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(57) A transmission and reception control unit con-
trols transmission of an ultrasonic wave toward a blood
vessel and reception of a reflected wave. A setting unit
sets a signal range including a signal part for tracking
movement of blood vessel walls of the blood vessel due
to pulsation, and a signal waveform template in the signal
range, among received signals of the reflected waves
obtained at a first timing. Then, a detection unit detects
a second timing when a signal waveform of the signal
part corresponding to the signal range among the re-
ceived signals and the signal waveform template satisfy
predetermined equivalent conditions. A tracking unit
starts tracking at the second timing.
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Description
BACKGROUND

[0001] Asanexample of measuring biological informa-
tion with an ultrasonic measurement apparatus, the eval-
uation of a vascular function or the determination of a
vascular disease is performed. When a blood vessel is
to be measured in both cases, a change in a blood vessel
diameter due to pulsation is measured, that is, temporal
displacement of a blood vessel wall is measured by track-
ing the position of the blood vessel wall, in many cases.
A tracking technology for the displacement part is gen-
erally called "tracking".

[0002] Asa method of tracking, an echo tracking meth-
od based on an image acquired by ultrasonic wave trans-
mission and reception (for example, see JP-A-
2007-68731) or a phase difference tracking method
based on phase information of a received or transmitted
ultrasonic wave signal (for example, see JP-A-10-5226)
has been known.

[0003] Itis necessary to designate a part to be a track-
ing target before starting the tracking, in both cases using
any trackingmethod. However, according to the methods
of the related art, a desired part to be tracked and a part
to actually be tracked may be different.

[0004] This will be specifically described. For example,
it is assumed that an operator designates an image part
of a blood vessel wall as a tracking target while watching
a cross-sectional image of a biological body including a
blood vessel acquired by ultrasonic wave transmission
andreception, and performs an operation input of a track-
ing starting instruction. In this case, first, the blood vessel
wall is displaced due to pulsation, and accordingly, the
designation of the tracking target may be difficult. Next,
even when the image part of the blood vessel wall is
designated, a difference in time occurs until the tracking
is actually started, and therefore, the tracking may be
performed for animage part different from the designated
image part, as a target. These problems are particularly
generated in a case of designating a fine local part in the
blood vessel wall and measuring displacement of the lo-
cal part with high accuracy.

[0005] A method of storing the image obtained by the
ultrasonic wave transmission and reception as a moving
image and tracking the part afterward by playing back
the moving image using pause, has been considered,
however, it is difficult to use this method when tracking
in real time.

[0006] Regarding a reference beam and a related
beam among a plurality of ultrasonic wave beams, JP-
A-2007-68731 discloses a technology of diverting and
setting a position on the related beam corresponding to
a tracking point set on the reference beam, as a tracking
point, based on a correlation between echo signals. How-
ever, it is clear that the above-mentioned problems are
generated in the setting of the tracking point on the ref-
erence beam.
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[0007] The blood vessel diameter increases and de-
creases due to the pulsation. Accordingly, when the des-
ignation timing of the tracking target is in a period of the
large displacement of the blood vessel wall, the above-
mentioned problems are more significantly generated.

SUMMARY

[0008] A first aspect of the invention relates to an ul-
trasonic measurement apparatus including: a transmis-
sion and reception control unit which controls transmis-
sion of an ultrasonic wave toward a blood vessel and
reception of a reflected wave; a setting unit which sets a
signal range including a signal part for tracking move-
ment of blood vessel walls of the blood vessel due to
pulsation, and a signal waveform template in the signal
range, among received signals of the reflected waves
obtained at a first timing; a detection unit which detects
a second timing when a signal waveform of the signal
part corresponding to the signal range among the re-
ceived signals and the signal waveform template satisfy
predetermined equivalent conditions; and a tracking unit
which starts the tracking at the second timing.

[0009] A second aspect of the invention relates to an
ultrasonic measurementapparatus including: a transmis-
sion and reception unit which transmits an ultrasonic
wave toward a blood vessel and receives the reflected
ultrasonic wave as a reflected wave; a setting unit which
sets a signal range including a signal relating to move-
ment of blood vessel walls of the blood vessel, among
received signals of the reflected waves obtained at a first
timing; a detection unit which detects a timing when the
received signals of the reflected waves satisfying prede-
termined conditions with the signals included in the signal
range at the first timing are obtained, as a second timing;
and a tracking unit which starts tracking of blood vessel
walls of the blood vessel at the second timing.

[0010] A third aspect of the invention relates to an ul-
trasonic measurement apparatus including: a transmis-
sion and reception unit which transmits an ultrasonic
wave toward a blood vessel and receives the reflected
ultrasonic wave as a reflected wave; a timing detection
unit which detects a first timing corresponding to diastole
of the blood vessel; a setting unit which sets a signal
waveform template of a signal relating to movement of
blood vessel walls of the blood vessel, among received
signals of the reflected waves obtained at a first timing;
a detection unit which detects a timing when the signal
waveform and the signal waveform template of the signal
included in the received signals of the reflected waves
satisfy predetermined conditions and the received sig-
nals of the reflected waves are obtained, as a second
timing; and a tracking unit which starts tracking of blood
vessel walls of the blood vessel at the second timing.
[0011] A fourth aspect of the invention relates to an
ultrasonic measurementapparatus including: a transmis-
sion and reception control unit which controls transmis-
sion of an ultrasonic wave toward a blood vessel and
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reception of a reflected wave; a setting unit which sets a
signal waveform template showing a part of a blood ves-
sel wall of the blood vessel based on received signals of
the reflected waves; and a tracking starting control unit
which sets a tracking point based on a signal part con-
formable to the signal waveform template among the re-
ceived signals and starts tracking.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention will be described with reference
to the accompanying drawings, wherein like numbers ref-
erence like elements.

Fig. 1isadiagram showing an example of the system
configuration of an ultrasonic measurement appara-
tus of a first embodiment.

Figs. 2A to 2F are diagrams for illustrating a principle
of a first embodiment.

Figs. 3A to 3F are diagrams for illustrating a principle
of a first embodiment.

Fig. 4is a diagram showing afunctional configuration
example of an ultrasonic measurement apparatus of
a first embodiment.

Fig. 5 is a diagram showing a specific example of
setting of a signal range and a signal waveform tem-
plate.

Fig. 6 is a diagram showing a configuration example
of a storage unit of a first embodiment.

Fig. 7 is aflowchart showing a flow of a measurement
process of a first embodiment.

Fig. 8is adiagram showing an example of the system
configuration of an ultrasonic measurement appara-
tus of a second embodiment.

Figs. 9A to 9F are diagrams for illustrating a principle
of a second embodiment.

Figs. 10A to 10F are diagrams for illustrating a prin-
ciple of a second embodiment.

Fig. 11 is a diagram showing a functional configura-
tion example of an ultrasonic measurement appara-
tus of a second embodiment.

Fig. 12 is a diagram showing a specific example of
setting of a signal range and an average amplitude
reference value.

Fig. 13isadiagram showing a configuration example
of a storage unit of a second embodiment.

Fig. 14 is a flowchart showing a flow of a measure-
ment process of a second embodiment.

Fig. 15 is a diagram showing an example of the sys-
tem configuration of an ultrasonic measurement ap-
paratus of a third embodiment.

Figs. 16A to 16F are diagrams for illustrating a prin-
ciple of a third embodiment.

Figs. 17A to 17F are diagrams for illustrating a prin-
ciple of a third embodiment.

Fig. 18 is a flowchart showing an example of a flow
of a process of detecting a first timing.

Fig. 19 is a flowchart showing an example of a flow
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of a process of detecting a first timing.

Fig. 20 is a flowchart showing an example of a flow
of a process of detecting a first timing.

Fig. 21 is a flowchart showing an example of a flow
of a process of detecting a first timing.

Fig. 22 is a diagram showing a functional configura-
tion example of an ultrasonic measurement appara-
tus of a third embodiment.

Fig. 23 is a diagram showing a specific example of
setting of a signal range and a signal waveform tem-
plate.

Fig. 24 is adiagram showing a configuration example
of a storage unit of a third embodiment.

Fig. 25 is a flowchart showing a flow of a measure-
ment process of a third embodiment.

Fig. 26 is a diagram showing an example of the sys-
tem configuration of an ultrasonic measurement ap-
paratus of a fourth embodiment.

Figs. 27A to 27C are diagrams for schematically il-
lustrating reflected wave data.

Fig. 28 is a diagram for illustrating initial setting of a
tracking point.

Fig. 29 is a diagram showing a functional configura-
tion example of an ultrasonic measurement appara-
tus of a fourth embodiment.

Fig. 30 is a diagram showing a specific example of
setting of a signal waveform template.

Fig. 31is adiagram showing a configuration example
of a storage unit of a fourth embodiment.

Fig. 32 is a flowchart showing a flow of a measure-
ment process of a fourth embodiment.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0013] A first feature of the invention is directed to an
ultrasonic measurementapparatus including: a transmis-
sion and reception control unit which controls transmis-
sion of an ultrasonic wave toward a blood vessel and
reception of a reflected wave; a setting unit which sets a
signal range including a signal part for tracking move-
ment of blood vessel walls of the blood vessel due to
pulsation, and a signal waveform template in the signal
range, among received signals of the reflected waves
obtained at a first timing; a detection unit which detects
a second timing when a signal waveform of the signal
part corresponding to the signal range among the re-
ceived signals and the signal waveform template satisfy
predetermined equivalent conditions; and a tracking unit
which starts the tracking at the second timing.

[0014] As another feature of the invention, the first fea-
ture of the invention may be configured as an ultrasonic
measurement method including: controlling transmission
of anultrasonic wave toward a blood vessel and reception
of a reflected wave; setting a signal range including a
signal part for tracking movement of blood vessel walls
of the blood vessel due to pulsation, and a signal wave-
form template in the signal range, among received sig-
nals of the reflected waves obtained at a first timing; de-
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tecting a second timing when a signal waveform of the
signal part corresponding to the signal range among the
received signals and the signal waveform template sat-
isfy predetermined equivalent conditions; and starting
the tracking at the second timing.

[0015] According to the first feature of the invention
and the like, the signal range including the signal part for
tracking the movement of the blood vessel walls of the
blood vessel due to the pulsation, and the signal wave-
form template in the signal range are set among the re-
ceived signals of the reflected waves of the ultrasonic
waves transmitted toward the blood vessel. This setting
is performed based on the received signals obtained at
the first timing. Thus, the setting can be performed based
on the received signal at a certain time, as a still image,
and therefore it is possible to accurately set a desired
tracking target.

[0016] After the setting of the tracking target, the sec-
ond timing when the signal waveform of the signal part
corresponding to the set signal range and the set signal
waveform template among the received signals satisfy
the predetermined equivalent conditions, is detected.
The tracking is started at the second timing. Accordingly,
although there is a difference in time between the first
timing and the second timing, the part desired to be
tracked and the part to actually be tracked are not differ-
ent from each other.

[0017] A second feature of the invention is directed to
the ultrasonic measurement apparatus according to the
first feature of the invention, wherein the setting unit sets
a front wall signal range and a front wall signal waveform
template relating to a signal part of a front wall of the
blood vessel, and a rear wall signal range and a rear wall
signal waveform template relating to a signal part of a
rear wall, and the detection unit detects a timing when a
signal waveform of the signal part corresponding to the
front wall signal range and the front wall signal waveform
template satisfy the equivalent conditions and a signal
waveform of the signal part corresponding to the rear
wall signal range and the rear wall signal waveform tem-
plate satisfy the equivalent conditions, as the second tim-
ing.

[0018] According to the second feature of the inven-
tion, the technology of the first feature of the invention is
applied to the front wall and the rear wall of the blood
vessel, and the timing when the front wall satisfies the
equivalent conditions and the rear wall also satisfies the
equivalent conditions is set as the second timing. A dis-
placement amount of the front wall and a displacement
amount of the rear wall accompanied with the pulsation
may be different from each other depending on a blood
vessel to be subjected to ultrasonic measurement, a po-
sition to be measured, or a subject. However, even when
the displacement amount of one of the front wall and the
rear wall is small, the displacement amount of the other
one is great. Therefore, according to the second feature
of the invention, by applying the technology of the first
feature of the invention to the front wall and the rear wall,
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it is possible to improve accuracy of the coincidence of
the desired part to be tracked and the part to actually be
tracked.

[0019] A fourth feature of the invention is directed to
an ultrasonic measurement apparatus including: a trans-
mission and reception unit which transmits an ultrasonic
wave toward a blood vessel and receives the reflected
ultrasonic wave as a reflected wave; a setting unit which
sets a signal range including a signal relating to move-
ment of blood vessel walls of the blood vessel, among
received signals of the reflected waves obtained at a first
timing; a detection unit which detects a timing when the
received signals of the reflected waves satisfying prede-
termined conditions with the signals included in the signal
range at the first timing are obtained, as a second timing;
and a tracking unit which starts tracking of blood vessel
walls of the blood vessel at the second timing.

[0020] As another feature of the invention, the fourth
feature of the invention may be configured as an ultra-
sonic measurement method including: transmitting an ul-
trasonic wave toward a blood vessel and receiving the
reflected ultrasonic wave; setting a signal range including
a signal relating to movement of blood vessel walls of
the blood vessel, among received signals of the reflected
waves obtained at a first timing; detecting a timing when
the received signals of the reflected waves satisfying pre-
determined conditions with the signals included in the
signal range at the first timing are obtained, as a second
timing; and starting tracking of blood vessel walls of the
blood vessel at the second timing.

[0021] According to the fourth feature of the invention
and the like, the signalrange including the signal for track-
ing the movement of the blood vessel walls of the blood
vessel due to the pulsation is set among the received
signals of the reflected waves of the ultrasonic waves
transmitted toward the blood vessel. This setting is per-
formed based on the received signals obtained at the
first timing. Thus, the setting can be performed based on
the received signal at a certain time, as a stillimage, and
therefore itis possible to accurately set a desired tracking
target.

[0022] After the setting of the tracking target, the sec-
ond timing when the signal corresponding to the set sig-
nal range satisfies the predetermined conditions with the
signal in the signal range at the first timing, is detected.
The tracking is started at the second timing. Accordingly,
although there is a difference in time between the first
timing and the second timing, the part desired to be
tracked and the part to actually be tracked are not differ-
ent from each other.

[0023] A fifth feature of the invention is directed to the
ultrasonic measurement apparatus according to the
fourth of the invention, wherein the setting unit sets a
front wall signal range relating to a signal of a front wall
of the blood vessel and a rear wall signal range relating
to a signal of a rear wall, and the detection unit detects
a timing when the signal corresponding to the front wall
signal range satisfies the conditions and the signal cor-
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responding to the rear wall signal range satisfies the con-
ditions, as a second timing.

[0024] According to the fifth feature of the invention,
the technology of the fourth feature of the invention is
applied to the front wall and the rear wall of the blood
vessel, and the timing when the front wall satisfies the
conditions and the rear wall also satisfies the conditions
is set as the second timing. A displacement amount of
the front wall and a displacement amount of the rear wall
accompanied with the pulsation may be different from
each other depending on a blood vessel to be subjected
to ultrasonic measurement, a position to be measured,
or a subject. However, even when the displacement
amount of one of the front wall and the rear wall is small,
the displacement amount of the other oneis great. There-
fore, according to the second feature of the invention, by
applying the technology of the fourth feature of the in-
vention to the front wall and the rear wall, it is possible
to improve accuracy of the coincidence of the desired
part to be tracked and the part to actually be tracked.
[0025] A sixth feature of the invention is directed to the
ultrasonic measurement apparatus according to the
fourth feature of the invention, wherein the predeter-
mined conditions are conditions based on any one of a
total amplitude value, an average amplitude value, and
a mean amplitude value of the signals corresponding to
the signal ranges.

[0026] According to the sixth feature of the invention,
it is possible to determine the predetermined conditions
based on any one of the total amplitude value, the aver-
age amplitude value, and the mean amplitude value of
the signals corresponding to the signal ranges.

[0027] An eighth feature of the invention is directed to
an ultrasonic measurement apparatus including: a trans-
mission and reception unit which transmits an ultrasonic
wave toward a blood vessel and receives the reflected
ultrasonic wave as a reflected wave; a timing detection
unit which detects a first timing corresponding to diastole
of the blood vessel; a setting unit which sets a signal
waveform template of a signal relating to movement of
blood vessel walls of the blood vessel, among received
signals of the reflected waves obtained at a first timing;
a detection unit which detects a timing when the signal
waveform and the signal waveform template of the signal
included in the received signals of the reflected waves
satisfy predetermined conditions and the received sig-
nals of the reflected waves are obtained, as a second
timing; and a tracking unit which starts tracking of blood
vessel walls of the blood vessel at the second timing.
[0028] As another feature of the invention, the eighth
aspect of the invention may be configured as an ultra-
sonic measurement method including: transmitting an ul-
trasonic wave toward a blood vessel and receiving the
reflected ultrasonic wave; detecting a first timing corre-
sponding to diastole of the blood vessel; setting a signal
waveform template of a signal relating to movement of
blood vessel walls of the blood vessel, among received
signals of the reflected waves obtained at a first timing;

10

15

20

25

30

35

45

50

55

detecting a timing when the signal waveform and the sig-
nal waveform template of the signal included in the re-
ceived signals of the reflected waves satisfy predeter-
mined conditions and the received signals of the reflected
waves are obtained, as a second timing; and starting
tracking of the blood vessel wall at the second timing.
[0029] According to the eighth feature of the invention
and the like, the signal waveform template of the signal
relating to the movement of the blood vessel walls of the
blood vessel is set among the received signals of the
reflected waves of the ultrasonic waves transmitted to-
ward the blood vessel. This setting is performed based
on the received signals obtained at the first timing. Thus,
the setting can be performed based on the received sig-
nal at a certain time, as a still image, and therefore it is
possible to accurately set a desired tracking target.
[0030] After the setting of the tracking target, the sec-
ond timing when the signal waveform of the received sig-
nal and the set signal waveform template satisfy the con-
ditions, is detected. The tracking is started at the second
timing. In addition, the first timing is during diastole when
a change in the position of the blood vessel wall is slight.
Accordingly, the second timing is also during diastole.
Accordingly, although there is a difference in time be-
tween the first timing and the second timing, a possibility
of the part desired to be tracked and the part to actually
be tracked being different from each other is extremely
low.

[0031] A ninthfeature of the invention is directed to the
ultrasonic measurement apparatus according to the
eighth feature of the invention, wherein the timing detec-
tion unit detects the first timing by tracking the received
signals of the reflected waves in advance.

[0032] According to the ninth feature of the invention,
it is possible to detect the first timing by tracking the re-
ceived signals of the reflected wave of the ultrasonic
wave transmitted toward the blood vessel, in advance.
[0033] A tenthfeature of the invention is directed to the
ultrasonic measurement apparatus according to the ninth
feature of the invention, wherein the timing detection unit
detects a timing when displacement of peak waveform
parts included in the received signals satisfies predeter-
mined conditions, as the first timing.

[0034] According to the tenth feature of the invention,
for example, it is possible to detect the timing when dis-
placement of the peak waveform parts included in the
received signals is small, as the first timing.

[0035] An eleventh feature of the invention is directed
to the ultrasonic measurement apparatus according to
the tenth feature of the invention, wherein the timing de-
tection unit detects the first timing based on the displace-
ment of the peak waveform parts shown in a position of
an external film part of the blood vessel.

[0036] According to the eleventh feature of the inven-
tion, it is possible to detect the first timing based on the
displacement of the peak waveform parts shown in the
position of the external film part of the blood vessel.
[0037] A twelfth feature of the invention is directed to
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the ultrasonic measurement apparatus according to the
ninth feature of the invention, wherein the timing detec-
tion unit detects the first timing by measuring a change
in a blood vessel diameter of the blood vessel by the
tracking in advance.

[0038] Accordingto the twelfth feature of the invention,
itis possible to detect the first timing based on the change
in the blood vessel diameter.

[0039] A thirteenth feature of the invention is directed
to the ultrasonic measurement apparatus according to
the eighth feature of the invention, wherein the transmis-
sion and reception unit performs the reception at a pre-
determined frame rate, and the timing detection unit de-
tects a timing when correlation values obtained by a cor-
relation operation of the received signals in preceding
and succeeding frames satisfy predetermined condi-
tions, as the first timing.

[0040] According to the thirteenth feature of the inven-
tion, it is possible to detect the first timing based on the
correlation value of the received signal received in pre-
ceding and succeeding frames in time series.

[0041] A fourteenth feature of the invention is directed
to the ultrasonic measurement apparatus according to
the eighth feature of the invention, wherein the timing
detection unit detects a timing of a telediastolic period
from the diastole, as the first timing.

[0042] Accordingto the fourteenth feature of the inven-
tion, it is possible to detect the timing of the telediastolic
period as the first timing.

[0043] A fifteenth feature of the invention is directed to
the ultrasonic measurement apparatus according to the
eighth feature of the invention, wherein the setting unit
sets a front wall signal range and a front wall signal wave-
form template relating to a signal part of a front wall of
the blood vessel, and a rear wall signal range and a rear
wall signal waveform template relating to a signal part of
arear wall, and the detection unit detects a timing when
a signal waveform of the signal part corresponding to the
front wall signal range and the front wall signal waveform
template satisfy the conditions and a signal waveform of
the signal part corresponding to the rear wall signal range
and the rear wall signal waveform template satisfy the
conditions, as the second timing.

[0044] According to the fifteenth feature of the inven-
tion, the technology of the eighth feature of the invention
is applied to the front wall and the rear wall of the blood
vessel, and the timing when the front wall satisfies the
conditions and the rear wall also satisfies the conditions
is set as the second timing. A displacement amount of
the front wall and a displacement amount of the rear wall
accompanied with the pulsation may be different from
each other depending on a blood vessel to be subjected
to ultrasonic measurement, a position to be measured,
or a subject. However, even when the displacement
amount of one of the front wall and the rear wall is small,
the displacement amount of the other oneis great. There-
fore, according to the fifteenth feature of the invention,
by applying the technology of the feature of the invention
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to the front wall and the rear wall, it is possible to improve
accuracy of the coincidence of the desired part to be
tracked and the part to actually be tracked.

[0045] A seventeenth feature of the invention is direct-
ed to an ultrasonic measurement apparatus including: a
transmission and reception control unit which controls
transmission of an ultrasonic wave toward a blood vessel
and reception of a reflected wave; a setting unit which
sets a signal waveform template showing a part of a blood
vessel wall of the blood vessel based on received signals
of the reflected waves; and a tracking starting control unit
which sets a tracking point based on a signal part con-
formable to the signal waveform template among the re-
ceived signals and starts tracking.

[0046] As another feature of the invention, the seven-
teenth feature of the invention may be configured as an
ultrasonic measurement method including: controlling
transmission of an ultrasonic wave toward a blood vessel
and reception of a reflected wave; setting a signal wave-
form template showing a part of a blood vessel wall of
the blood vessel based on received signals of the reflect-
ed waves; and setting a tracking point based on a signal
part conformable to the signal waveform template among
the received signals and starting tracking.

[0047] According to the seventeenth feature of the in-
vention and the like, the signal waveform template show-
ing the part of the blood vessel wall of the blood vessel
is set among the received signals of the reflected waves
of the ultrasonic waves transmitted toward the blood ves-
sel. This setting can be performed based on the received
signal obtained at an arbitrary timing. Thus, the setting
can be performed based on the received signal at a cer-
tain time, as a still image, and therefore it is possible to
accurately set the signal waveform template relating to
the desired tracking target.

[0048] After the setting of the signal waveform tem-
plate, the tracking point is set based on the signal part
conformable to the set signal waveform template among
the received signals, and the tracking is started. Accord-
ingly, although there is a difference in time from the timing
when the signal waveform template is set to the timing
when the tracking is actually started, the part desired to
be tracked and the part to actually be tracked are not
different from each other.

[0049] An eighteenth feature of the invention is direct-
ed to the ultrasonic measurement apparatus according
to the seventeenth feature of the invention, wherein the
tracking starting control unit includes a searching unit
which performs a predetermined correlation operation
and searches a signal part where a correlation value of
the signal part and the signal waveform template satisfies
predetermined conformance conditions, and sets the
tracking point based on the searched signal part.
[0050] According to the eighteenth feature of the in-
vention, by performing the predetermined correlation op-
eration, the signal partwhere the correlation value among
the received signals satisfies the predetermined con-
formance conditions, as the signal part conformable to
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the signal waveform template, is searched. Therefore, it
is possible to improve accuracy of the coincidence of the
desired part to be tracked and the part to actually be
tracked.

[0051] A nineteenth feature of the invention is directed
to an ultrasonic measurement apparatus comprising a
transmission and reception control unit which transmits
an ultrasonic wave toward a blood vessel and receives
a reflected wave; a setting unit which sets a signal wave-
form template showing a part of a blood vessel wall of
the blood vessel based on received signals of the reflect-
ed waves; and a tracking starting control unit which sets
a tracking point based on a signal part conformable to
the signal waveform template among the received sig-
nals and starts tracking.

[0052] A twentieth feature of the invention is directed
to the ultrasonic measurement apparatus according to
the nineteenth feature of the invention, wherein the track-
ing starting control unit includes a searching unit which
performs a predetermined correlation operation and
searches a signal part where a correlation value of the
signal part and the signal waveform template satisfies
predetermined conformance conditions, and sets the
tracking point based on the searched signal part.
[0053] A twenty-firstfeature of the invention is directed
to an ultrasonic measurement method comprising con-
trolling transmission of an ultrasonic wave toward a blood
vessel and reception of a reflected wave; setting a signal
waveform template showing a part of a blood vessel of
the blood vessel based on received signals of the reflect-
ed waves; and setting a tracking point based on a signal
part conformable to the signal waveform template among
the received signals and starting tracking.

[0054] In the ultrasonic measurement apparatus ac-
cording to the first, fifth, eighth, and seventeenth, nine-
teenth and twentieth features of the invention, the blood
vessel to be measured may be an artery.

Embodiments

[0055] Hereinafter, preferred embodiments of the in-
vention will be described, but the applicable embodi-
ments of the invention are not limited to the following
embodiments.

First Embodiment

[0056] Fig. 1is a diagram showing an example of the
system configuration of an ultrasonic measurement ap-
paratus 1010 according to a first embodiment. The ultra-
sonic measurement apparatus 1010 is an apparatus that
measures biological information of a subject 1002 by
measuring the reflected waves of ultrasonic waves. In
the first embodiment, vascular function information such
as blood pressure relating to a blood vessel 1004 which
is an artery and an intima media thickness (IMT), is meas-
ured as a piece of biological information. In Fig. 1, a ca-
rotid artery is set as a blood vessel 1004 to be measured,
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but another artery such as a radial artery may be set as
the blood vessel 1004 to be measured.

[0057] The ultrasonic measurement apparatus 1010
includes a touch panel 1012 serving as a unit that dis-
plays a measurement result or operation information as
animage and as an operation input unit, a keyboard 1014
used for operation input, an ultrasonic probe 1016, and
a processor 1030. A control board 1031 is mounted in
the processor 1030, and is connected to each unit of the
apparatus, such as the touch panel 1012, the keyboard
1014, and the ultrasonic probe 1016, so that signal trans-
mission and reception therebetween are possible.
[0058] Not only various integrated circuits, such as a
central processing unit (CPU) 1032 and an application
specific integrated circuit (ASIC), but also a storage me-
dium 1033, such as an IC memory or a hard disk, and a
communication IC 1034 for realizing data communication
with an external device are mounted on the control board
1031. The processor 1030 realizes various functions ac-
cording to the first embodiment such as a control oper-
ation for starting tracking of a blood vessel wall of the
blood vessel 1004 according to the ultrasonic measure-
ment and measurement of vascular function information
for the blood vessel 1004 by executing a measurement
program stored in the storage medium 1033 with the CPU
1032 or the like.

[0059] Specifically, by the control of the processor
1030, the ultrasonic measurement apparatus 1010 trans-
mits and emits an ultrasonic beam from the ultrasonic
probe 1016 to the subject 1002 and receives the reflected
wave. Then, by performing signal processing on a re-
ceived signal of the reflected wave (hereinafter, simply
referred to as a "received signal"), it is possible to gen-
erate reflected wave data, such as a temporal change or
position information of a structure in the living body of
the subject 1002. Images in respective modes of so-
called A mode, B mode, M mode, and color Doppler are
included in the reflected wave data. Measurement using
an ultrasonic wave is repeatedly performed at predeter-
mined periods. The measurement unit is referred to as
a "frame".

[0060] By setting a tracking point (a region of interest)
inthe received signal as areference, the ultrasonic meas-
urement apparatus 1010 can perform so-called "tracking"
that is tracking the tracking point in time series between
different frames and calculating the displacement. In the
first embodiment, a front wall and a rear wall of the blood
vessel 1004 are set as the tracking points, and the ultra-
sonic measurement apparatus 1010 has characteristics
relating to the setting and starting control of the tracking
points.

Description of Principle of First Embodiment

[0061] Principles of the setting of the tracking points
and the starting control in the first embodiment will be
described.

[0062] Figs. 2A to 2F are diagrams schematically
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showing the reflected wave data obtained by signal
processing of the received data, in which Fig. 2A shows
a time axis, Fig. 2B shows a schematic M mode image
relating to the front wall, Fig. 2C shows a schematic M
mode image relating to the rear wall, Fig. 2D shows a
schematic A mode image relating to the front wall, and
Fig. 2E shows a schematic A mode image relating to the
rear wall. The A mode image can be referred to as the
received signal as it is, and therefore, the A mode image
will be described as having the same meaning as the
received signal, hereinafter. In the ultrasonic measure-
ment, the reflected wave from the front wall and the rear
wall of the blood vessel 1004 is detected strongly. The
signal parts of the received signal shown in Figs. 2D and
2E are obtained by cutting out a circumferential part in-
cluding the signal parts from the front wall and the rear
wall, and are signal parts in a constant depth range.
[0063] The frontwall and the rear wall of the blood ves-
sel 1004 are displaced back and forth when seen from
the ultrasonic probe 1016 (in depth direction) due to the
pulsation. Accordingly, the part of the front wall and the
part of the rear wall among the reflected wave signals
are displaced as shown in Figs. 2B to 2E. Time points
t1011 to t1014 are for one pulse. Herein, the front wall
and the rear wall are displaced, but return to the same
position after the one pulse. For example, in Fig. 2E,
peaks of the rear walls are shown in substantially the
same depth position in a signal waveform at the time
point t1011 and in a signal waveform at the time point
t1014. In the first embodiment, the starting control of the
tracking is performed according to the above description.
[0064] First, a target desired to be tracked is designat-
ed and set from the received signal obtained at the first
timing. It is possible to set a tracking target from the re-
ceived signals obtained at the first timing as a so-called
stillimage, and accordingly, it is possible to precisely set
the tracking target by magnifying the received signal, for
example. Fig. 2E shows an example in which the rear
wall is set as a tracking target. The time point t1011 is
the first timing. Among the received signals at the time
pointt1011, a depth range including the signal part of the
rear wall is set as a signal range (depth range) desired
to be the tracking target. This signal range is a region
surrounded with a thick line. A signal waveform in the
signal range is set as a template waveform.

[0065] When the setting of the signal range is complet-
ed, hereinafter, the acquired received signal is continu-
ously monitored in real time. Specifically, a correlation
operation of the signal waveform in the signal range
among the received signals and the template waveform
is repeatedly performed, and a second timing, at which
a correlation value satisfies threshold value conditions is
detected. That is, the second timing at which equivalent
conditions in which the signal waveform in the signal
range among the received signals corresponds to the
template waveform are satisfied, is continuously moni-
tored. The tracking is started at this second timing.
[0066] Fig. 2F shows a change in the correlation value.
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Atiming at which the correlation value is equal to or great-
er than a threshold value is detected as the second tim-
ing. The time pointt1014 is the second timing. As shown
in Fig. 2E, at the time point t1014, the rear wall is posi-
tioned in the same depth position as the time point t1011
which is the first timing. Accordingly, the part desired to
be tracked and the part to actually be tracked are not
different from each other. Since the tracking is started
from the received signal acquired at the second timing
(time point t1014), the tracking point (region of interest)
is set from the received signal acquired at the second
timing. Specifically, the tracking is started by using the
signal part of the signal range as the tracking point (region
of interest), among the received signals acquired at the
second timing.

[0067] The tracking target may be only one of the front
wall and the rear wall, but both walls are designated and
set in the first embodiment. This is because a displace-
ment amount of one of the front wall and the rear wall
may be great, while a displacement amount of the other
one is small. This phenomenon may occur due to a vas-
cular state or vascular surrounding tissues and may oc-
cur depending on a blood vessel to be measured, a po-
sition to be measured, or a subject. Figs. 3A to 3F show
an example of a case in which the displacement amount
of one of the front wall and the rear wall is great and the
displacement amount of the other one is small. Figs. 3A
to 3F show a case in which the displacement amount of
the front wall is small and the displacement amount of
the rear wall is great. Figs. 3A to 3F are shown in the
same manner as Figs. 2A to 2F.

[0068] InFigs. 3Ato 3F, the depth positions of the front
wall are substantially the same positions regardless of
the pulsation. Accordingly, as shown in Fig. 3F, the cor-
relation value relating to the front wall is a substantially
constant value, and the second timing at which the cor-
relation value is equal to or greater than a threshold value
TH1 may be before a time point t1024. By designating
and setting of both the front wall and the rear wall as the
tracking targets, it is possible to more accurately detect
the second timing.

Description of Functional Configuration of First Embod-
iment

[0069] Next, the functional configuration for realizing
the first embodiment will be described.

[0070] Fig. 4 is a block diagram showing an example
of the functional configuration of the ultrasonic measure-
ment apparatus 1010 in the first embodiment.

[0071] The ultrasonic measurement apparatus 1010
includes an operation input unit 1100, an ultrasonic wave
transmission and reception unit 1102, a processing unit
1200, a display unit 1300, and a storage unit 1500.
[0072] The operation input unit 1100 receives various
kinds of operation input by the operator, and outputs an
operation input signal corresponding to the operation in-
put to the processing unit 1200. The operation input unit



15 EP 2 901 939 A1 16

1100 can be implemented by a button switch, a lever
switch, a dial switch, a track pad, a mouse, or the like. In
the example shown in Fig. 1, the touch panel 1012 or the
keyboard 1014 corresponds to the operation input unit.
[0073] Theultrasonicwave transmission and reception
unit 1102 transmits an ultrasonic wave with a pulse volt-
age output from the processing unit 1200. Then, the ul-
trasonic wave transmission and reception unit receives
a reflected wave of the transmitted ultrasonic wave, con-
verts the reflected wave into an electrical signal, and out-
puts the electrical signal to the processing unit 1200. The
ultrasonic probe 1016 shown in Fig. 1 corresponds to the
ultrasonic wave transmission and reception unit.

[0074] The processing unit 1200 is realized by a mi-
croprocessor, such as a CPU or a graphic processor unit
(GPU), or an electronic component, such as an ASIC, a
field-programmable gate array (FPGA) or an integrated
circuit (IC) memory, for example. In addition, the process-
ing unit 1200 performs control of the input and output of
data to each functional unit, and calculates biological in-
formation of the subject 1002 by performing various kinds
of arithmetic processing based on a predetermined pro-
gram or data, the operation input signal from the opera-
tion input unit 1100, the signal from the ultrasonic wave
transmission and reception unit 1102, or the like. The
processor 1030 and the control board 1031 shown in Fig.
1 correspond to the processing unit 1200.

[0075] The processingunit 1200 includes an ultrasonic
wave control unit 1202, a tracking unit 1210, a tracking
starting control unit 1230, a front and rear walls detection
unit 1244, a vascular function measurement control unit
1248, a measurement result record and display control
unit 1250, and an image generation unit 1260.

[0076] The ultrasonic wave control unit 1202 controls
the transmission of an ultrasonic wave toward the blood
vessel and the reception of a reflected wave. For exam-
ple, the ultrasonic wave control unit includes a driving
control unit 1204, a transmission and reception control
unit 1206, and a received signal combination unit 1208,
and performs overall control of ultrasonic measurement.
The ultrasonic wave control unit 1202 can be realized by
the well-known technologies.

[0077] Thedriving control unit 1204 controls the trans-
mission timing of ultrasonic pulses from the ultrasonic
probe 1016, and outputs a transmission control signal to
the transmission and reception control unit 1206.
[0078] The transmission and reception control unit
1206 generates a pulse voltage according to the trans-
mission control signal from the driving control unit 1204,
and outputs the pulse voltage to the ultrasonic wave
transmission and reception unit 1102. In this case, it is
possible to adjust the output timing of the pulse voltage
to each ultrasonic transducer by performing transmission
delay processing. In addition, itis possible to perform the
amplification or filtering of the signal output from the ul-
trasonic wave transmission and reception unit 1102 and
to output the result to the received signal combination
unit 1208.
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[0079] The received signal combination unit 1208 per-
forms processing related to the so-called focus of a re-
ceived signal by performing delay processing as neces-
sary, thereby generating reflected wave data 1510 in-
cluding received signal data 1516 (see Fig. 6). The re-
flected wave data 1510 is used in the tracking starting
control unit 1230 and the tracking unit 1210.

[0080] The tracking starting control unit 1230 is a func-
tional unit that performs starting control of the tracking
described above, and includes a setting unit 1232, an
extraction unit 1237, a correlation operation unit 1238,
and a detection unit 1239. In the first embodiment, the
tracking starting control unit 1230 is realized as the soft-
ware by reading out and executing a tracking starting
control program 1502 (see Fig. 6) by the processing unit
1200, but the tracking starting control unit may be realized
as the hardware by the electronic circuit such as an FP-
GA. The extraction unit 1237, the correlation operation
unit 1238, and the detection unit 1239 may be configured
with the electronic circuit such as an FPGA.

[0081] The setting unit 1232 is a functional unit that
sets the tracking target, and includes a signal range set-
ting unit 1234 that sets a position range (signal range) in
a depth direction in the received signal according to the
operation input of the operation input unit 1100, and a
template setting unit 1236 that sets a signal waveform in
the signal range in the received signal as a signal wave-
form template. The signal range setting unit 1234 respec-
tively sets signal ranges for the front wall and the rear
wall and stores front wall signal range data 1521a and
rear wall signal range data 1521b (collectively referred
to as "signal range data 1521") in the storage unit 1500
(see Fig. 6). In the same manner as described above,
the template setting unit 1236 also respectively sets sig-
nal waveform templates for the front wall and the rear
wall and stores a front wall signal waveform template
1523a and a rear wall signal waveform template 1523b
(collectively referred to as a "signal waveform template
1523") in the storage unit 1500.

[0082] The setting of the signal range and the signal
waveform template will be described in detail with refer-
ence to Fig. 5. Fig. 5 shows an example of a reflected
wave signal obtained at a certain timing (first timing). The
setting unit 1232, for example, displays the received sig-
nal on the display unit 1300 and sets the front wall signal
range FW1 (1521a) and the rear wall signal range RW1
(1521b) according to the setting instruction operation
from the operation input unit 1100. The signal ranges
(front wall signal range FW1 and rear wall signal range
RW?1) are data for determining a range of the depth po-
sition. When setting the signal ranges, it is possible to
accurately set the ranges by magnifying and displaying
the received signal.

[0083] When the setting of the signal range is complet-
ed, the setting unit 1232 cuts out a signal part in the front
wall signal range FW1 and sets the signal part as the
front wall signal waveform template FT1 (1523a), and
cuts out a signal part in the rear wall signal range RW1



17 EP 2 901 939 A1 18

and sets the signal part as the rear wall signal waveform
template RT1 (1523b).

[0084] The description will be performed by returning
to Fig. 4. The extraction unit 1237, the correlation oper-
ation unit 1238, and the detection unit 1239 function to
detect the second timing.

[0085] The extraction unit 1237 extracts the signal part
in the front wall signal range FW1 and the signal part in
the rear wall signal range RW1 among the received sig-
nals output from the ultrasonic wave control unit 1202 on
each occasion, and outputs the signal parts to the cor-
relation operation unit 1238.

[0086] For the front wall and the rear wall, the correla-
tion operation unit 1238 performs the correlation opera-
tion of the signal waveform templates and the signal parts
extracted by the extraction unit 1237, calculates a corre-
lation value, and outputs the correlation value to the de-
tection unit 1239. As the correlation operation, normal-
ized cross-correlation or zero-mean normalized cross-
correlation can be used, for example.

[0087] The detection unit 1239 detects whether or not
the correlation value satisfies the equivalent conditions,
that is, whether or not the correlation value is equal to or
greater than the threshold value, thereby detecting the
second timing. When the second timing is detected, the
detection unit outputs a tracking starting instruction signal
to the tracking unit 1210.

[0088] The tracking unit 1210 starts the tracking ac-
cording to the tracking starting instruction signal from the
detection unit 1239. The tracking points (regions of inter-
est) are set in the signal parts in the signal ranges among
the received signals at the time when the tracking starting
instruction signal is input. Accordingly, the parts desired
to be tracked are accurately set as the tracking points.
For the tracking hereinafter, the well-known technologies
can be used. For example, the functions of the "echo
tracking" or the "phase difference tracking" are realized.
[0089] The frontand rear walls detection unit 1244 de-
tects vascular feature points from the received signal, as
a previous step of the setting by the setting unit 1232.
Specifically, two peaks which have signal strengths equal
to or greater than a predetermined signal strength and
in which the signal strength therebetween is equal to or
smaller than a predetermined low strength indicating
blood, are detected as the front wall and the rear wall.
The detecting method of the front wall and the rear wall
is not limited to this method, and the other methods may
be used.

[0090] The vascularfunction measurement control unit
1248 determines the displacement of the blood vessel
diameter based on the positions of the front wall and the
rear wall of the blood vessel 1004 which are continuously
measured by the tracking unit 1210, and performs the
control relevant to predetermined vascular function
measurement. For example, the operation control of ex-
ecuting processing of estimating a blood pressure from
the blood vessel diameter using a stiffness parameter
and measuring the blood pressure is performed, for ex-
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ample.

[0091] The measurement result record and display
control unit 1250 performs control for storing the meas-
urement result of the vascular function in the storage unit
1500 and displaying the measurement result on the dis-
play unit 1300.

[0092] The image generation unit 1260 generates an
image for displaying a measurement result or various
operation screens required for ultrasonic measurement
or biological information measurement, and outputs the
image to the display unit 1300.

[0093] The display unit 1300 displays image data input
from the image generation unit 1260. The touch panel
1012 shown in Fig. 1 corresponds to the display unit.
[0094] The storage unit 1500 is realized by a storage
medium, such as an IC memory, a hard disk, or an optical
disc, and stores various programs or various kinds of
data, such as data in the operation process of the
processing unit 1200. In Fig. 1, the storage medium 1033
mounted in the control board 1031 of the processor 1030
corresponds to the storage unit. In addition, the connec-
tion between the processing unit 1200 and the storage
unit 1500 is not limited to a connection using an internal
bus circuitin the apparatus, and may be realized by using
acommunicationline, such as alocal area network (LAN)
or the Internet. In this case, the storage unit 1500 may
be realized by using a separate external storage device
from the ultrasonic measurement apparatus 1010.
[0095] In addition, as shown in Fig. 6, the storage unit
1500 stores a measurement program 1501, reflected
wave data 1510, setting data 1520, equivalent condition
data 1530, and vascular function measurement data
1570. Needless to say, frame identification information,
various flags, counter values for time checking, and the
like other than those described above can also be ap-
propriately stored.

[0096] The processing unit 1200 realizes the functions
of the ultrasonic wave control unit 1202, the tracking start-
ing control unit 1230, the front and rear walls detection
unit 1244, the vascular function measurement control unit
1248, the measurementresult record and display control
unit 1250, and the image generation unit 1260, by reading
out and executing the measurement program 1501. The
tracking starting control program 1502 for realizing the
function of the tracking starting control unit 1230 is in-
cluded in the measurement program 1501 as a subrou-
tine program.

[0097] Inaddition, whenrealizing these functional units
with hardware, such as an electronic circuit, a part of the
program for realizing the function can be omitted.
[0098] The reflected wave data 1510 is reflected wave
data obtained by ultrasonic measurement, and is gener-
ated for each frame by the ultrasonic wave control unit
1202. A piece of reflected wave data 1510, for example,
includes a scanning line ID 1512, a measurement frame
1514, and received signal data (depth-signal strength da-
ta) 1516. Needless to say, data other than those de-
scribed above can also be appropriately stored.
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[0099] The setting data 1520 stores the signal range
data 1521 which is data of the signal ranges set by the
setting unit 1232, and the signal waveform template
1523, based on the received signal at the first timing.
[0100] The equivalent condition data 1530 is data for
determining the threshold conditions of the correlation
value for the detection unit 1239 to detect the second
timing, and the threshold value TH1 of Figs. 2A to 3F are
determined, for example.

[0101] The vascular function measurement data 1570
stores the data in which the positions of the front wall and
the rear wall of the blood vessel 1004 tracked by the
tracking unit 1210 correspond to the time information at
which the corresponding received signal is obtained, the
data of the blood vessel diameter calculated from the
positions of the front wall and the rear wall, or the data
of the blood pressure calculated based on the blood ves-
sel diameter.

Description of Flow of Process of First Embodiment

[0102] Next, the operation of the measurement proc-
ess of the ultrasonic measurement apparatus 1010 will
be described.

[0103] Fig. 7 is a flowchart for illustrating a flow of a
measurement process of the ultrasonic measurement
apparatus 1010 in the first embodiment.

[0104] In this process, the processing unit 1200 starts
a process of transmitting an ultrasonic beam for each
ultrasonic transducer (scanning line) of the ultrasonic
wave transmission and reception unit 1102, receiving the
reflected wave, and storing the reflected wave data 1510
in the storage unit 1500 on each occasion.

[0105] First, the frontandrear walls detection unit 1244
determines whether or not the feature points are included
in the received signal, based on the received signal data
1516 obtained by the transmission and reception of the
ultrasonic waves on each occasion, and therefore stands
by until the feature points are detected (Step S1001: No).
In the first embodiment, the feature points are a peak
indicating the front wall and the rear wall of the blood
vessel 1004. When the feature points are detected (Step
S1001: YES), the tracking starting control process is per-
formed by the tracking starting control unit 1230 (Steps
S1003 to S1007).

[0106] That is, the setting unit 1232 sets the signal
range and the signal waveform template using the re-
ceived signal obtained at the first timing (Step S1003).
Then, the extraction unit 1237 extracts the signal part in
the signal range among the subsequent received signals
on each occasion, and the correlation operation unit 1238
determines whether or not the signal part corresponds
to the signal waveform template using the equivalent con-
dition data 1530. Specifically, the correlation operation
unit 1238 performs the correlation operation of the signal
part and the signal waveform template (Step S1005) and
determines whether or not the correlation value satisfies
the equivalent conditions (threshold value conditions),
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that is, the second timing (Step S1007). The processes
in Step S1005 to s1007 are repeated and the second
timing is monitored, until the equivalent conditions are
satisfied (Step S1007: NO).

[0107] When the equivalent conditions are satisfied
(Step S1007: YES), the detection unit 1239 outputs the
tracking starting instruction signal to the tracking unit
1210 when the second timing is detected, and the track-
ing unit 1210 starts the tracking (Step S1009). The vas-
cular function measurement control unit 1248 starts the
measurement of the vascular function (Step S1011).
[0108] After that, when the completion operation of the
measurement process is performed (Step S1013: YES),
the measurement process ends.

[0109] Hereinabove, according to the first embodi-
ment, the signal range including the signal part for track-
ing the movement of the blood vessel walls of the blood
vessel due to the pulsation, and the signal waveform tem-
plate in the signal range, among the received signals
obtained by receiving the reflected wave of the ultrasonic
wave transmitted to the blood vessel 1004, are set. This
setting is performed based on the received signals ob-
tained at the first timing. Thus, the setting can be per-
formed based on the received signal at a certain time,
as a stillimage, and therefore it is possible to accurately
set the desired tracking target.

[0110] After the setting of the tracking target, the sec-
ond timing when the signal part corresponding to the set
signal range and the set signal waveform template
among the received signals satisfy the predetermined
equivalent conditions, is detected. The tracking is started
at the second timing. Accordingly, although there is a
difference in time between the first timing and the second
timing, the part desired to be tracked and the part to ac-
tually be tracked are not different from each other, re-
gardless of the problems regarding the difference in time.
[0111] In the first embodiment, it is possible to appro-
priately add, omit, and change the constituent elements.
For example, both of the front wall and the rear wall of
the blood vessel are the tracking targets in the above
description, but only one thereof may be the tracking tar-
get.

[0112] In addition, the correlation operation is per-
formed in the above description, but instead of the sim-
ilarity such as the correlation value, dissimilarity such as
sum of squared difference (SSD) or sum of absolute dif-
ference (SAD) may be used. However, when using SSD
or SAD, as the value decreases the similarity increases,
and therefore the equivalent conditions (threshold value
condition) are set to have the value equal to or smaller
than the threshold value.

Second Embodiment

[0113] Fig. 8 is a diagram showing an example of the
system configuration of an ultrasonic measurement ap-
paratus 2010 according to a second embodiment. The
ultrasonic measurement apparatus 2010 is an apparatus
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that measures biological information of a subject 2002
by measuring the reflected waves of ultrasonic waves.
In the second embodiment, vascular function information
such as blood pressure relating to a blood vessel 2004
which is an artery and an intima media thickness (IMT),
is measured as a piece of biological information. In Fig.
8, a carotid artery is set as a blood vessel 2004 to be
measured, but the other artery such as a radial artery
may be set as the blood vessel 2004 to be measured.
[0114] The ultrasonic measurement apparatus 2010
includes a touch panel 2012 serving as a unit that dis-
plays a measurement result or operation information as
animage and as an operation input unit, a keyboard 2014
used for operation input, an ultrasonic probe 2016, and
a processor 2030. A control board 2031 is mounted in
the processor 2030, and is connected to each unit of the
apparatus, such as the touch panel 2012, the keyboard
2014, and the ultrasonic probe 2016, so that signal trans-
mission and reception therebetween are possible.
[0115] Not only various integrated circuits, such as a
central processing unit (CPU) 2032 and an application
specific integrated circuit (ASIC), but also a storage me-
dium 2033, such as an IC memory or a hard disk, and a
communication IC 2034 for realizing data communication
with an external device are mounted on the control board
2031. The processor 2030 realizes various functions ac-
cording to the second embodiment such as a control op-
eration for starting tracking of a vessel wall of the blood
vessel 2004 according to the ultrasonic measurement
and measurement of vascular function information for
the blood vessel 2004 by executing a measurement pro-
gram stored in the storage medium 2033 with the CPU
2032 or the like.

[0116] Specifically, by the control of the processor
2030, the ultrasonic measurement apparatus 2010 trans-
mits and emits an ultrasonic beam from the ultrasonic
probe 2016 to the subject 2002 and receives the reflected
wave. Then, by performing signal processing on a re-
ceived signal of the reflected wave (hereinafter, simply
referred to as a "received signal"), it is possible to gen-
erate reflected wave data, such as a temporal change or
position information of a structure in the living body of
the subject 2002. Images in respective modes of so-
called A mode, B mode, M mode, and color Doppler are
included in the reflected wave data. Measurement using
an ultrasonic wave is repeatedly performed at predeter-
mined periods. The measurement unit is referred to as
a "frame".

[0117] By setting tracking point (a region of interest) in
the received signal as a reference, the ultrasonic meas-
urementapparatus 2010 can perform so-called "tracking"”
that is tracking the tracking point in time series between
different frames and calculating the displacement. In the
second embodiment, a front wall and a rear wall of the
blood vessel 2004 are set as the tracking points, and the
ultrasonic measurement apparatus 2010 has character-
istics relating to the setting and starting control of the
tracking points.
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Description of Principle of Second Embodiment

[0118] Principles of the setting of the tracking points
and the starting control will be described.

[0119] Figs. 9A to 9F are diagrams schematically
showing the reflected wave data obtained by signal
processing of the received data, in which Fig. 9A shows
a time axis, Fig. 9B shows a schematic M mode image
relating to the front wall, Fig. 9C shows a schematic M
mode image relating to the rear wall, Fig. 9D shows a
schematic A mode image relating to the front wall, and
Fig. 9E shows a schematic A mode image relating to the
rear wall. The A mode image can be referred to as the
received signal as it is, and therefore, the A mode image
will be described as the same meaning as the received
signal, hereinafter. In the ultrasonic measurement, the
reflected wave from the front wall and the rear wall of the
blood vessel 2004 is detected strongly. The signal parts
of the received signal shown in Figs. 9D and 9E are ob-
tained by cutting out a circumferential part including the
signal parts from the front wall and the rear wall, and are
signal parts in a constant depth range.

[0120] The front wall and the rear wall of the blood ves-
sel 2004 are displaced back and forth when seen from
the ultrasonic probe 2016 (in depth direction) due to the
pulsation. Accordingly, the part of the front wall and the
part of the rear wall among the reflected wave signal are
displaced as shown in Figs. 9B to 9E. Time points t2011
to t2014 are for one pulse. Herein, the front wall and the
rear wall are displaced, but return to the same position
after the one pulse. For example, in Fig. 9E, peaks of the
rear walls are shown in substantially the same depth po-
sition in a signal waveform at the time point t2011 and in
a signal waveform at the time point t2014. Needless to
say, the peaks are shown in substantially the same po-
sition, after the integer number of pulses, not after the
one pulse. Inthe second embodiment, the starting control
of the tracking is performed using this.

[0121] First, atarget desired to be tracked is designat-
ed and set from the received signal obtained at the first
timing. It is possible to set a tracking target from the re-
ceived signals obtained at the first timing as a so-called
stillimage, and accordingly, it is possible to precisely set
the tracking target by magnifying the received signal, for
example. Fig. 9E shows an example in which the rear
wall is set as a tracking target. The time point 2011 is
the first timing. Among the received signals at the time
point 2011, a depth range including the signal part of the
rear wall is set as a signal range (depth range) desired
to be the tracking target. This signal range is a region
surrounded with a thick line. When the signal range is
set, a signal component index value which is an index
value showing the signal component in the signal range
is calculated. In the second embodiment, as an example
of the signal component index value, an average ampli-
tude value obtained by averaging the amplitude of the
signal is calculated. The signal component index value
at the first timing is referred to as an index reference
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value, and the average amplitude value at the first timing
is referred to as an average amplitude reference value.
As the signal component index value, a total value of the
amplitude in the signal range may be used, or a mean
value of the amplitude in the signal range may be used,
in addition to the average amplitude value.

[0122] When the setting of the signal range is complet-
ed, hereinafter, the acquired received signal is continu-
ously monitored in real time. Specifically, the average
amplitude value (an example of signal component index
value) obtained by averaging the amplitude of the signal
in the signal range among the received signals is calcu-
lated, and a second timing, at which a difference between
the average amplitude value and the average amplitude
reference value (hereinafter, this difference is referred to
as a "difference in average amplitude values") satisfies
the threshold value conditions is detected. That is, the
second timing at which equivalent conditions in which
the average amplitude value of the signal part in the sig-
nal range among the received signals corresponds to the
average amplitude value at the first timing are satisfied,
is continuously monitored. The tracking is started at this
second timing.

[0123] Fig. 9F shows a change in the difference in the
average amplitude values. A timing at which the differ-
ence in the average amplitude values is equal to or small-
er than a threshold value is detected as the second tim-
ing. The time point 2014 is the second timing. As shown
in Fig. 9E, at the time point 2014, the rear wall is posi-
tioned in the same depth position as the time point 2011
which is the first timing. Accordingly, a possibility of the
part desired to be tracked and the part to actually be
tracked being different from each other is extremely low.
Since the tracking is started from the received signal ac-
quired at the second timing (time point t2014), the track-
ing point (region of interest) is set from the received signal
acquired at the second timing. Specifically, the tracking
is started by using the signal part of the signal range as
the tracking point (region of interest), among the received
signal acquired at the second timing.

[0124] The tracking target may be only one of the front
wall and the rear wall, but both walls are designated and
set in the second embodiment. This is because a dis-
placement amount of one of the front wall and the rear
wall may be great, while a displacement amount of the
other one is small. This phenomenon may occur due to
a vascular state or vascular surrounding tissues and may
occur depending on a blood vessel to be measured, a
position to be measured, or a subject. Figs. 10A to 10F
show an example of a case in which the displacement
amount of one of the front wall and the rear wall is great
and the displacement amount of the other one is small.
Figs. 10A to 10F show a case in which the displacement
amount of the front wall is small and the displacement
amount of the rear wall is great. Figs. 10A to 10F are
shown in the same manner as Figs. 9A to 9F.

[0125] In Figs. 10A to 10F, the depth positions of the
front wall are substantially the same positions regardless
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of the pulsation. Accordingly, as shown in Fig. 10F, the
difference in average amplitude values relating to the
front wall is substantially the constant value, and the sec-
ond timing at which the difference is equal to or greater
than a threshold value TH2 may be before a time point
t2024. By designating and setting both of the front wall
and the rear wall as the tracking targets, it is possible to
more accurately detect the second timing.

Description of Functional Configuration of Second Em-
bodiment

[0126] Next, the functional configuration for realizing
the second embodiment will be described.

[0127] Fig. 11 is a block diagram showing an example
of the functional configuration of the ultrasonic measure-
ment apparatus 2010 in the second embodiment. The
ultrasonic measurement apparatus 2010 includes an op-
eration input unit 2100, an ultrasonic wave transmission
and reception unit 2102, a processing unit 2200, adisplay
unit 2300, and a storage unit 2500.

[0128] The operation input unit 2100 receives various
kinds of operation input by the operator, and outputs an
operation input signal corresponding to the operation in-
put to the processing unit 2200. The operation input unit
2100 can be implemented by a button switch, a lever
switch, a dial switch, a track pad, a mouse, or the like. In
the example shown in Fig. 8, the touch panel 2012 or the
keyboard 2014 corresponds to the operation input unit.
[0129] Theultrasonic wave transmission and reception
unit 2102 transmits an ultrasonic wave with a pulse volt-
age output from the processing unit 2200. Then, the ul-
trasonic wave transmission and reception unit receives
areflected wave of the transmitted ultrasonic wave, con-
verts the reflected wave into an electrical signal, and out-
puts the electrical signal to the processing unit 2200. The
ultrasonic probe 2016 shown in Fig. 8 corresponds to the
ultrasonic wave transmission and reception unit.

[0130] The processing unit 2200 is realized by a mi-
croprocessor, such as a CPU or a graphic processor unit
(GPU), or an electronic component, such as an ASIC,
field-programmable gate array (FPGA) or an IC memory,
for example. In addition, the processing unit 2200 per-
forms control of the input and output of data to each func-
tional unit, and calculates biological information of the
subject 2002 by performing various kinds of arithmetic
processing based on a predetermined program or data,
the operation input signal from the operation input unit
2100, the signal from the ultrasonic wave transmission
and reception unit 2102, or the like. The processor 2030
and the control board 2031 shown in Fig. 8 correspond
to the processing unit 2200.

[0131] The processing unit 2200 includes an ultrasonic
wave control unit 2202, a tracking unit 2210, a tracking
starting control unit 2230, a front and rear walls detection
unit 2244, a vascular function measurement control unit
2248, a measurement result record and display control
unit 2250, and an image generation unit 2260.
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[0132] The ultrasonic wave control unit 2202 controls
the transmission of an ultrasonic wave toward the blood
vessel and the reception of a reflected wave. For exam-
ple, the ultrasonic wave control unit includes a driving
control unit 2204, a transmission and reception control
unit 2206, and a received signal combination unit 2208,
and performs overall control of ultrasonic measurement.
The ultrasonic wave control unit 2202 can be realized by
the well-known technologies.

[0133] Thedriving control unit 2204 controls the trans-
mission timing of ultrasonic pulses from the ultrasonic
probe 2016, and outputs a transmission control signal to
the transmission and reception control unit 2206.
[0134] The transmission and reception control unit
2206 generates a pulse voltage according to the trans-
mission control signal from the driving control unit 2204,
and outputs the pulse voltage to the ultrasonic wave
transmission and reception unit 2102. In this case, it is
possible to adjust the output timing of the pulse voltage
to each ultrasonic transducer by performing transmission
delay processing. In addition, itis possible to perform the
amplification or filtering of the signal output from the ul-
trasonic wave transmission and reception unit 2102 and
to output the result to the received signal combination
unit 2208.

[0135] The received signal combination unit 2208 per-
forms processing related to the so-called focus of a re-
ceived signal by performing delay processing as neces-
sary, thereby generating reflected wave data 2510 in-
cluding received signal data 2516 (see Fig. 13). The re-
flected wave data 2510 is used in the tracking starting
control unit 2230 and the tracking unit 2210.

[0136] The tracking starting control unit 2230 is a func-
tional unit that performs starting control of the tracking
described above, and includes a setting unit 2232, an
average amplitude value calculation unit 2237 which is
a calculation unit for the signal component index value,
an average amplitude value difference calculation unit
2238 which is a calculation unit for the difference in the
index values, and a detection unit 2239. In the second
embodiment, the tracking starting control unit 2230 is re-
alized as the software by reading out and executing a
tracking starting control program 2502 (see Fig. 13) by
the processing unit 2200, but the tracking starting control
unit may be realized as the hardware by the electronic
circuit such as an FPGA. The average amplitude value
calculation unit 2237, the average amplitude value dif-
ference calculation unit 2238, and the detection unit 2239
may be configured with the electronic circuit such as an
FPGA.

[0137] The setting unit 2232 is a functional unit that
sets the tracking target, and includes a signal range set-
ting unit 2234 , and an average amplitude reference val-
ue calculation unit 2236 which is a calculation unit for the
index reference value. The signal range setting unit 2234
sets a position range (signal range) in a depth direction
among the received signals at the first timing, according
to the operation input of the operation input unit 2100.
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The signal range setting unit 2234 respectively sets sig-
nal ranges for the front wall and the rear wall and stores
front wall signal range data 2521a and rear wall signal
range data 2521b (collectively referred to as "signal
range data 2521") in the storage unit 2500 (see Fig. 13).
[0138] The average amplitude reference value calcu-
lation unit 2236 calculates the index reference value
which is the signal component index value in the signal
range among the received signals at the first timing, that
is, the average amplitude reference value. In the same
manner as the signal range setting unit 2234, the average
amplitude reference value calculation unit 2236 also re-
spectively calculates the average amplitude reference
value in the signal ranges for the front wall and the rear
wall, and stores a front wall average amplitude reference
value 2523a and arear wall average amplitude reference
value 2523b (collectively referred to as a "average am-
plitude reference value 2523") in the storage unit 2500.
[0139] The setting of the signal range and the average
amplitude reference value will be described in detail with
reference to Fig. 12. Fig. 12 shows an example of a re-
flected wave signal obtained at a certain timing (first tim-
ing). The setting unit 2232, for example, displays the re-
ceived signal on the display unit 2300 and sets the front
wall signal range FW2 (2521a) and the rear wall signal
range RW2 (2521b) according to the setting instruction
operation from the operation input unit 2100. The signal
ranges (front wall signal range FW2 and rear wall signal
range RW2) are data for determining a range of the depth
position. When setting the signal ranges, it is possible to
accurately set the ranges by magnifying and displaying
the received signal.

[0140] When the setting of the signal range is complet-
ed, the setting unit 2232 calculates the average ampli-
tude value of the signal component in the front wall signal
range FW2 and sets the average amplitude value as the
front wall average amplitude reference value FT2
(2523a), and calculates the average amplitude value of
the signal component in the rear wall signal range RW2
and sets the average amplitude value as the rear wall
average amplitude reference value RT2 (2523b).
[0141] The description will be performed by returning
to Fig. 11. The average amplitude value calculation unit
2237, the average amplitude value difference calculation
unit 2238, and the detection unit 2239 function to detect
the second timing.

[0142] The average amplitude value calculation unit
2237 calculates the average amplitude value of the signal
component in the front wall signal range FW2 and the
average amplitude value of the signal component in the
rear wall signal range RW2 among the received signals
output from the ultrasonic wave control unit 2202 on each
occasion, and outputs the average amplitude values to
the average amplitude value difference calculation unit
2238.

[0143] For the front wall and the rear wall, the average
amplitude value difference calculation unit 2238 calcu-
lates the difference in the amplitude average values
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which is a difference between the average amplitude ref-
erence value and the average amplitude value calculated
by the average amplitude value calculation unit 2237,
and outputs the difference in the amplitude average val-
ues to the detection unit 2239.

[0144] The detection unit 2239 detects whether or not
the difference in the amplitude average values satisfies
the equivalent conditions, that is, the difference in the
amplitude average values is equal to or smaller than the
threshold value, thereby detecting the second timing.
When the second timing is detected, the detection unit
outputs a tracking starting instruction signal to the track-
ing unit 2210.

[0145] The tracking unit 2210 starts the tracking ac-
cording to the tracking starting instruction signal from the
detection unit 2239. The tracking points (regions of inter-
est) are set in the signal parts in the signal ranges among
the received signals at the time when the tracking starting
instruction signal is input. Accordingly, the parts desired
to be tracked are accurately set as the tracking points.
For the tracking hereinafter, the well-known technologies
can be used. For example, the functions of the "echo
tracking" or the "phase difference tracking" are realized.
[0146] The frontand rear walls detection unit 2244 de-
tects vascular feature points from the received signal, as
a previous step of the setting by the setting unit 2232.
Specifically, two peaks which have signal strengths equal
to or greater than a predetermined signal strength and
in which the signal strength therebetween is equal to or
smaller than a predetermined low strength indicating
blood, are detected as the front wall and the rear wall.
The detecting method of the front wall and the rear wall
is not limited to this method, and the other methods may
be used.

[0147] Thevascularfunction measurement control unit
2248 determines the displacement of the blood vessel
diameter based on the positions of the front wall and the
rear wall of the blood vessel 2004 which are continuously
measured by the tracking unit 2210, and performs the
control relevant to predetermined vascular function
measurement. For example, the operation control of ex-
ecuting processing of estimating a blood pressure from
the blood vessel diameter using a stiffness parameter
and measuring the blood pressure is performed.

[0148] The measurement result record and display
control unit 2250 performs control for storing the meas-
urement result of the vascular function in the storage unit
2500 and displaying the measurement result on the dis-
play unit 2300.

[0149] The image generation unit 2260 generates an
image for displaying a measurement result or various
operation screens required for ultrasonic measurement
or biological information measurement, and outputs the
image to the display unit 2300.

[0150] The display unit 2300 displays image data input
from the image generation unit 2260. The touch panel
2012 shown in Fig. 8 corresponds to the display unit.
[0151] The storage unit 2500 is realized by a storage
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medium, such as an IC memory, a hard disk, or an optical
disc, and stores various programs or various kinds of
data, such as data in the operation process of the
processing unit 2200. In Fig. 8, the storage medium 2033
mounted in the control board 2031 of the processor 2030
corresponds to the storage unit. In addition, the connec-
tion between the processing unit 2200 and the storage
unit 2500 is not limited to a connection using an internal
bus circuitin the apparatus, and may be realized by using
acommunication line, such as alocal area network (LAN)
or the Internet. In this case, the storage unit 2500 may
be realized by using a separate external storage device
from the ultrasonic measurement apparatus 2010.
[0152] Inaddition, as shown in Fig. 13, the storage unit
2500 stores a measurement program 2501, reflected
wave data 2510, setting data 2520, equivalent condition
data 2530, and vascular function measurement data
2570. Needless to say, frame identification information,
various flags, counter values for time checking, and the
like other than those described above can also be ap-
propriately stored.

[0153] The processing unit 2200 realizes the functions
of the ultrasonic wave control unit 2202, the tracking start-
ing control unit 2230, the front and rear walls detection
unit 2244, the vascular function measurement control unit
2248, the measurement result record and display control
unit2250, and the image generation unit 2260, by reading
out and executing the measurement program 2501. The
tracking starting control program 2502 for realizing the
function of the tracking starting control unit 2230 is in-
cluded in the measurement program 2501 as a subrou-
tine program.

[0154] Inaddition, whenrealizing these functional units
with hardware, such as an electronic circuit, a part of the
program for realizing the function can be omitted.
[0155] The reflected wave data 2510 is reflected wave
data obtained by ultrasonic measurement, and is gener-
ated for each frame by the ultrasonic wave control unit
2202. A piece of reflected wave data 2510, for example,
includes a scanning line ID 2512, a measurement frame
2514, andreceived signal data (depth-signal strength da-
ta) 2516. Needless to say, data other than those de-
scribed above can also be appropriately stored.

[0156] The setting data 2520 stores the signal range
data 2521 which is data of the signal ranges set by the
setting unit 2232, and the average amplitude reference
value 2523, based on the received signal at the first tim-
ing.

[0157] The equivalent condition data 2530 is data for
determining the threshold value conditions of the differ-
ence in the average amplitude values for the detection
unit 2239 to detect the second timing, and the threshold
values TH2 of Figs. 9A to 10F are determined, for exam-
ple.

[0158] The vascular function measurement data 2570
stores the data in which the positions of the front wall and
the rear wall of the blood vessel 2004 tracked by the
tracking unit 2210 correspond to the time information at
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which the corresponding received signal is obtained, the
data of the blood vessel diameter calculated from the
positions of the front wall and the rear wall, or the data
of the blood pressure calculated based on the blood ves-
sel diameter.

Description of Flow of Process of Second Embodiment

[0159] Next, the operation of the measurement proc-
ess of the ultrasonic measurement apparatus 2010 will
be described.

[0160] Fig. 14 is a flowchart for illustrating a flow of
measurement process of the ultrasonic measurement
apparatus 2010 in the second embodiment.

[0161] In this process, the processing unit 2200 starts
a process of transmitting an ultrasonic beam for each
ultrasonic transducer (scanning line) of the ultrasonic
wave transmission and reception unit 2102, receiving the
reflected wave, and storing the reflected wave data 2510
in the storage unit 2500 on each occasion.

[0162] First, the frontandrear walls detection unit2244
determines whether or not the feature points are included
in the received signal, based on the received signal data
2516 obtained by the transmission and reception of the
ultrasonic waves on each occasion, and therefore stands
by until the feature points are detected (Step S2001: No).
In the second embodiment, the feature points are peak
indicating the front wall and the rear wall of the blood
vessel 2004. When the feature points are detected (Step
S2001: YES), the tracking starting control process is per-
formed by the tracking starting control unit 2230 (Steps
S2003 to S2007).

[0163] That is, the setting unit 2232 sets the signal
range and the average amplitude reference value using
the received signal obtained at the first timing (Step
S2003). Then, the average amplitude value calculation
unit 2237 calculates the average amplitude value in the
signal range among the subsequent received signals on
each occasion, and the average amplitude value differ-
ence calculation unit 2238 calculates the difference in
the average amplitude values which is a difference be-
tween the average amplitude value and the average am-
plitude reference value set in Step S2003 (Step S2005).
The detection unit 2239 determines whether or not the
difference in the average amplitude values satisfies the
equivalent conditions (threshold value conditions), that
is, the second timing (Step S2007). The processes in
Step S2005 to S2007 are repeated and the second timing
is monitored, until the equivalent conditions are satisfied
(Step S2007: NO).

[0164] When the equivalent conditions are satisfied
(Step S2007: YES), the detection unit 2239 outputs the
tracking starting instruction signal to the tracking unit
2210 when the second timing is detected, and the track-
ing unit 2210 starts the tracking (Step S2009). The vas-
cular function measurement control unit 2248 starts the
measurement of the vascular function (Step S2011).
[0165] After that, when the completion operation of the
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measurement process is performed (Step S2013: YES),
the measurement process ends.

[0166] Hereinabove, according to the second embod-
iment, the signal range including the signal part for track-
ing the movement of the blood vessel walls of the blood
vessel due to the pulsation, among the received signals
obtained by receiving the reflected wave of the ultrasonic
wave transmitted to the blood vessel 2004, is set. This
setting is performed based on the received signals ob-
tained at the first timing. Thus, the setting can be per-
formed based on the received signal at a certain time,
as a stillimage, and therefore it is possible to accurately
set the desired tracking target.

[0167] When the signal range is set, the average am-
plitude value which is the signal component index value
in the signal range at the first timing when performing the
above setting is calculated as the average amplitude ref-
erence value.

[0168] After the setting of the tracking target, the sec-
ond timing when the average amplitude value of the sig-
nal part corresponding to the set signal range satisfies
the average amplitude reference value and the predeter-
mined equivalent conditions, is detected. The tracking is
started at the second timing. Accordingly, although there
is a difference in time between the first timing and the
second timing, the part desired to be tracked and the part
to actually be tracked are not different from each other,
regardless of the problems regarding the difference in
time.

[0169] Inthe second embodiment, it is possible to ap-
propriately add, omit, and change the constituent ele-
ments. For example, in the second embodiment, the both
of the front wall and the rear wall of the blood vessel are
the tracking targets in the above description, but only one
thereof may be the tracking target.

[0170] In addition, the signal component index value
is not limited to the average amplitude value, and an am-
plitude total value, or a mean value of the sampled am-
plitude may be used. The equivalent conditions are set
to have the difference in the average amplitude values
to be equal to or smaller than the threshold value, but
the temporal conditions may further added thereto. That
is, when the timing at which the difference in the average
amplitude values is equal to or smaller than the threshold
value is continuously detected and a state in which a
difference in time between time intervals of the detection
timing is equal to or smaller than a certain difference in
times is continued for predetermined time, the equivalent
conditions may be satisfied.

Third Embodiment

[0171] Fig. 15is a diagram showing an example of the
system configuration of an ultrasonic measurement ap-
paratus 3010 according to a third embodiment. The ul-
trasonic measurement apparatus 3010 is an apparatus
that measures biological information of a subject 3002
by measuring the reflected waves of ultrasonic waves.
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In the third embodiment, vascular function information
such as blood pressure relating to a blood vessel 3004
which is an artery and an intima media thickness (IMT),
is measured as a piece of biological information. In Fig.
15, a carotid artery is set as a blood vessel 3004 to be
measured, but the other artery such as a radial artery
may be set as the blood vessel 3004 to be measured.
[0172] The ultrasonic measurement apparatus 3010
includes a touch panel 3012 serving as a unit that dis-
plays a measurement result or operation information as
animage and as an operation input unit, a keyboard 3014
used for operation input, an ultrasonic probe 3016, and
a processor 3030. A control board 3031 is mounted in
the processor 3030, and is connected to each unit of the
apparatus, such as the touch panel 3012, the keyboard
3014, and the ultrasonic probe 3016, so that signal trans-
mission and reception therebetween are possible.
[0173] Not only various integrated circuits, such as a
central processing unit (CPU) 3032 and an application
specific integrated circuit (ASIC), but also a storage me-
dium 3033, such as an IC memory or a hard disk, and a
communication IC 3034 for realizing data communication
with an external device are mounted on the control board
3031. The processor 3030 realizes various functions ac-
cording to the third embodiment such as a control oper-
ation for starting tracking of a vessel wall of the blood
vessel 3004 according to the ultrasonic measurement
and measurement of vascular function information for
the blood vessel 3004 by executing a measurement pro-
gram stored in the storage medium 3033 with the CPU
3032 or the like.

[0174] Specifically, by the control of the processor
3030, the ultrasonic measurement apparatus 3010 trans-
mits and emits an ultrasonic beam from the ultrasonic
probe 3016 to the subject 3002 and receives the reflected
wave. Then, by performing signal processing on a re-
ceived signal of the reflected wave (hereinafter, simply
referred to as a "received signal"), it is possible to gen-
erate reflected wave data, such as a temporal change or
position information of a structure in the living body of
the subject 3002. Images in respective modes of so-
called A mode, B mode, M mode, and color Doppler are
included in the reflected wave data. Measurement using
an ultrasonic wave is repeatedly performed at predeter-
mined periods. The measurement unit is referred to as
a "frame".

[0175] By setting tracking point (a region of interest) in
the received signal as a reference, the ultrasonic meas-
urementapparatus 3010 can perform so-called "tracking"
that is tracking the tracking point in time series between
different frames and calculating the displacement. In the
third embodiment, a front wall and a rear wall of the blood
vessel 3004 are set as the tracking points, and the ultra-
sonic measurement apparatus 3010 has characteristics
relating to the setting and starting control of the tracking
points.
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Description of Principle of Third Embodiment

[0176] Principles of the setting of the tracking points
and the starting control will be described.

[0177] Figs. 16A to 16F are diagrams schematically
showing the reflected wave data obtained by signal
processing of the received signal, in which Fig. 16A
shows a time axis, Fig. 16B shows a schematic M mode
image relating to the front wall, Fig. 16C shows a sche-
matic M mode image relating to the rear wall, Fig. 16D
shows a schematic A mode image relating to the front
wall, and Fig. 16E shows a schematic A mode image
relating to the rear wall. The A mode image can be re-
ferred to as the received signal as it is, and therefore, the
A mode image will be described as the same meaning
as the received signal, hereinafter. In the ultrasonic
measurement, the reflected wave from the front wall and
therear wall of the blood vessel 3004 is detected strongly.
The signal parts of the received signal shown in Figs.
16D and 16E are obtained by cutting out a circumferential
part including the signal parts from the front wall and the
rear wall, and are signal parts in a constant depth range.
[0178] The front wall and the rear wall of the blood ves-
sel 3004 are displaced back and forth when seen from
the ultrasonic probe 3016 (in depth direction) due to the
pulsation. Accordingly, the part of the front wall and the
part of the rear wall among the reflected wave signal are
displaced as shown in Figs. 16B to 16E. Time points
t3011 to t3014 are for one pulse. Herein, the front wall
and the rear wall are displaced, but return to the same
position after the one pulse. For example, in Fig. 16E,
peaks of the rear walls are shown in substantially the
same depth position in a signal waveform at the time
point t3011 and in a signal waveform at the time point
t3014. Needless to say, the peaks are shown in substan-
tially the same position, after the integer number of puls-
es, besides after the one pulse. In the third embodiment,
the starting control of the tracking is performed using this.
[0179] First, atarget desired to be tracked is designat-
ed and set from the received signal obtained at the first
timing. It is possible to set a tracking target from the re-
ceived signals obtained at the first timing as a so-called
stillimage, and accordingly, it is possible to precisely set
the tracking target by magnifying the received signal, for
example. Fig. 16E shows an example in which the rear
wall is set as a tracking target. The time point t3011 is
the first timing. Among the received signals at the time
point t3011, a depth range including the signal part of the
rear wall is set as a signal range (depth range) desired
to be the tracking target. This signal range is a region
surrounded with a thick line. A signal waveform in the
signal range is set as a template waveform.

[0180] When the setting of the signal range is complet-
ed, hereinafter, the acquired received signal is continu-
ously monitored in real time. Specifically, a correlation
operation of the signal waveform in the signal range
among the received signals and the template waveform
is repeatedly performed, and a second timing, at which
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a correlation value satisfies threshold value conditions is
detected. That is, the second timing at which equivalent
conditions in which the signal waveform in the signal
range among the received signals corresponds to the
template waveform are satisfied, is continuously moni-
tored. The tracking is started at this second timing.
[0181] Fig. 16F shows a change in the correlation val-
ue. A timing at which the correlation value is equal to or
greater than a threshold value is detected as the second
timing. The time point t3014 is the second timing. As
shown in Fig. 16E, at the time point t3014, the rear wall
is positioned in the same depth position as the time point
t3011 which is the first timing. Accordingly, the part de-
sired to be tracked and the part to actually be tracked are
not different from each other. Since the tracking is started
from the received signal acquired at the second timing
(time point t3014), the tracking point (region of interest)
is set from the received signal acquired at the second
timing. Specifically, the tracking is started by using the
signal part of the signal range as the tracking point (region
of interest), among the received signals acquired at the
second timing.

[0182] The tracking target may be only one of the front
wall and the rear wall, but both walls are designated and
set in the third embodiment. This is because a displace-
ment amount of one of the front wall and the rear wall
may be great, while a displacement amount of the other
one is small. This phenomenon may occur due to a vas-
cular state or vascular surrounding tissues and may oc-
cur depending on a blood vessel to be measured, a po-
sition to be measured, or a subject. Figs. 17A to 17F
show an example of a case in which the displacement
amount of one of the front wall and the rear wall is great
and the displacement amount of the other one is small.
Figs. 17A to 17F show a case in which the displacement
amount of the front wall is small and the displacement
amount of the rear wall is great. Figs. 17A to 17F are
shown in the same manner as Figs. 16A to 16F.

[0183] In Figs. 17A to 17F, the depth positions of the
front wall are substantially the same positions regardless
of the pulsation. Accordingly, as shown in Fig. 17F, the
correlation value relating to the front wall is substantially
the constant value, and the second timing at which the
correlation value is equal to or greater than a threshold
value TH3 may be before a time point t3024. By desig-
nating and setting both of the front wall and the rear wall
as the tracking targets, it is possible to more accurately
detect the second timing.

[0184] Next, the setting of the first timing will be de-
scribed.

[0185] The signal range and the template waveform
may be set by setting the first timing as an arbitrary timing,
but the blood vessel walls are displaced due to the pul-
sation. Accordingly, by determining a period in which the
blood vessel walls are not displaced or the displacement
amount is small and setting the period as the first timing,
itis possible to more accurately detect the second timing.
[0186] The period in which the displacement of the
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blood vessel walls is small is during diastole, particularly
telediastolic period. A method of determining the period
and detecting the period as the first timing will be de-
scribed with reference to the drawing.

[0187] Fig. 18 is a diagram showing an example of a
flow of a process of detecting the first timing and is a
diagram showing a first process example. Inthe first proc-
ess example, first, a position of the blood vessel wall is
detected from the received signal of the reflected wave
(Step A3001). That is, the position of the blood vessel
wall is tracked in advance. The blood vessel wall to be
detected may be one or both of the front wall and the rear
wall. It is preferable to detect both thereof, in order to
improve the accuracy. Then, a displacement amount of
the blood vessel wall in successive preceding and suc-
ceeding frames is calculated (Step A3003). A timing
when this displacement amount satisfies predetermined
minute displacement conditions, that is, a timing when
the displacement amount is equal to or smaller than a
threshold value (StepA3005), is detected as the first tim-
ing (Step A3007). This method is a method using the fact
that the displacement amount of the blood vessel wall is
small during diastole. It is also possible to detect the tel-
ediastolic period depending on the threshold value in
Step A3005.

[0188] Fig. 19is a diagram showing a second process
example. In the second process example, first, a position
of the blood vessel is detected from the received signal
of the reflected wave (Step B3001). That is, the position
of the blood vessel is tracked in advance. Then, a corre-
lation operation of signals of blood vessel parts among
the received signals in successive preceding and suc-
ceeding frames is performed (Step B3003). A timing
when this correlation value satisfies predetermined high
correlation conditions, that is, a timing when the correla-
tion value is equal to or greater than a threshold value
(Step B3005), is detected as the first timing (Step B3007).
This method is a method using the fact thatthe correlation
of signals is high even with the received signals of differ-
ent frames, because the displacement amount of the
blood vessel is small during diastole. It is also possible
to detect the telediastolic period depending on the thresh-
old value in Step B3005.

[0189] Fig. 20 is a diagram showing a third process
example. In the third process example, the ultrasonic
measurement apparatus 3010 inputs an electrocardio-
gram (ECG) signal of the subject 3002 from outside (Step
C3001) and detects a leading-up time point Tr of an R
wave appearing on the ECG signal (Step C3003). The
predetermined time (for example, several ms) from the
detected time point Tr, is detected as the first timing
(Steps C3005 and C3007). This is a method using the
fact that the diastole can be determined based on the R
wave of the ECG signal. It is also possible to detect the
telediastolic period depending on the setting of the de-
termination period based on the time point Tr.

[0190] Fig. 21 is a diagram showing a fourth process
example. In the fourth process example, first a position
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of a blood vessel external film is detected from the re-
ceived signal of the reflected wave (Step D3001). That
is, the position of the blood vessel external film is tracked
in advance. Then, a standard deviation o of the external
film detection position for the past M frames from the
preset is calculated (Step D3003). A timing when the
standard deviation ¢ satisfies predetermined minute dis-
placement conditions, that is, a timing when the standard
deviation o is equal to or smaller than a threshold value
(Step D3005), is detected as the firsttiming (Step D3007).
This method is a method using the fact that the variation
of the position of the blood vessel external film is equal
to or smaller than a certain value during diastole. It is
also possible to detect the telediastolic period depending
on the threshold value in Step D3005.

Description of Functional Configuration of Third Embod-
iment

[0191] Next, the functional configuration for realizing
the third embodiment will be described.

[0192] Fig. 22 is a block diagram showing an example
of the functional configuration of the ultrasonic measure-
ment apparatus 3010 in the third embodiment. The ultra-
sonic measurement apparatus 3010 includes an opera-
tion input unit 3100, an ultrasonic wave transmission and
reception unit 3102, a processing unit 3200, a display
unit 3300, and a storage unit 3500.

[0193] The operation input unit 3100 receives various
kinds of operation input by the operator, and outputs an
operation input signal corresponding to the operation in-
put to the processing unit 3200. The operation input unit
3100 can be implemented by a button switch, a lever
switch, a dial switch, a track pad, a mouse, or the like. In
the example shown in Fig. 15, the touch panel 3012 or
the keyboard 3014 corresponds to the operation input
unit.

[0194] Theultrasonic wave transmission and reception
unit 3102 transmits an ultrasonic wave with a pulse volt-
age output from the processing unit 3200. Then, the ul-
trasonic wave transmission and reception unit receives
a reflected wave of the transmitted ultrasonic wave, con-
verts the reflected wave into an electrical signal, and out-
puts the electrical signal to the processing unit 3200. The
ultrasonic probe 3016 shown in Fig. 15 corresponds to
the ultrasonic wave transmission and reception unit.
[0195] The processing unit 3200 is realized by a mi-
croprocessor, such as a CPU or a graphic processor unit
(GPU), or an electronic component, such as an ASIC,
field-programmable gate array (FPGA) or an IC memory,
for example. In addition, the processing unit 3200 per-
forms control of the input and output of data to each func-
tional unit, and calculates biological information of the
subject 3002 by performing various kinds of arithmetic
processing based on a predetermined program or data,
the operation input signal from the operation input unit
3100, the signal from the ultrasonic wave transmission
and reception unit 3102, or the like. The processor 3030
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and the control board 3031 shown in Fig. 15 correspond
to the processing unit 3200.

[0196] The processing unit 3200 includes an ultrasonic
wave control unit 3202, a tracking unit 3210, a tracking
starting control unit 3230, a front and rear walls detection
unit 3244, a vascular function measurement control unit
3248, a measurement result record and display control
unit 3250, and an image generation unit 3260.

[0197] The ultrasonic wave control unit 3202 controls
the transmission of an ultrasonic wave toward the blood
vessel and the reception of a reflected wave. For exam-
ple, the ultrasonic wave control unit includes a driving
control unit 3204, a transmission and reception control
unit 3206, and a received signal combination unit 3208,
and performs overall control of ultrasonic measurement.
The ultrasonic wave control unit 3202 can be realized by
the well-known technologies.

[0198] The driving control unit 3204 controls the trans-
mission timing of ultrasonic pulses from the ultrasonic
probe 3016, and outputs a transmission control signal to
the transmission and reception control unit 3206.
[0199] The transmission and reception control unit
3206 generates a pulse voltage according to the trans-
mission control signal from the driving control unit 3204,
and outputs the pulse voltage to the ultrasonic wave
transmission and reception unit 3102. In this case, it is
possible to adjust the output timing of the pulse voltage
to each ultrasonic transducer by performing transmission
delay processing. In addition, it is possible to perform the
amplification or filtering of the signal output from the ul-
trasonic wave transmission and reception unit 3102 and
to output the result to the received signal combination
unit 3208.

[0200] The received signal combination unit 3208 per-
forms processing related to the so-called focus of a re-
ceived signal by performing delay processing as neces-
sary, thereby generating reflected wave data 3510 in-
cluding received signal data 3516 (see Fig. 24). The re-
flected wave data 3510 is used in the tracking starting
control unit 3230 and the tracking unit 3210.

[0201] The tracking starting control unit 3230 is a func-
tional unit that performs starting control of the tracking
described above, and includes a setting unit 3232, an
extraction unit 3237, a correlation operation unit 3238,
and a detection unit 3239. In the third embodiment, the
tracking starting control unit 3230 is realized as the soft-
ware by reading out and executing a tracking starting
control program 3502 (see Fig. 24) by the processing
unit 3200, but the tracking starting control unit may be
realized as the hardware by the electronic circuit such
as an FPGA. The extraction unit 3237, the correlation
operation unit 3238, and the detection unit 3239 may be
configured with the electronic circuit such as an FPGA.
[0202] The setting unit 3232 is a functional unit that
sets the tracking target, and includes a first timing detec-
tion unit 3233 for detecting the first timing, a signal range
setting unit 3234 that sets a position range (signal range)
in a depth direction in the received signal according to
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the operation input of the operation input unit 3100, and
a template setting unit 3236 that sets a signal waveform
inthe signalrange in the received signal as a signal wave-
form template. The first timing detection unit 3233 is a
functional unit that detects the first timing using any one
of methods described with reference to Figs. 18 to 21.
The threshold value conditions (predetermined minute
displacement conditions) are stored as first determina-
tion condition data 3518 in the storage unit 3500, in order
to determine the first timing.

[0203] The signal range setting unit 3234 respectively
sets signal ranges for the front wall and the rear wall from
the received signals at the first timing, and stores front
wall signal range data 3521a and rear wall signal range
data 3521b (collectively referred to as "signal range data
3521") in the storage unit 3500 (see Fig. 24). In the same
manner as described above, the template setting unit
3236 also respectively sets signal waveform templates
for the front wall and the rear wall and stores a front wall
signal waveform template 3523a and a rear wall signal
waveform template 3523b (collectively referred to as a
"signal waveform template 3523") in the storage unit
3500.

[0204] The setting of the signal range and the signal
waveform template will be described in detail with refer-
ence to Fig. 23. Fig. 23 shows an example of a reflected
wave signal obtained at the first timing. The setting unit
3232, for example, displays the received signal on the
display unit 3300 and sets the front wall signal range FW3
(3521a) and the rear wall signal range RW3 (3521b) ac-
cording to the setting instruction operation from the op-
eration input unit 3100. The signal ranges (front wall sig-
nal range FW3 and rear wall signal range RW3) are data
for determining a range of the depth position. When set-
ting the signal ranges, it is possible to accurately set the
ranges by magnifying and displaying the received signal.
[0205] When the setting of the signal range is complet-
ed, the setting unit 3232 cuts out a signal part in the front
wall signal range FW3 and sets the signal part as the
front wall signal waveform template FT3 (3523a), and
cuts out a signal part in the rear wall signal range RW3
and sets the signal part as the rear wall signal waveform
template RT3 (3523b).

[0206] The description will be performed by returning
to Fig. 22. The extraction unit 3237, the correlation op-
eration unit 3238, and the detection unit 3239 function to
detect the second timing.

[0207] The extraction unit 3237 extracts the signal part
in the front wall signal range FW3 and the signal part in
the rear wall signal range RW3 among the received sig-
nals output from the ultrasonic wave control unit 3202 on
each occasion, and outputs the signal parts to the cor-
relation operation unit 3238.

[0208] For the front wall and the rear wall, the correla-
tion operation unit 3238 performs the correlation opera-
tion of the signal waveform templates and the signal parts
extracted by the extraction unit 3237, calculates a corre-
lation value, and outputs the correlation value to the de-
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tection unit 3239. As the correlation operation, normal-
ized cross-correlation or zero-mean normalized cross-
correlation can be used, for example.

[0209] The detection unit 3239 detects whether or not
the correlation value satisfies the equivalent conditions,
that is, the correlation value is equal to or greater than
the threshold value, thereby detecting the second timing.
When the second timing is detected, the detection unit
outputs a tracking starting instruction signal to the track-
ing unit 3210.

[0210] The tracking unit 3210 starts the tracking ac-
cording to the tracking starting instruction signal from the
detection unit 3239. The tracking points (regions of inter-
est) are set in the signal parts in the predetermined signal
ranges among the received signals at the time when the
tracking starting instruction signal is input. Accordingly,
the parts desired to be tracked are accurately set as the
tracking points. For the tracking hereinafter, the well-
known technologies can be used. For example, the func-
tions of the "echo tracking" or the "phase difference track-
ing" are realized.

[0211] The front and rear walls detection unit 3244 de-
tects vascular feature points from the received signal, as
a previous step of the setting by the setting unit 3232.
Specifically, two peaks which have signal strengths equal
to or greater than a predetermined signal strength and
in which the signal strength therebetween is equal to or
smaller than a predetermined low strength indicating
blood, are detected as the front wall and the rear wall.
The detecting method of the front wall and the rear wall
is not limited to this method, and the other methods may
be used.

[0212] The vascularfunction measurement control unit
3248 determines the displacement of the blood vessel
diameter based on the positions of the front wall and the
rear wall of the blood vessel 3004 which are continuously
measured by the tracking unit 3210, and performs the
control relevant to predetermined vascular function
measurement. For example, the operation control of ex-
ecuting processing of estimating a blood pressure from
the blood vessel diameter using a stiffness parameter
and measuring the blood pressure is performed, for ex-
ample.

[0213] The measurement result record and display
control unit 3250 performs control for storing the meas-
urement result of the vascular function in the storage unit
3500 and displaying the measurement result on the dis-
play unit 3300.

[0214] The image generation unit 3260 generates an
image for displaying a measurement result or various
operation screens required for ultrasonic measurement
or biological information measurement, and outputs the
image to the display unit 3300.

[0215] The display unit 3300 displays image data input
from the image generation unit 3260. The touch panel
3012 shown in Fig. 15 corresponds to the display unit.
[0216] The storage unit 3500 is realized by a storage
medium, such as an IC memory, a hard disk, or an optical
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disc, and stores various programs or various kinds of
data, such as data in the operation process of the
processing unit 3200. In Fig. 15, the storage medium
3033 mounted in the control board 3031 of the processor
3030 corresponds to the storage unit. In addition, the
connection between the processing unit 3200 and the
storage unit 3500 is not limited to a connection using an
internal bus circuit in the apparatus, and may be realized
by using a communication line, such as a local area net-
work (LAN) or the Internet. In this case, the storage unit
3500 may be realized by using a separate external stor-
age device from the ultrasonic measurement apparatus
3010.

[0217] Inaddition, as shown in Fig. 24, the storage unit
3500 stores a measurement program 3501, reflected
wave data 3510, first timing determination condition data
3518, setting data 3520, equivalent condition data 3530,
and vascular function measurement data 3570. Need-
lessto say, frame identification information, various flags,
counter values for time checking, and the like other than
those described above can also be appropriately stored.
[0218] The processing unit 3200 realizes the functions
ofthe ultrasonic wave control unit 3202, the tracking start-
ing control unit 3230, the front and rear walls detection
unit 3244, the vascular function measurement control unit
3248, the measurement result record and display control
unit 3250, and the image generation unit 3260, by reading
out and executing the measurement program 3501. The
tracking starting control program 3502 for realizing the
function of the tracking starting control unit 3230 is in-
cluded in the measurement program 3501 as a subrou-
tine program. In addition, a first timing detection program
3503 for realizing the function of the first timing detection
unit 3233 is included in the tracking starting control pro-
gram 3502 as a subroutine program.

[0219] Inaddition, when realizing these functional units
with hardware, such as an electronic circuit, a part of the
program for realizing the function can be omitted.
[0220] Thereflected wave data 3510 is reflected wave
data obtained by ultrasonic measurement, and is gener-
ated for each frame by the ultrasonic wave control unit
3202. A piece of reflected wave data 3510, for example,
includes a scanning line ID 3512, a measurement frame
3514, and received signal data (depth-signal strength da-
ta) 3516. Needless to say, data other than those de-
scribed above can also be appropriately stored.

[0221] The first timing determination condition data
3518 is data for determining the conditions (threshold
value described with reference to Figs. 18 to 21) for the
first timing detection unit 3233 to determine the first tim-
ing.

[0222] The setting data 3520 stores the signal range
data 3521 which is data of the signal ranges set by the
setting unit 3232, and the signal waveform template
3523, based on the received signal at the first timing.
[0223] The equivalent condition data 3530 is data for
determining the threshold conditions of the correlation
value for the detection unit 3239 to detect the second
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timing, and the threshold value TH3 of Figs. 16A to 17F
are determined, for example.

[0224] The vascular function measurement data 3570
stores the data in which the positions of the front wall and
the rear wall of the blood vessel 3004 tracked by the
tracking unit 3210 correspond to the time information at
which the corresponding received signal is obtained, the
data of the blood vessel diameter calculated from the
positions of the front wall and the rear wall, or the data
of the blood pressure calculated based on the blood ves-
sel diameter.

Description of Flow of Process of Third Embodiment

[0225] Next, the operation of the measurement proc-
ess of the ultrasonic measurement apparatus 3010 will
be described.

[0226] Fig. 25 is a flowchart for illustrating a flow of
measurement process of the ultrasonic measurement
apparatus 3010 in the third embodiment.

[0227] In this process, the processing unit 3200 starts
a process of transmitting an ultrasonic beam for each
ultrasonic transducer (scanning line) of the ultrasonic
wave transmission and reception unit 3102, receiving the
reflected wave, and storing the reflected wave data 3510
in the storage unit 3500 on each occasion.

[0228] First, the frontand rear walls detection unit 3244
determines whether or not the feature points are included
in the received signal, based on the received signal data
3516 obtained by the transmission and reception of the
ultrasonic waves on each occasion, and therefore stands
by until the feature points are detected (Step S3001: No).
In the third embodiment, the feature points are peak in-
dicating the front wall and the rear wall of the blood vessel
3004. When the feature points are detected (Step S3001:
YES), the tracking starting control process is performed
by the tracking starting control unit 3230 (Steps S3002
to S3007).

[0229] That s, first, the first timing detection unit 3233
detects the first timing (Step S3002). For the detecting
method of the first timing, any methods described with
reference to Figs. 18 to 21 may be used. When the first
timing can be detected (Step S3002: YES), the setting
unit 3232 sets the signal range and the signal waveform
template using the received signal at the first timing (Step
S3003). Then, the extraction unit 3237 extracts the signal
part in the signal range among the subsequent received
signals on each occasion, and the correlation operation
unit 3238 determines whether or not the signal part cor-
responds to the signal waveform template using the
equivalent condition data 3530. Specifically, the correla-
tion operation unit 3238 performs the correlation opera-
tion of the signal part and the signal waveform template
(Step S3005) and determines whether or not the corre-
lation value satisfies the equivalent conditions (threshold
value conditions), that is, the second timing (Step
S3007). The processes in Step S3005 to S3007 are re-
peated and the second timing is monitored, until the
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equivalent conditions are satisfied (Step S3007: NO).
[0230] When the equivalent conditions are satisfied
(Step S3007: YES), the detection unit 3239 outputs the
tracking starting instruction signal to the tracking unit
3210 when the second timing is detected, and the track-
ing unit 3210 starts the tracking (Step S3009). The vas-
cular function measurement control unit 3248 starts the
measurement of the vascular function (Step S3011).
[0231] After that, when the completion operation of the
measurement process is performed (Step S3013: YES),
the measurement process ends.

[0232] Hereinabove, according to the third embodi-
ment, the signal range including the signal part for track-
ing the movement of the blood vessel walls of the blood
vessel due to the pulsation, and the signal waveform tem-
plate in the signal range, among the received signals
obtained by receiving the reflected wave of the ultrasonic
wave transmitted to the blood vessel 3004, are set. This
setting is performed based on the received signals ob-
tained at the first timing. Thus, the setting can be per-
formed based on the received signal at a certain time,
as a stillimage, and therefore it is possible to accurately
set the desired tracking target.

[0233] After the setting of the tracking target, the sec-
ond timing when the signal part corresponding to the set
signal range and the set signal waveform template
among the received signals satisfy the predetermined
equivalent conditions, is detected. The tracking is started
at the second timing. In addition, the first timing is during
diastole when the position change of the blood vessel
wallis slight. Accordingly, the second timing is also during
diastole. Accordingly, although there is a difference in
time between the first timing and the second timing, a
possibility of the part desired to be tracked and the part
to actually be tracked being different from each other is
extremely low, regardless of the problems regarding the
difference in time.

[0234] In the third embodiment, it is possible to appro-
priately add, omit, and change the constituent elements.
For example, in the third embodiment, the both of the
front wall and the rear wall of the blood vessel are the
tracking targets in the above description, but only one
thereof may be the tracking target.

[0235] In addition, the correlation operation is per-
formed in the above description, but instead of the sim-
ilarity such as the correlation value, dissimilarity such as
sum of squared difference (SSD) or sum of absolute dif-
ference (SAD) may be used. However, when using SSD
or SAD, as the value decreases the similarity increases,
and therefore the equivalent conditions (threshold value
condition) are set to have the value equal to or smaller
than the threshold value.

Fourth Embodiment
[0236] Fig. 26 is a diagram showing an example of the

system configuration of an ultrasonic measurement ap-
paratus 4010 according to a fourth embodiment. The ul-
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trasonic measurement apparatus 4010 is an apparatus
that measures biological information of a subject 4002
by measuring the reflected waves of ultrasonic waves.
In the fourth embodiment, vascular function information
such as blood pressure relating to a blood vessel 4004
which is an artery and an intima media thickness (IMT),
is measured as a piece of biological information. In Fig.
26, a carotid artery is set as a blood vessel 4004 to be
measured, but the other artery such as a radial artery
may be set as the blood vessel 4004 to be measured.
[0237] The ultrasonic measurement apparatus 4010
includes a touch panel 4012 serving as a unit that dis-
plays a measurement result or operation information as
animage and as an operation input unit, a keyboard 4014
used for operation input, an ultrasonic probe 4016, and
a processor 4030. A control board 4031 is mounted in
the processor 4030, and is connected to each unit of the
apparatus, such as the touch panel 4012, the keyboard
4014, and the ultrasonic probe 4016, so that signal trans-
mission and reception therebetween are possible.
[0238] Not only various integrated circuits, such as a
central processing unit (CPU) 4032 and an application
specific integrated circuit (ASIC), but also a storage me-
dium 4033, such as an IC memory or a hard disk, and a
communication IC 4034 for realizing data communication
with an external device are mounted on the control board
4031. The processor 4030 realizes various functions ac-
cording to the fourth embodiment such as a control op-
eration for starting tracking of a vessel wall of the blood
vessel 4004 according to the ultrasonic measurement
and measurement of vascular function information for
the blood vessel 4004 by executing a measurement pro-
gram stored in the storage medium 4033 with the CPU
4032 or the like.

[0239] Specifically, by the control of the processor
4030, the ultrasonic measurement apparatus 4010 trans-
mits and emits an ultrasonic beam from the ultrasonic
probe 4016 to the subject 4002 and receives the reflected
wave. Then, by performing signal processing on a re-
ceived signal of the reflected wave (hereinafter, simply
referred to as a "received signal"), it is possible to gen-
erate reflected wave data, such as a temporal change or
position information of a structure in the living body of
the subject 4002. Images in respective modes of so-
called A mode, Bmode, Mmode, and color Doppler are
included in the reflected wave data. Measurement using
an ultrasonic wave is repeatedly performed at predeter-
mined periods. The measurement unit is referred to as
a "frame".

[0240] The ultrasonic measurement apparatus 4010
sets tracking point (a region of interest) in the received
signal of the frame when starting the measurement. In
the subsequent frames, the ultrasonic measurement ap-
paratus can perform so-called "tracking" that is tracking
the tracking point from the received signal of the frames
and calculating the displacement. In the fourth embodi-
ment, the blood vessel walls of the blood vessel 4004
are set as the tracking points, and the ultrasonic meas-
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urement apparatus 4010 has characteristics relating to
the setting and starting control of the tracking points. In
the fourth embodiment, the description will be performed
by focusing on the rear wall as the blood vessel wall of
the tracking target, but the front wall is also set as the
tracking target in the same manner.

Description of Principle of Fourth Embodiment

[0241] Principles of the setting of the tracking points
and the starting control of the tracking will be described.
[0242] Figs. 27A to 27C are diagrams schematically
showing the reflected wave data obtained by signal
processing of the received signal, in which Fig. 27A
shows a time axis, Fig. 27B shows a schematic M mode
image relating to the rear wall, and Fig. 27C shows a
schematic A mode image relating to the rear wall. The A
mode image can be referred to as the received signal as
it is, and therefore, the A mode image will be described
as the same meaning as the received signal, hereinafter.
In the ultrasonic measurement, the reflected wave from
the front wall and the rear wall of the blood vessel 4004
is detected strongly. The signal parts of the received sig-
nal shown in Fig. 27C are obtained by cutting out a cir-
cumferential part including the signal parts from the rear
wall, and are signal part in a constant depth range.
[0243] The frontwall and the rear wall of the blood ves-
sel 4004 are displaced back and forth when seen from
the ultrasonic probe 4016 (in depth direction) due to the
pulsation. For example, the parts of the rear wall are dis-
placed as shown in Figs. 27B and 27C. Time points t4011
to t4014 are for one pulse. The front wall and the rear
wall are displaced, but return to the same position after
the one pulse. For example, in Fig. 27C, peaks of the
rear walls are shown in substantially the same depth po-
sition in a signal waveform at the time point t4011 and in
a signal waveform at the time pointt4014. That is, among
the received signals, the range in which the signal parts
of the blood vessel wall are displaced is within a certain
range.

[0244] Fig. 28 is a diagram for illustrating initial setting
of the tracking point and shows the schematic A mode
image relating to the rear wall. First, a timing point t4021
shown at the left of Fig. 28 is the first timing. A target
desired to be tracked (signal waveform part of blood ves-
sel wall) is designated and set from the received signal
obtained at the first timing. It is possible to set a tracking
target fromthe received signals obtained at the first timing
as a so-called still image, and accordingly, it is possible
to precisely set the tracking target by magnifying the re-
ceived signal, for example. The part of the signal wave-
form of the set tracking target is set as the signal wave-
form template.

[0245] Next, when an instruction to start the tracking
and to start the measurement of blood vessel diameter
function information is input, the signal part conformable
to the signal waveform template is searched from the
received signals at the timing when the instruction is input
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(second timing), the tracking point is initially set in the
position of the signal part, and the tracking is started. A
time pointt4022 shown at the right of Fig. 28 is the second
timing.

[0246] The signal part conformable to the signal wave-
form template is searched as follows. That is, the signal
part having the same width as the width (size of the range
in the depth direction) of the signal range of the signal
waveform template is cut out from the received signals
at the second timing (time point t4022) and is selected
as an operation target signal part. The correlation oper-
ation of the operation target signal part and the signal
waveform template is performed. The selection of the
operation target signal part and the correlation operation
are performed by changing the operation target signal
part in a predetermined searching range among the re-
ceived signals at the second timing (time point t4022).
Forthe searchingrange, arange assumed as amaximum
displacement range of the rear wall is determined based
on the depth position of the signal waveform template.
[0247] Then,among the correlation values for each se-
lected position of the obtained operation target signal
part, the tracking point is initially set in the selected po-
sition satisfying the predetermined conformance condi-
tions. As the conformance conditions, the selected posi-
tion having the highest correlation value may be used,
or the selected position having the highest correlation
value and having the correlation value equal to or greater
than a predetermined value may be used, for example.
When there is no selected position satisfying the con-
formance conditions, the position of the rear wall at the
second timing may be beyond the searching range, and
accordingly the selection of the operation target signal
part and the correlation operation may be performed
again by expanding the searching range.

[0248] Magnitude of the signal to be subjected to the
correlation operation is a width (size of the range in the
depth direction) of the signal waveform template, and the
selection range of the operation target signal part is lim-
ited as the searching range. Accordingly, it is possible to
rapidly search the operation target signal part satisfying
the conformance conditions, and it is possible to execute
the process in the frame interval time, even when the
frame rate is, for example, 1 kHz. Therefore, the initial
setting of the tracking point can be completed until the
frame subsequent to the frame atthe second timingwhen
the measurement of the blood vessel diameter function
information is started reaches. Thus, the tracking with
the improved accuracy of the coincidence of the desired
part to be tracked (part of the signal waveform template)
and the partto actually be tracked (part set as the tracking
point) is realized.

Description of Functional Configuration of Fourth Em-
bodiment

[0249] Next, the functional configuration for realizing
the fourth embodiment will be described.
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[0250] Fig. 29 is a block diagram showing an example
of the functional configuration of the ultrasonic measure-
ment apparatus 4010 in the fourth embodiment. The ul-
trasonic measurement apparatus 4010 includes an op-
eration input unit 4100, an ultrasonic wave transmission
and reception unit4102, a processing unit4200, a display
unit 4300, and a storage unit 4500.

[0251] The operation input unit 4100 receives various
kinds of operation input by the operator, and outputs an
operation input signal corresponding to the operation in-
put to the processing unit 4200. The operation input unit
4100 can be implemented by a button switch, a lever
switch, a dial switch, a track pad, a mouse, or the like. In
the example shown in Fig. 26, the touch panel 4012 or
the keyboard 4014 corresponds to the operation input
unit.

[0252] Theultrasonic wave transmission and reception
unit 4102 transmits an ultrasonic wave with a pulse volt-
age output from the processing unit 4200. Then, the ul-
trasonic wave transmission and reception unit receives
a reflected wave of the transmitted ultrasonic wave, con-
verts the reflected wave into an electrical signal, and out-
puts the electrical signal to the processing unit4200. The
ultrasonic probe 4016 shown in Fig. 26 corresponds to
the ultrasonic wave transmission and reception unit.
[0253] The processing unit 4200 is realized by a mi-
croprocessor, such as a CPU or a graphic processor unit
(GPU), or an electronic component, such as an ASIC,
field-programmable gate array (FPGA) or an IC memory,
for example. In addition, the processing unit 4200 per-
forms control of the input and output of data to each func-
tional unit, and calculates biological information of the
subject 4002 by performing various kinds of arithmetic
processing based on a predetermined program or data,
the operation input signal from the operation input unit
4100, the signal from the ultrasonic wave transmission
and reception unit 4102, or the like. The processor 4030
and the control board 4031 shown in Fig. 26 correspond
to the processing unit 4200.

[0254] The processing unit4200 includes an ultrasonic
wave control unit 4202, a tracking unit 4210, a tracking
initial control unit 4230, a blood vessel walls detection
unit 4244, a vascular function measurement control unit
4248, a measurement result record and display control
unit 4250, and an image generation unit 4260.

[0255] The ultrasonic wave control unit 4202 controls
the transmission of an ultrasonic wave toward the blood
vessel and the reception of a reflected wave. For exam-
ple, the ultrasonic wave control unit includes a driving
control unit 4204, a transmission and reception control
unit 4206, and a received signal combination unit 4208,
and performs overall control of ultrasonic measurement.
[0256] The driving control unit 4204 controls the trans-
mission timing of ultrasonic pulses from the ultrasonic
probe 4016, and outputs a transmission control signal to
the transmission and reception control unit 4206.
[0257] The transmission and reception control unit
4206 generates a pulse voltage according to the trans-
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mission control signal from the driving control unit 4204,
and outputs the pulse voltage to the ultrasonic wave
transmission and reception unit 4102. In this case, it is
possible to adjust the output timing of the pulse voltage
to each ultrasonic transducer by performing transmission
delay processing. In addition, it is possible to perform the
amplification or filtering of the signal output from the ul-
trasonic wave transmission and reception unit 4102 and
to output the result to the received signal combination
unit 4208.

[0258] The received signal combination unit 4208 per-
forms processing related to the so-called focus of a re-
ceived signal by performing delay processing as neces-
sary, thereby generating reflected wave data 4510 in-
cluding received signal data 4516 (see Fig. 31). The re-
flected wave data 4510 is used in the tracking initial con-
trol unit 4230 and the tracking unit 4210.

[0259] The tracking initial control unit 4230 includes a
template setting unit 4236 and a tracking starting control
unit 4237. In the fourth embodiment, the tracking initial
control unit 4230 is realized as the software by reading
out and executing a tracking initial control program 4502
(see Fig. 31) by the processing unit 4200, but the tracking
initial control unit may be realized as the hardware by the
electronic circuit such as an FPGA. The template setting
unit 4236 or the tracking starting control unit 4237 may
be configured with the electronic circuit suchas an FPGA,
separately.

[0260] As described above, the template setting unit
4236 sets the signal part showing the waveforms of the
tracking target (waveforms of the front wall and the rear
wall of the blood vessel wall) as the signal waveform tem-
plate. It is possible to precisely set the signal waveform
template from the received signals obtained at the first
timing by magnifying the received signals a so-called still
image. The setting of the signal waveform template can
be manually performed by an operator, but the setting
may be automatically executed by a program of extract-
ing the signal part of the blood vessel wall.

[0261] The setting of the signal waveform template will
be described in detail with reference to Fig. 30. Fig. 30
is a diagram showing an example of the reflected wave
signal obtained at the first timing. The template setting
unit 4236, for example, displays the received signal on
the display unit 4300 and specifies a front wall signal
range FW4 and a rear wall signal range RW4 according
to the setting instruction operation from the operation in-
put unit 4100. The signal ranges are data for determining
arange of the depth position. When specifying the signal
ranges, itis possible to accurately set the ranges by mag-
nifying and displaying the received signal.

[0262] The template setting unit 4236 sets the signal
waveform in the specified signal range as the signal
waveform template 4523 (see Fig. 31). The signal wave-
form in the front wall signal range FW4 is set as a front
wall signal waveform template FT4, and the rear wall
signal range RW4 is set as a rear wall signal waveform
template RT4.
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[0263] The tracking starting control unit 4237 is a func-
tional unit initially sets the tracking points using the set
signal waveform templates and controls to start the track-
ing, when an instruction to start the measurement is input
to the operation input unit4100, and includes a searching
unit4238 including a correlation operation unit 4239. The
basic operation principle is as described above with ref-
erence to Fig. 28. That is to say, the operation target
signal part is selected from the received signals at the
second timing when the measurement is started and the
correlation operation of the operation target signal part
and the signal waveform template is performed. This is
performed by changing the operation target signal part
in a predetermined searching range among the received
signals atthe second timing, and accordingly, the search-
ing unit 4238 searches the selected position satisfying
the predetermined conformance conditions among the
correlation values for each selected position of the oper-
ation target signal part. The tracking point is initially set
in the selected position (signal part) satisfying the pre-
determined conformance conditions. When the setting
of the tracking point is completed, the tracking starting
control unit 4237 outputs the initially set information of
the tracking points to the tracking unit 4210 and starts
the tracking.

[0264] The tracking unit 4210 starts the tracking ac-
cording to the tracking starting instruction signal from the
tracking starting control unit 4237. The tracking points
(regions of interest) are set in the received signal at the
second timing, based on the initially set information from
the tracking starting control unit 4237. Accordingly, the
parts desired to be tracked are accurately setas the track-
ing points. For the tracking hereinafter, the well-known
technologies can be used. For example, the functions of
the "echo tracking" or the "phase difference tracking" are
realized.

[0265] The blood vessel walls detection unit 4244 de-
tects vascular feature points from the received signal, as
a previous step of the setting by the template setting unit
4236. Specifically, two peaks which have signal strengths
equal to or greater than a predetermined signal strength
and in which the signal strength therebetween is equal
to or smaller than a predetermined low strength indicating
blood, are detected as the front wall and the rear wall.
The detecting method of the front wall and the rear wall
is not limited to this method, and the other methods may
be used.

[0266] The vascularfunction measurement control unit
4248 determines the displacement of the blood vessel
diameter based on the positions of the front wall and the
rear wall of the blood vessel 4004 which are continuously
measured by the tracking unit 4210, and performs the
control relevant to predetermined vascular function
measurement. For example, the operation control of ex-
ecuting processing of estimating a blood pressure from
the blood vessel diameter using a stiffness parameter
and measuring the blood pressure is performed, for ex-
ample.
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[0267] The measurement result record and display
control unit 4250 performs control for storing the meas-
urement result of the vascular function in the storage unit
4500 and displaying the measurement result on the dis-
play unit 4300.

[0268] The image generation unit 4260 generates an
image for displaying a measurement result or various
operation screens required for ultrasonic measurement
or biological information measurement, and outputs the
image to the display unit 4300.

[0269] The display unit4300 displays image data input
from the image generation unit 4260. The touch panel
4012 shown in Fig. 26 corresponds to the display unit.
[0270] The storage unit 4500 is realized by a storage
medium, such as an IC memory, a hard disk, or an optical
disc, and stores various programs or various kinds of
data, such as data in the operation process of the
processing unit 4200. In Fig. 26, the storage medium
4033 mounted in the control board 4031 of the processor
4030 corresponds to the storage unit. In addition, the
connection between the processing unit 4200 and the
storage unit 4500 is not limited to a connection using an
internal bus circuit in the apparatus, and may be realized
by using a communication line, such as a local area net-
work (LAN) or the Internet. In this case, the storage unit
4500 may be realized by using a separate external stor-
age device from the ultrasonic measurement apparatus
4010.

[0271] Inaddition, as shown in Fig. 31, the storage unit
4500 stores a measurement program 4501, reflected
wave data 4510, setting data 4520, conformance condi-
tion data 4530, correlation operation result data 4550,
and vascular function measurement data 4570. Need-
less to say, frame identification information, various flags,
counter values for time checking, and the like other than
those described above can also be appropriately stored.
[0272] The processing unit 4200 realizes the functions
of the ultrasonic wave control unit4202, the tracking initial
control unit 4230, the blood vessel walls detection unit
4244, the vascular function measurement control unit
4248, the measurement result record and display control
unit4250, and the image generation unit4260, by reading
out and executing the measurement program 4501. The
tracking initial control program 4502 for realizing the func-
tion of the tracking initial control unit 4230 is included in
the measurement program 4501 as a subroutine pro-
gram.

[0273] Inaddition, whenrealizing these functional units
with hardware, such as an electronic circuit, a part of the
program for realizing the function can be omitted.
[0274] The reflected wave data 4510 is reflected wave
data obtained by ultrasonic measurement, and is gener-
ated for each frame by the ultrasonic wave control unit
4202. A piece of reflected wave data 4510, for example,
includes a scanning line ID 4512, a measurement frame
4514, and received signal data (depth-signal strength da-
ta) 4516. Needless to say, data other than those de-
scribed above can also be appropriately stored.
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[0275] The setting data 4520 stores the signal wave-
form template 4523 set by the template setting unit 4236,
and the data of the searching range 4525 for searching
the signal parts set as the tracking point by the searching
unit 4238 from the received signals at the second timing
when the measurement is started, based on the received
signals at the first timing. The searching range 4525 is,
forexample, setas therangerelative to the depth position
as areference, by the tracking starting control unit 4237.
The depth position as a reference can be set as a position
of the signal waveform template 4523 among the re-
ceived signals at the first timing.

[0276] The conformance condition data 4530 is data
for determining the conditions for the correlation values
for determining the signal part set as the tracking point
by the searching unit 4238.

[0277] Thecorrelation operation resultdata4550is da-
ta in which the correlation values acquired by the corre-
lation operation of the correlation operation unit 4239 is
stored by correlating to the position selected as the op-
eration target signal part.

[0278] The vascular function measurement data 4570
stores the data in which the positions of the front wall and
the rear wall of the blood vessel 4004 tracked by the
tracking unit 4210 correspond to the time information at
which the corresponding received signal is obtained, the
data of the blood vessel diameter calculated from the
positions of the front wall and the rear wall, or the data
of the blood pressure calculated based on the blood ves-
sel diameter.

Description of Flow of Process of Fourth Embodiment

[0279] Next, the operation of the measurement proc-
ess of the ultrasonic measurement apparatus 4010 will
be described.

[0280] Fig. 32 is a flowchart for illustrating a flow of
measurement process of the ultrasonic measurement
apparatus 4010 in the fourth embodiment.

[0281] In this process, the processing unit 4200 starts
a process of transmitting an ultrasonic beam for each
ultrasonic transducer (scanning line) of the ultrasonic
wave transmission and reception unit4102, receiving the
reflected wave, and storing the reflected wave data 4510
in the storage unit 4500 on each occasion.

[0282] First, the blood vessel walls detection unit 4244
determines whether or not the feature points are included
in the received signal, based on the received signal data
4516 obtained by the transmission and reception of the
ultrasonic waves on each occasion, and therefore stands
by until the feature points are detected (Step S4001: No).
In the fourth embodiment, the feature points are peak
indicating the front wall and the rear wall of the blood
vessel 4004. When the feature points are detected (Step
S4001: YES), the tracking initial control process is per-
formed by the tracking initial control unit 4230 (Steps
S4003 to S4019).

[0283] That is, the template setting unit 4236 sets the
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signal waveform template using the received signal ob-
tained at the first timing (Step S4003). Then, the tracking
starting control unit 4237 sets the searching range 4525
(Step S4005). The searching unit stands by until the in-
struction to start the measurement is operated (Step
S4007: NO), and when the instruction is operated (Step
S4007: YES), the searching unit 4238 selects the oper-
ation target signal part from the searching range 4525
among thereceived signals obtained atthe second timing
which is the timing when the instruction is operated (Step
S4009). The correlation operation unit 4239 performs the
correlation operation of the operation target signal part
and the signal waveform template 4523 (Step S4011),
and stores the acquired correlation value in the correla-
tion operation result data 4550 by correlating with the
position selected as the operation target signal part.
[0284] When the execution of the processes in Steps
S4009 to S4011 by deviating the selected position as the
operation target signal parts in the searching range 4525
is completed, the searching ends (Step S4013: YES),
and it is determined whether or not the correlation value
is a correlation value satisfying the conformance condi-
tions from the correlation operation result data 4550
(Step S4015). When there is no satisfied correlation val-
ue, the processes in Step S4009 to s4013 are repeated
again by expanding the searching range 4525 (Step
S4017).

[0285] When there is the correlation value satisfying
the conformance conditions, the tracking starting control
unit 4237 initially sets the tracking point in the position of
the signal part corresponding to the correlation value
among the signal parts obtained at the second timing and
controls the tracking unit 4210 to start the tracking (Step
S4019).

[0286] By starting the tracking after the second timing
by the tracking unit 4210, the measurement of the vas-
cular function is started by the vascular function meas-
urement control unit 4248 (Step S4021).

[0287] After that, the measurement is continued until
the operation of completion of the measurement process
is performed, and when the completion operation is per-
formed (Step S4023: YES), the measurement process
ends.

[0288] Hereinabove, according to the fourth embodi-
ment, the signal waveform template showing the part of
the blood vessel wall of the blood vessel is set based on
the received signal obtained at the first timing, among
the received signals obtained by receiving the reflected
wave of the ultrasonic wave transmitted to the blood ves-
sel 4004. Thus, the setting of the signal waveform tem-
plate can be performed based on the received signal at
a certain time, as a stillimage, and therefore itis possible
to accurately set the desired tracking target.

[0289] After the setting of the signal waveform tem-
plate, the signal part conformable to the signal waveform
template is searched, the tracking point is set in the part,
and the tracking is started. Accordingly, although there
is a difference in time between the timing when the signal
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waveform template is set and the starting timing of the
tracking, the part desired to be tracked and the part to
actually be tracked are not different from each other, re-
gardless of the problems regarding the difference in time.
[0290] In the fourth embodiment, it is possible to ap-
propriately add, omit, and change the constituent ele-
ments. For example, in the fourth embodiment, the both
of the front wall and the rear wall of the blood vessel are
the tracking targets in the above description, but only one
thereof may be the tracking target.

[0291] In addition, the correlation operation is per-
formed in the above description, but instead of the sim-
ilarity such as the correlation value, dissimilarity such as
sum of squared difference (SSD) or sum of absolute dif-
ference (SAD) may be used. However, when using SSD
or SAD, as the value decreases the similarity increases,
and therefore the equivalent conditions (threshold value
condition) are set to have the value equal to or smaller
than the threshold value.

[0292] As described above, the embodiments of the
invention have been described in detail, but it is apparent
to a person skilled in the art that various modifications
substantially not departing from novel matters and effects
of the invention can be performed. Therefore, all of mod-
ification examples are included in the scope of the inven-
tion.

Claims
1. An ultrasonic measurement apparatus comprising:

a transmission and reception control unit which
controls transmission of an ultrasonic wave to-
ward a blood vessel and reception of a reflected
wave;

a setting unit which sets a signal range including
a signal part for tracking movement of blood ves-
sel walls of the blood vessel due to pulsation,
and a signal waveform template in the signal
range, among received signals of the reflected
waves obtained at a first timing;

a detection unit which detects a second timing
when a signal waveform of the signal part cor-
responding to the signal range among the re-
ceived signals and the signal waveform tem-
plate satisfy predetermined equivalent condi-
tions; and

a tracking unit which starts the tracking at the
second timing.

2. The ultrasonic measurement apparatus according
to claim 1,
wherein the setting unit sets a front wall signal range
and a front wall signal waveform template relating to
a signal part of a front wall of the blood vessel, and
arear wall signal range and a rear wall signal wave-
form template relating to a signal part of a rear wall,
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and

the detection unit detects a timing when a signal
waveform of the signal part corresponding to the
front wall signal range and the front wall signal wave-
form template satisfy the equivalent conditions and
a signal waveform of the signal part corresponding
to the rear wall signal range and the rear wall signal
waveform template satisfy the equivalent conditions,
as the second timing.

An ultrasonic measurement method comprising:

controlling transmission of an ultrasonic wave
toward a blood vessel and reception of a reflect-
ed wave;

setting a signal range including a signal part for
tracking movement of blood vessel walls of the
blood vessel due to pulsation, and a signal
waveform template in the signal range, among
received signals of the reflected waves obtained
at a first timing;

detecting a second timing when a signal wave-
form of the signal part corresponding to the sig-
nal range among the received signals and the
signal waveform template satisfy predetermined
equivalent conditions; and

starting the tracking at the second timing.

The ultrasonic measurement apparatus according
to claim 1,

wherein the setting unit sets a front wall signal range
relating to a signal of a front wall of the blood vessel
and a rear wall signal range relating to a signal of a
rear wall, and

the detection unit detects a timing when the signal
corresponding to the front wall signal range satisfies
the conditions and the signal corresponding to the
rear wall signal range satisfies the conditions, as a
second timing.

The ultrasonic measurement apparatus according
to claim 4,

wherein the predetermined conditions are conditions
based on any one of a total amplitude value, an av-
erage amplitude value, and a mean amplitude value
of the signals corresponding to the signal ranges.

The ultrasonic measurement apparatus according
to any of claims 1, 2, 4 or 5,

wherein the timing detection unit detects the first tim-
ing by tracking the received signals of the reflected
waves in advance.

The ultrasonic measurement apparatus according
to any of claims 1, 2, 4, 5 or 6,

wherein the timing detection unit detects a timing
when displacement of peak waveform partsincluded
in the received signals satisfies predetermined con-
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ditions, as the first timing.

The ultrasonic measurement apparatus according
to any of claims 1,2 or4t0 7,

wherein the timing detection unit detects the first tim-
ing based on the displacement of the peak waveform
parts shown in a position of an external film part of
the blood vessel.

The ultrasonic measurement apparatus according
to any of claims 1, 2 or 4 to 8,

wherein the timing detection unit detects the first tim-
ing by measuring a change in a blood vessel diam-
eter of the blood vessel by the tracking in advance.

The ultrasonic measurement apparatus according
to any of claims 1,2 or4t0 9,

wherein the transmission and reception unit per-
forms the reception at a predetermined frame rate,
and

the timing detection unit detects a timing when cor-
relation values obtained by a correlation operation
of the received signals in preceding and succeeding
frames satisfy predetermined conditions, as the first
timing.

The ultrasonic measurement apparatus according
to any of claims 1, 2 or 4 to 10,

wherein the timing detection unit detects a timing of
a telediastolic period from the diastole, as the first
timing.

The ultrasonic measurement apparatus according
to any of claims 1, 2 or 4 to 11,

wherein the setting unit sets a front wall signal range
and a front wall signal waveform template relating to
a signal part of a front wall of the blood vessel, and
arear wall signal range and a rear wall signal wave-
form template relating to a signal part of a rear wall,
and

the detection unit detects a timing when a signal
waveform of the signal part corresponding to the
front wall signal range and the front wall signal wave-
form template satisfy the conditions and a signal
waveform of the signal part corresponding to the rear
wall signal range and the rear wall signal waveform
template satisfy the conditions, as the second timing.

The ultrasonic measurement apparatus according
to any of claims 1, 2 or 4 to 12,
wherein the blood vessel is an artery.
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