W2 for analyzing the motion of each
of tissues in the measurement area and finding the elasticity
characteristic are output. In the second and later frames, the
first transmission wave W1 is output, and time t later, the first
transmission wave W1'is output again. Time t' after the output
ofthe transmission wave W1', the image generation transmis-
sion wave W0 and the second transmission wave W2 are
output. The first transmission wave W1' output for the second
time is used in the second and later frames in the case where
the intensity of the reflected wave is lower than that in the
immediately previous frame. Therefore, the first transmission
wave W1' may be output for the second time only when the
intensity of the reflected wave is decreased. However, even
when the first transmission wave W1' is not output, it is
preferable that the timing to output the image generation
transmission wave W0 and the timing to output the second
transmission wave W2 are the same in all the frames.

[0389] First, asaninitial state, the position of the transducer
311a is preset such that the acoustic line of the ultrasonic
wave transmitted from the transducer 311a is located on the
axis of the blood vessel 351 or in the vicinity thereof. For
example, as in Embodiment 5, the ultrasonic wave may be
transmitted at the start of each cardiac cycle while the position
of the transducer is changed at each cardiac cycle, and the
reflection intensity may be measured. In this way, the position
of the axis of the blood vessel at the start of the cardiac cycle
can be determined.

[0390] As shown in FIG. 46, at the start of the measure-
ment, the ultrasonic diagnostic apparatus 402 first performs a
measurement in the first frame (step S201). Specifically, the
first transmission wave W1, the image generation transmis-
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sion wave W0 and the second transmission wave W2 are
transmitted from the ultrasonic probe 311, and the respective
receiving signals are obtained.

[0391] Next, the first transmission wave W1 of the second
frame (u=2) is transmitted from the ultrasonic probe 311, and
areceiving signal is obtained (step S202). The intensity of the
receiving signal of the reflected wave obtained from the first
transmission wave W1 in the first frame is compared with that
in the second frame (step S203). When the intensity is
decreased to a value equal to or lower than a prescribed value
(YES in step S204), this means that the axis of the blood
vessel has been moved and the acoustic line of the ultrasonic
wave is deviated from the axis. Therefore, the transducer
311a is moved and the moving direction and the frame in
which the movement is performed are stored (step S205). In
the case where the measurement in the immediately previous
cardiac cycle is finished in the middle, the moving direction of
the transducer in the immediately previous cardiac cycle has
been stored. Therefore, the moving direction determination
section 327 instructs the probe control section 325 to move
the transducer in the opposite direction to the moving direc-
tion in the frame which is at substantially the same time as the
current frame.

[0392] Next, the first transmission wave W1' is transmitted
for the second time from the ultrasonic probe 311, and a
receiving signal is obtained (step S206). The intensity of the
receiving signal of the reflected wave obtained from the first
transmission wave W1 transmitted for the first time is com-
pared with the intensity of the receiving signal of the reflected
wave obtained from the first transmission wave W1' transmit-
ted for the second time (step S207). When the intensity is
increased to a value equal to or higher than a prescribed value
(NO in step S208), it is estimated that the moving direction of
the transducer 311a is opposite to the moving direction of the
blood vessel and so the movement of the blood vessel could
not be traced accurately. Therefore, the measurement in this
cardiac cycle is finished.

[0393] When the intensity of the receiving signal of the
reflected wave obtained from the first transmission wave W1
is not decreased to a value equal to or lower than the pre-
scribed value in the first frame or in the second frame (NO in
step S204), it is estimated that the blood vessel has not been
moved. Therefore, in the second frame, the image generation
transmission wave W0 and the second transmission wave W2
are transmitted from the ultrasonic probe 311 and the respec-
tive receiving signals are obtained (step S209).

[0394] Next, the frame number ofthe current frame is deter-
mined (step S210). When the current frame number u is equal
to or larger than the final frame number m of one cardiac
cycle, the measurement in this cardiac cycle is finished. When
u is smaller than m, the processing returns to step S202 with
u+1 being set as the new u. Then, the measurement is repeated
in the same procedure. In this manner, the movement of the
blood vessel can be traced in real time such that the acoustic
line of the ultrasonic wave to be transmitted is located on the
axis of the moving blood vessel or in the vicinity thereof.
Thus, the shape value and the property value of the blood
vessel wall can be accurately found.

[0395] InEmbodiments 5 and 6, as represented in FIG. 51
with arrow D, the axis of the blood vessel moves in a direction
perpendicular to the acoustic line L1. Alternatively, as repre-
sented with arrow D', the axis of the blood vessel may move
in the depth direction. In the case where the axis of the blood
vessel moves in the direction of arrow D', the motion of the
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axis of the blood vessel is separated into a component per-
pendicular to the acoustic line L1 and a component parallel to
the acoustic line L1. The component perpendicular to the
acoustic line L1 can be counteracted by changing the position
of the transducer as described above in Embodiments 5 and 6.
When the component in the perpendicular direction is coun-
teracted, the axis of the blood vessel moves on the acoustic
line L1, and so the target tissue is always on the acoustic line
L1. Therefore, the shape value and the property value of the
tissue of the blood vessel wall can be accurately found by the
measurement performed in the above-described procedure.
[0396] The control processing described above using, for
example, the flowcharts in the attached figures may be real-
ized by a program executable by a computer. Such a computer
program is distributed on the market as a product as being
stored on a recording medium such as a CD-ROM or the like,
or transferred via an electric communication line such as the
Internet or the like. A part or all of the elements included in the
ultrasonic diagnostic apparatus are realized as a general-pur-
pose processor (semiconductor circuit) for executing the
computer program, or as a dedicated processor having such a
computer program and a processor in an integrated form.

INDUSTRIAL APPLICABILITY

[0397] An ultrasonic diagnostic apparatus according to the
present invention is preferably usable for measuring a prop-
erty and a shape characteristic of a tissue of a biological body,
and is also suitable to accurately measure an elasticity char-
acteristic. The ultrasonic diagnostic apparatus according to
the present invention is also preferably usable to measure the
elasticity characteristic of a blood vessel wall in order to
discover an arteriosclerosis lesion or to prevent arteriosclero-
sis.

What is claimed is:

1. An ultrasonic diagnostic apparatus connectable to an
ultrasonic probe configured to transmit an ultrasonic wave
using a transducer including a plurality of transducer ele-
ments arranged in a length direction thereof and to receive the
ultrasonic wave reflected by a tissue of a biological body, the
ultrasonic diagnostic apparatus comprising:

atransmission section configured to cause the transducer to
transmit an ultrasonic wave in succession from different
positions along the length direction;

a receiving section configured to receive the ultrasonic
wave reflected by a blood vessel repeatedly using the
transducer to generate a plurality of receiving signals;

an intensity information generation section configured to
generate intensity information on a distribution of an
intensity of the reflected ultrasonic wave based on the
plurality of receiving signals; and

a determination section configured to specify a position
along the length direction at which the intensity of the
reflected ultrasonic wave is maximum, based on the
intensity information.

2. The ultrasonic diagnostic apparatus of claim 1, wherein:

the ultrasonic probe includes a driving device configured to
change a position of the transducer within the ultrasonic
probe;

the ultrasonic diagnostic apparatus further includes a probe
control section configured to control the driving device
to control a movement of the transducer based on the
position specified by the determination section to
change a position from which the transducer transmits
the ultrasonic wave.
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3. The ultrasonic diagnostic apparatus of claim 2, wherein
the transmission section causes the post-movement trans-
ducer to transmit an ultrasonic wave in succession from dif-
ferent positions along the length direction.

4. The ultrasonic diagnostic apparatus of claim 2, further
comprising a calculation section configured to transmit the
ultrasonic wave at the position specified by the determination
section and to calculate one of a property value and a shape
value of the blood vessel;

wherein after the calculation section measures one of the
property value and the shape value of the blood vessel at
the specified position, the probe control section controls
the driving device to move the transducer in a direction
which is perpendicular to a direction in which the ultra-
sonic wave is transmitted and is also perpendicular to the
length direction.

5. An ultrasonic diagnostic apparatus which is connectable

to an ultrasonic probe which includes a transducer having a
plurality of transducer elements arranged one-dimensionally
and which is configured to perform a measurement on a test
subject by contacting the ultrasonic probe to the test subject
including a blood vessel, the ultrasonic diagnostic apparatus
comprising;

a transmission section configured to drive the transducer of
the ultrasonic probe to transmit first and second trans-
mission waves to a measurement area of the test subject,
the measurement area including the blood vessel,

a probe control section configured to control a position of
the transducer in the direction perpendicular to the direc-
tion in which the transducer elements are arranged,

a receiving section configured to receive, using the ultra-
sonic probe, reflected waves respectively obtained by
the first and second transmission waves being reflected
by the test subject to generate first and second receiving
signals;

a measurement position determination section configured
to control the probe control section to measure an inten-
sity of the first receiving signal while changing the posi-
tion of the transducer at each cardiac cycle, to estimate a
position change of an axis of the artery during one car-
diac cycle based on the intensity, and to control the probe
control section such that the position of the transducer
changes so as to match the estimated position change;
and

a calculation section configured to calculate one of a prop-
erty value and a shape value of the test subject based on
the second receiving signal which is obtained by chang-
ing the position of the transducer so as to match the
estimated position change.

6. The ultrasonic diagnostic apparatus of claim 5, wherein
the transmission section sequentially drives the plurality of
transducer elements to transmit one frame of the second
receiving signal repeatedly for a plurality of frames in each
cardiac cycle each time the measurement area is scanned by
the second transmission wave, and transmits the first trans-
mission wave in each frame.

7. The ultrasonic diagnostic apparatus of claim 6, wherein
the measurement position determination section determines a
position of the transducer at which the first receiving signal
has a maximum value in each frame, and controls the probe
control section such that the position of the transducer
changes to match the determined position.

8. The ultrasonic diagnostic apparatus of claim 7, further
comprising a tomogram generation section configured to gen-
erate a signal for B mode image based on amplitude informa-
tion on the first receiving signal.
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