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ULTRASONIC PROBE, CONTROL DEVICE,
AND MEASUREMENT APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic probe

including an ultrasonic transducer array, and the like.
[0003] 2. Related Art

[0004] Biological information (hereinafter, referred to as
“vasculature biological information™) regarding a blood
vessel system which circulates blood includes various pieces
of information such as blood pressure, a blood vessel
diameter, pulse wave propagation velocity, a blood flow rate,
and a thickness of the intima and the media. There are
various methods of measuring the vasculature biological
information, and, above all, there is an ultrasonic measure-
ment method in which ultrasonic waves are transmitted to
and received from blood vessels as a noninvasive method
(for example, JP-A-2005-52424).

[0005] However, in the ultrasonic measurement of the
related art, generally, an ultrasonic probe including one or a
plurality of ultrasonic transducer arrays (hereinafter, abbre-
viated to “ultrasonic TD array”) for which drive frequencies
are the same as each other is used.

[0006] Not only in order to improve measurement accu-
racy but also in order to measure pulse wave propagation
velocity, there is a case where ultrasonic measurement is
desired to be performed at the same time or with a slight time
difference (hereinafter, collectively referred to as “the same
time”) at a plurality of locations. However, in the ultrasonic
probe of the related art, since drive frequencies for respec-
tive ultrasonic TD arrays are the same as each other, a gap
between the ultrasonic TD arrays (that is, a gap between
measurement locations) is required to be increased as much
as possible in order to prevent interference between trans-
mitted waves which are transmitted through a living body or
to prevent interference between reflected waves (received
waves).

SUMMARY

[0007] An advantage of some aspects of the invention is to
propose a new technique capable of realizing transmission
and reception of ultrasonic waves in parallel at a plurality of
locations in ultrasonic measurement.

[0008] A first aspect of the invention is directed to an
ultrasonic probe including ultrasonic transducer arrays of N
types (where N=2) for which drive frequencies are different
from each other; and a common signal line that is used for
both transmission and reception and to which the ultrasonic
transducer arrays are connected in common.

[0009] According to the first aspect, the ultrasonic probe
includes ultrasonic transducer arrays of N types for which
drive frequencies are different from each other. Thus, it is
possible to prevent the occurrence of interference in trans-
mission and reception of ultrasonic waves. Therefore, it is
possible to perform transmission and reception in parallel at
N locations. The ultrasonic transducer arrays of N types are
connected in common to the common signal line which is
used for both transmission and reception. Consequently, it is
possible to reduce the number of signal cables.

May 25, 2017

[0010] As a second aspect, the first aspect may be con-
figured as the ultrasonic probe in which the ultrasonic
transducer arrays of N types are provided to be parallel to
each other in a column.

[0011] According to the second aspect, since the ultrasonic
transducer arrays of N types are provided to be parallel to
each other in a column, it is possible to implement a
configuration suitable for performing ultrasonic measure-
ment on the same blood vessel as a measurement target at
different positions.

[0012] As a third aspect, the second aspect may be con-
figured as the ultrasonic probe in which a gap between the
ultrasonic transducer arrays which are adjacent to each other
is 1 cm or more and 10 cm or less.

[0013] According to the third aspect, it is possible to
implement the ultrasonic probe in which a gap between the
ultrasonic transducer arrays is 1 cm or more and 10 cm or
less.

[0014] As a fourth aspect, the second or third aspect may
be configured as the ultrasonic probe in which a gap between
the ultrasonic transducer arrays is configured to be changed.
[0015] According to the fourth aspect, it is possible to
implement the ultrasonic probe provided with a mechanism
changing a gap between the ultrasonic transducer arrays.
[0016] As a fifth aspect, any one of the first to fourth
aspects may be configured as the ultrasonic probe in which,
in the ultrasonic transducer arrays of N types, an immedi-
ately higher drive frequency is twice or more higher than an
immediately lower drive frequency in the order starting from
the highest drive frequency.

[0017] According to the fifth aspect, in the ultrasonic
transducer arrays of N types, an immediately higher drive
frequency is twice or more higher than an immediately
lower drive frequency in the order starting from the highest
drive frequency. Therefore, it is possible to effectively
prevent interference when the ultrasonic transducer arrays of
N types transmit and receive ultrasonic waves.

[0018] A sixth aspect of the invention is directed to a
control device controlling the ultrasonic probe according to
anyone of the first to fifth aspects, including a transmission
controller that generates a drive signal for driving the
ultrasonic transducer arrays of N types, and outputs the drive
signal to the common signal line; and a reception controller
that receives a mixed received signal from the common
signal line, and extracts an individual received signal for
each of the ultrasonic transducer arrays.

[0019] According to the sixth aspect, it is possible to
implement the control device controlling transmission and
reception of ultrasonic waves in the ultrasonic probe of the
first to fifth aspects.

[0020] As a seventh aspect, the sixth aspect may be
configured as the control device in which the transmission
controller generates the drive signal as a signal including
drive waveforms corresponding to drive frequencies for the
respective ultrasonic transducer arrays of N types in a time
division manner.

[0021] According to the seventh aspect, the drive signal
which is output to the common signal line may be a signal
including drive waveforms corresponding to drive frequen-
cies for the respective ultrasonic transducer arrays of N
types in a time division manner.

[0022] According to an eighth aspect, the sixth or seventh
aspect may be configured as the control device in which the
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reception controller includes a filter unit corresponding to a
drive frequency for each of the ultrasonic transducer arrays
of N types.

[0023] Signals received by the respective ultrasonic trans-
ducer arrays of N types are mixed and carried through the
common signal line. However, according to the eighth
aspect, since the filter unit corresponding to the drive
frequency of each ultrasonic transducer array is provided, an
individual received signal received by each ultrasonic trans-
ducer array can be extracted.

[0024] A ninth aspect of the invention is directed to a
measurement apparatus including the ultrasonic probe
according to any one of the first to fifth aspects that performs
transmission and reception of ultrasonic waves toward the
same blood vessel of a subject in parallel; and the control
device according to any one of the sixth to eighth aspects, in
which the measurement apparatus measures vasculature
biological information.

[0025] According to the ninth aspect, it is possible to
implement the apparatus which performs transmission and
reception of ultrasonic waves toward the same blood vessel
of a subject in parallel so as to measure vasculature biologi-
cal information.

[0026] More specifically, as a tenth aspect, the ninth aspect
may be configured as the measurement apparatus in which
at least one of pulse wave propagation velocity, a blood
vessel diameter, and a blood flow rate is measured as the
vasculature biological information.

[0027] As an eleventh aspect, the ninth aspect may be
configured as the measurement apparatus which further
includes a relative blood vessel position determination unit
that determines relative blood vessel positions which are
blood vessel positions as measurement targets in the respec-
tive ultrasonic transducer arrays, on the basis of the indi-
vidual received signal; a propagation length calculation unit
that calculates a propagation length of a pulse wave along a
blood vessel by using a gap between the adjacent ultrasonic
transducer arrays and a gap between the relative blood
vessel positions; and a pulse wave propagation velocity
calculation unit that calculates pulse wave propagation
velocity by using the individual received signal and the
propagation length.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0029] FIG. 1 is a diagram for explaining the entire
configuration of a measurement apparatus.

[0030] FIG. 2 is a schematic diagram of a rear surface side
of an ultrasonic probe.

[0031] FIG. 3 is a sectional view at a position where the
ultrasonic probe is attached.

[0032] FIG. 4 is a diagram illustrating time-series wave-
form examples of a first blood vessel diameter and a second
blood vessel diameter.

[0033] FIG. 5is a diagram illustrating acceleration wave-
forms obtained by performing second order differentiation
on the blood vessel diameters illustrated in FIG. 4.

[0034] FIG. 6 is a diagram illustrating an example of a
waveform of a drive signal.

[0035] FIG. 7 is a diagram for explaining a configuration
of a control device related to transmission and reception of
ultrasonic waves.
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[0036] FIG. 8 is a diagram for explaining a configuration
of the control device related to transmission and reception of
ultrasonic waves.

[0037] FIG. 9 is a block diagram illustrating a functional
configuration example of the measurement apparatus.
[0038] FIG. 10 is a diagram illustrating a configuration
example of blood vessel diameter log data.

[0039] FIG. 11 is a diagram illustrating a configuration
example of pulse wave propagation velocity log data.
[0040] FIG. 12 is a flowchart for explaining a flow of
principal processes in the measurement apparatus.

[0041] FIG. 13 is a diagram illustrating an example of a
drive signal for ultrasonic TD arrays of three types.

[0042] FIG. 14 is a diagram illustrating an example of a
configuration in which the ultrasonic TD arrays of three
types are disposed.

[0043] FIG. 15 is a diagram illustrating an example of a
mechanism which changes a gap between the ultrasonic TD
arrays.

[0044] FIG. 16 is a diagram illustrating an example of a
mechanism which changes a gap between the ultrasonic TD
arrays.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0045] Hereinafter, an embodiment to which the invention
is applied will be described, but, of course, an applicable
form of the invention is not limited to the following embodi-
ment.

Entire Outline

[0046] FIG. 1 is a diagram for explaining the entire
configuration of a measurement apparatus 1 in the present
embodiment, and is a diagram illustrating a state in which an
ultrasonic probe 30 is attached.

[0047] The measurement apparatus 1 has a configuration
in which a control device 10 is electrically connected to the
ultrasonic probe 30 via a common signal line CL, and is a
device which measures biological information (hereinafter,
referred to as “vasculature biological information™) regard-
ing a blood vessel system circulating blood, by using ultra-
sonic waves. In the present embodiment, finally measured
vasculature biological information is pulse wave propaga-
tion velocity, and other vasculature biological information
such as a blood vessel diameter is measured in the process
thereof.

[0048] The control device 10 is a kind of computer, and
controls the ultrasonic probe 30 so as to measure a blood
vessel diameter of a blood vessel 5 in real time. The pulse
wave propagation velocity is calculated on the basis of a
measurement result. The pulse wave propagation velocity
may be calculated for each beat.

[0049] As a specific functional configuration of the control
device 10 will be described later with reference to FIG. 9,
the control device 10 is configured to include a processing
unit 100 which has a processor or the like and performs
various calculation controls; an operation input unit 200
which is provided with a touch panel or buttons and via
which a user inputs an operation; a display unit 400 which
is provided with a liquid crystal screen or the like and
displays various pieces of information for a user; a sound
output unit 430 such as a speaker; a communication unit 450
which performs communication with an external apparatus;
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a storage unit 500 which is provided with a hard disk or a
memory and stores a program or data; and the like.

[0050] The ultrasonic probe 30 includes a first ultrasonic
TD array 31 as an ultrasonic transducer array (hereinafter,
abbreviated to “ultrasonic TD array”) which is driven at a
first drive frequency, and a second ultrasonic TD array 32
which is driven at a second drive frequency, and a thin probe
which is attached to the skin of a subject 3. FIG. 2 is a
schematic diagram of a rear surface (an attachment surface
on which the ultrasonic probe is attached to the skin of the
subject 3) side of the ultrasonic probe 30. Each of the first
ultrasonic TD array 31 and the second ultrasonic TD array
32 is provided with a plurality of arranged ultrasonic trans-
ducer elements, and transmits or applies ultrasonic pulses to
the subject 3 and receives reflected waves thereof. In the
present embodiment, as illustrated in FIG. 2, each of the first
ultrasonic TD array 31 and the second ultrasonic TD array
32 is configured by linearly disposing the plurality of
transducer elements, but may be configured by disposing the
plurality of transducer elements in a two-dimensional man-
nefr.

[0051] The first drive frequency for driving the first ultra-
sonic TD array 31 is different from the second drive fre-
quency for driving the second ultrasonic TD array 32, and a
higher (higher-level) drive frequency is twice or more higher
than a lower (lower-level) drive frequency. If the drive
frequencies are different from each other, it is possible to
prevent the occurrence of mutual interference in transmis-
sion and reception of ultrasonic waves in the first ultrasonic
TD array 31 and the second ultrasonic TD array 32.

[0052] The first ultrasonic TD array 31 and the second
ultrasonic TD array 32 are separated from each other by a
predetermined inter-probe distance Lp and are fixed to a
sticky pedestal 34 in a state in which a scanning surface is
parallel, and is configured to measure a short axis direction
section of the blood vessel 5. Therefore, ultrasonic images
including the short axis direction section of the blood vessel
5 are obtained at two locations through transmission and
reception of ultrasonic waves performed by the first ultra-
sonic TD array 31 and transmission and reception performed
by the second ultrasonic TD array 32. Since the first drive
frequency for the first ultrasonic TD array 31 and the second
drive frequency for the second ultrasonic TD array 32 are
different from each other, ultrasonic waves can be transmit-
ted and received in parallel, and thus ultrasonic images
including the short axis direction section of the blood vessel
5 can be obtained simultaneously or nearly simultaneously.
The inter-probe distance Lp is 1 cm or more and 10 cm or
less.

[0053] The sticky pedestal 34 has a sticky layer which is
attachable to and detachable from a skin surface, and thus is
not easily peeled off even if the subject 3 moves the body
thereof. The sticky pedestal 34 is attached so that the first
ultrasonic TD array 31 and the second ultrasonic TD array
32 can draw the short axis of the blood vessel 5 (brachial
artery in the present embodiment), and the first ultrasonic
TD array 31 is located on a heart side (upstream side), and
the second ultrasonic TD array 32 is located on a fingertip
side (downstream side).

[0054] There may be a configuration in which the first
ultrasonic TD array 31 and the second ultrasonic TD array
32 are respectively mounted on separate sticky pedestals 34
instead of being mounted on a single sticky pedestal 34.
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[0055] The blood vessel 5 as a measurement target is not
limited to brachial artery, and, for example, other artery such
as radial artery or femoral artery may be a measurement
target.

[0056] FIG. 3 is a schematic sectional view at positions
where the first ultrasonic TD array 31 and the second
ultrasonic TD array 32 are attached. The first ultrasonic TD
array 31 and the second ultrasonic TD array 32 transmit
ultrasonic waves corresponding to the first drive frequency
and the second drive frequency to the blood vessel 5, and
receive reflected waves from a front wall 5f and a rear wall
5r of the blood vessel 5, respectively. The control device 10
calculates a diameter of the blood vessel 5, that is, a first
blood vessel diameter D1 measured with the first ultrasonic
TD array 31 and a second blood vessel diameter D2 mea-
sured with the second ultrasonic TD array 32, on the basis
of an arrival time difference between a received wave from
the front wall 5/ and a received wave from the rear wall 5r.
Transmission of ultrasonic waves and reception of reflected
waves are continuously performed in parallel to each other
at a considerably short time interval by the first ultrasonic
TD array 31 and the second ultrasonic TD array 32. Thus,
the first blood vessel diameter D1 and the second blood
vessel diameter D2 can also be continuously calculated in
parallel to each other. As a result, a waveform in which a
blood vessel diameter changes in a time series is obtained.
[0057] FIGS. 4 and 5 illustrate time-series waveform
examples of the first blood vessel diameter D1 and the
second blood vessel diameter D2. FIG. 4 illustrates blood
vessel diameter waveforms, and FIG. 5 illustrates accelera-
tion waveforms obtained by performing second order dif-
ferentiation on the blood vessel diameters and also shows an
enlarged view of the acceleration waveforms in a diastole.
The waveforms are simplified for better understanding.
[0058] According to FIG. 4, a diastole Td, a systole Ts, and
anotch timing Tn can be seen from changes in the first blood
vessel diameter D1 and the second blood vessel diameter
D2. Since the first ultrasonic TD array 31 is disposed further
toward the heart side than the second ultrasonic TD array 32,
a pressure wave caused by a systole arrives at the first
ultrasonic TD array 31 earlier. Thus, extension and contrac-
tion timings of the first blood vessel diameter D1 are earlier
than those of the second blood vessel diameter D2.

[0059] However, it cannot be said that actual changes in a
blood vessel diameter clearly show the diastole Td, the
systole Ts, and the notch timing Tn as illustrated in FIG. 4.
Particularly, there are relatively many cases where a time
point of a peak of the systole Ts cannot be clearly specified,
and, for example, the influence of heart noise appears in the
subject 3 whose heart disease is concerned.

[0060] Therefore, in the present embodiment, peaks at the
diastole Td and the notch timing Tn are detected instead of
a peak at the systole Ts. Specifically, the first blood vessel
diameter D1 and the second blood vessel diameter D2 are
subjected to second order differentiation one by one at a time
point t, and thus accelerations of respective diameter
changes are obtained. Peaks in which second order differ-
ential values satisfy a predetermined peak condition (for
example, exceeding a reference value) are found, and thus
the diastole Td and the notch timing Tn are detected.
According to this method, the diastole Td and the notch
timing Tn can be reliably found. The second order differ-
entiation is an example of predetermined differentiation
calculation.
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[0061] The use of the second order differential values
secondarily increases robustness in blood vessel diameter
measurement. In other words, in a case where a direction
(hereinafter, referred to as a “transmission line”) of an
ultrasonic wave transmitted from the first ultrasonic TD
array 31 or the second ultrasonic TD array 32 passes through
the center of the short axis direction section of the blood
vessel 5, the greatest fluctuation of a blood vessel diameter
appears on the transmission line, and thus a change in the
blood vessel diameter clearly appears in a waveform. How-
ever, if the transmission line is deviated relative to the center
of the short axis direction section, a fluctuation in a blood
vessel diameter is small, and thus a waveform is corrupted.
In a configuration in which the diastole Td and the notch
timing Tn are found on the basis of peaks of blood vessel
diameter waveforms without performing differentiation cal-
culation, if the subject 3 moves the body thereof, the
transmission line is deviated relative to the blood vessel 5,
peaks of blood vessel diameter waveforms are hardly
expressed, and thus there is a probability that the diastole Td
and the notch timing Tn may not be found, and therefore
continuous measurement may be stopped. However, if sec-
ond order differentiation is performed as in the present
embodiment, clear peaks appear in acceleration waveforms
as long as the wall portion of the blood vessel 5 is specified
even in a state in which the transmission line does not pass
through the center of the short axis direction section of the
blood vessel 5. In other words, high robustness against body
motion of the subject 3 is obtained. It is possible to reduce
a probability that continuous measurement of vasculature
biological information may be stopped, even if the subject 3
moves the body thereof.

[0062] The second order differentiation is described to be
performed as differentiation calculation, but the diastole Td
and the notch timing Tn may be detected by performing
differentiation once. Even if differentiation is performed
once, robustness against body motion of the subject 3 is high
to some extent.

[0063] Meanwhile, a pulse wave propagation time differ-
ence At is obtained from peak time points t1 and t2 of second
order differential values for the first blood vessel diameter
D1 and the second blood vessel diameter D2. If the pulse
wave propagation time difference At is obtained, pulse wave
propagation velocity PWV can be obtained on the basis of
the pulse wave propagation time difference At and the
inter-probe distance Lp as a propagation length. Calculation
of the pulse wave propagation velocity PWV is also per-
formed on a difference between peak time points t3 and t4.
The peak time points t1 and 2 are time points (timings)
corresponding to the diastole Td, and the peak time points t3
and t4 are time points corresponding to the notch timing Tn.
A diastole pulse wave propagation velocity PWVd and a
notch-timing pulse wave propagation velocity PWVn which
are pulse wave propagation velocities PWV at the diastole
Td and the notch timing Tn are calculated, and an average
thereof is used as a final pulse wave propagation velocity
PWVa.

[0064] In the present embodiment, the diastole pulse wave
propagation velocity PWVd and the notch-timing pulse
wave propagation velocity PWVn are calculated, and the
average pulse wave propagation velocity PWVa is used as a
final pulse wave propagation velocity, but either one of the
diastole pulse wave propagation velocity PWVd and the
notch-timing pulse wave propagation velocity PWVn may
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be calculated, and a calculated value may be used as a final
pulse wave propagation velocity.

[0065] Interface between Ultrasonic Probe and Control
Device
[0066] Meanwhile, the drive frequencies for the first ultra-

sonic TD array 31 and the second ultrasonic TD array 32 are
different from each other, but the ultrasonic probe 30 is
connected to the control device 10 via the common signal
line CL as illustrated in FIG. 1. In other words, the first
ultrasonic TD array 31 and the second ultrasonic TD array
32 are connected in common to the common signal line CL
which is used for both transmission and reception.

[0067] Thus, there is a need of technical examination for
driving the first ultrasonic TD array 31 and the second
ultrasonic TD array 32 in order to transmit ultrasonic waves
from the first ultrasonic TD array 31 and the second ultra-
sonic TD array 32.

[0068] FIG. 6 is a diagram illustrating an example of a
waveform of a drive signal for transmitting ultrasonic waves
from the first ultrasonic TD array 31 and the second ultra-
sonic TD array 32. The drive signal is a signal in which a
drive pulse is repeated in a drive pulse cycle, and the drive
pulse includes a first pulse and a second pulse in a time
division manner.

[0069] The first pulse is a pulse wave in a first pulse cycle
corresponding to the first drive frequency, and the second
pulse is a pulse wave in a second pulse cycle corresponding
to the second drive frequency. In other words, the first
ultrasonic TD array 31 transmits ultrasonic waves in
response to the first pulse, and does not respond to the
second pulse. This is because the first ultrasonic TD array 31
is driven at the first drive frequency. On the contrary, the
second ultrasonic TD array 32 transmits ultrasonic waves in
response to the second pulse, and does not respond to the
first pulse. This is because the second ultrasonic TD array 32
is driven at the second drive frequency.

[0070] Consequently, the first ultrasonic TD array 31 and
the second ultrasonic TD array 32 respectively transmit
ultrasonic waves at corresponding drive frequencies by
using a single drive signal supplied via the common signal
line CL.

[0071] In a case where reflected waves of the ultrasonic
waves are received, the first ultrasonic TD array 31 and the
second ultrasonic TD array 32 respond to reflected waves
corresponding to the drive frequencies, and output signals of
the received waves (received signals) corresponding to the
drive frequencies to the common signal line CL. In other
words, a mixed received signal in which individual received
signals of the first ultrasonic TD array 31 and the second
ultrasonic TD array 32 are mixed with each other is carried
through the common signal line CL. However, frequencies
of the respective individual received signals are the first
drive frequency and the second drive frequency which are
different from each other, and can thus be separated and
extracted by the control device 10 by using a filter circuit.
[0072] With reference to FIGS. 7 and 8, a configuration of
the control device 10 related to transmission and reception
of ultrasonic waves will be described more in detail. FIG. 7
is a diagram illustrating a configuration related to transmis-
sion and reception in a case of focusing on a first TD element
311 which is a single ultrasonic transducer element (here-
inafter, abbreviated a “TD element”) forming the first ultra-
sonic TD array 31, and a second TD element 321 which is
a single TD element forming the second ultrasonic TD array
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32. FIG. 8 is a diagram illustrating a configuration in which
the configuration focusing on the single TD element illus-
trated in FIG. 7 is viewed as a whole of the ultrasonic probe
30.

[0073] Focusing on FIG. 7, the control device 10 includes
a transmission controller 120, a reception controller 130, a
transmission/reception switching controller 142, and a
switch 146. The transmission controller 120 is a functional
unit which performs control for transmitting ultrasonic
waves from the first TD element 311 and the second TD
element 321, and is provided with a pulser 122 and a drive
waveform generator 124. The drive waveform generator 124
generates a waveform of the drive pulse including the first
pulse and the second pulse illustrated in FIG. 6 in a time
division manner, and instructs the pulser 122 to repeatedly
output the generated waveform in a drive pulse cycle. The
pulser 122 generates a voltage pulse according to the wave-
form for which the instruction is given by the drive wave-
form generator 124, and applies the voltage pulse to the
common signal line CL as a drive signal via the switch 146.
The common signal line CL is connected in common to the
first TD element 311 and the second TD element 321.

[0074] Here, the switch 146 is a switch circuit which
switches connection of the common signal line CL between
the transmission controller 120 and the reception controller
130. The transmission/reception switching controller 142
causes the switch 146 to perform switching in accordance
with transmission and reception timings of ultrasonic waves.

[0075] If the drive signal is transmitted to the first TD
element 311 and the second TD element 321 via the common
signal line CL, the first TD element 311 transmits ultrasonic
waves corresponding to the first drive frequency, and the
second TD element 321 transmits ultrasonic waves corre-
sponding to the second drive frequency. The transmissions
of the ultrasonic waves are performed in parallel.

[0076] Next, in reception of reflected waves of the ultra-
sonic waves, an individual received signal received by the
first TD element 311 and an individual received signal
received by the second TD element 321 are mixed with each
other since the first TD element 311 and the second TD
element 321 are connected in common to the common signal
line CL, and a mixed received signal is carried through the
common signal line CL.

[0077] During reception of the ultrasonic waves, the
switch 146 performs switching so that the common signal
line CL is connected to the reception controller 130 under
the control of the transmission/reception switching control-
ler 142. Thus, the mixed received signal is input to the
reception controller 130.

[0078] The reception controller 130 includes an amplifier
132, a first filter 137, and a second filter 139. The amplifier
132 is a circuit which amplifies a level of the mixed received
signal. The mixed received signal which has been amplified
is input to the first filter 137 and the second filter 139. The
first filter 137 is a frequency filter through which a band of
the first drive frequency passes and which cuts off other
bands, and the second filter 139 is a frequency filter through
which a band of the second drive frequency passes and
which cuts off other bands. Therefore, the individual
received signal received by the first TD element 311 is
selected and extracted by the first filter 137, and the indi-
vidual received signal received by the second TD element
321 is selected and extracted by the second filter 139.
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[0079] The first ultrasonic TD array 31 includes a plurality
of first TD elements 311, and the second ultrasonic TD array
32 includes a plurality of second TD elements 321. Thus, the
functional block illustrated in FIG. 7 is provided in the
control device 10 for each pair (combination) of the first TD
element 311 and the second TD element 321.

[0080] More specifically, as illustrated in FIG. 8, the
transmission controller 120 includes a plurality of pulsers
122 corresponding to pairs (combinations) of the first TD
elements 311 and the second TD elements 321. The pulsers
122 are a functional unit which applies a drive signal to the
common signal line CL, and may thus be referred to as a
signal applying unit 121.

[0081] The reception controller 130 includes a plurality of
amplifiers 132, a plurality of first filters 137, and a plurality
of second filters 139, corresponding to pairs (combinations)
of the first TD elements 311 and the second TD elements
321. The plurality of amplifiers 132 may be collectively
referred to as a signal amplifying portion 131, and the
plurality of first filters 137 and the plurality of second filters
139 may be referred to as an individual signal extracting
portion 138.

Description of Functional Configuration of Measurement
Apparatus 1

[0082] Next, a description will be made of a functional
configuration of the entire measurement apparatus 1 for
realizing the present embodiment.

[0083] FIG. 9 is a block diagram illustrating a functional
configuration example of the measurement apparatus 1 of
the present embodiment. The measurement apparatus 1
includes the control device 10 and the ultrasonic probe 30.
The control device 10 includes the processing unit 100, the
operation input unit 200, the display unit 400, the sound
output unit 430, the communication unit 450, and the storage
unit 500.

[0084] The ultrasonic probe 30 includes the first ultrasonic
TD array 31 and the second ultrasonic TD array 32. The first
ultrasonic TD array 31 and the second ultrasonic TD array
32 transmit ultrasonic waves for ultrasonic measurement on
the basis of a drive signal which is transmitted from the
processing unit 100 via the common signal line CL, receive
reflected waves thereof, and transmits received signals to the
processing unit 100 via the common signal line CL.

[0085] The processing unit 100 generally controls the
measurement apparatus 1, and performs various calculation
processes related to measurement of vasculature biological
information of the subject 3. The processing unit 100 is
implemented by, for example, a microprocessor such as a
central processing unit (CPU) or a graphics processing unit
(GPU), or an electronic component such as an application
specific integrated circuit (ASIC), a field programmable gate
array (FPGA), or an integrated circuit (IC) memory. The
processing unit 100 performs input/output control of data
between the respective functional units, performs various
calculation processes on the basis of a predetermined pro-
gram or data, or an operation input signal from the operation
input unit 200, and calculates vasculature biological infor-
mation (pulse wave propagation velocity in the present
embodiment) of the subject 3.

[0086] The processing unit 100 includes an ultrasonic
wave transmission/reception controller 110, a vasculature
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biological information measurement section 150, a display
information generation section 170, and a clocking section
180.

[0087] The ultrasonic wave transmission/reception con-
troller 110 controls transmission and reception of ultrasonic
waves in the ultrasonic probe 30. A specific configuration
thereof is the same as described with reference to FIGS. 7
and 8. An individual received signal received by the first
ultrasonic TD array 31 and an individual received signal
received by the second ultrasonic TD array 32 are stored in
the storage unit 500 as received data 514 in a time series in
correlation with measurement time points.

[0088] The vasculature biological information measure-
ment section 150 is a functional section which measures
vasculature biological information on the basis of the
received data 514 which is obtained through transmission
and reception of ultrasonic waves under the control of the
ultrasonic wave transmission/reception controller 110. The
vasculature biological information measurement section 150
includes a blood vessel diameter measurement portion 152,
a feature timing determination portion 154, a heartbeat
determination portion 156, a blood vessel position determi-
nation portion 158, a propagation length setting portion 162,
and a pulse wave propagation velocity calculation portion
164.

[0089] The blood vessel diameter measurement portion
152 continuously measures a blood vessel diameter of the
blood vessel 5 (brachial artery in the present embodiment)
on the basis of the received data 514. A temporal change
waveform of the blood vessel diameter is obtained through
this continuous measurement, In the present embodiment,
the first blood vessel diameter D1 is measured by using data
received by the first ultrasonic TD array 31, and the second
blood vessel diameter D2 is measured by using data received
by the second ultrasonic TD array 32. When the blood vessel
diameter is measured, the front wall 5/and the rear wall 57
of the blood vessel 5 are detected from received signals
(refer to FIG. 3), and a distance difference between the front
wall 5f and the rear wall 57 is obtained, but the blood vessel
diameter may be measured according to other methods.
[0090] The feature timing determination portion 154
determines a first timing and a second timing on the basis of
the temporal change waveform of the blood vessel diameter
measured by the blood vessel diameter measurement portion
152. In the present embodiment, the first timing is the
diastole Td, and the second timing is the notch timing Tn,
but, of course, the reverse thereof may occur. The feature
timing determination portion 154 determines the diastole Td
and the notch timing Tn corresponding to the first blood
vessel diameter D1, and the diastole Td and the notch timing
Tn corresponding to the second blood vessel diameter D2.
The blood vessel diameter measurement portion 152 speci-
fies a blood vessel diameter in the feature timing determined
by the feature timing determination portion 154. Specifi-
cally, in the changing first blood vessel diameter D1, a
diastole blood vessel diameter Dd corresponding to the
diastole Td, and a notch-timing blood vessel diameter Dn
corresponding to the notch timing Tn are specified. In
addition, in the changing second blood vessel diameter D2,
a diastole blood vessel diameter Dd corresponding to the
diastole Td, and a notch-timing blood vessel diameter Dn
corresponding to the notch timing Tn are specified.

[0091] The feature timing determination portion 154 per-
forms predetermined differentiation calculation on the tem-
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poral change waveform of the blood vessel diameter so as to
determine the diastole Td and the notch timing Tn which are
feature timings of pulse waves. In the present embodiment,
second order differentiation is performed, a time point
(timing) satisfying a peak condition indicating that a second
order differential value is equal to or greater than a reference
value is detected, and thus a feature timing is determined.

[0092] The heartbeat determination portion 156 deter-
mines a heartbeat break in the ultrasonic measurement on
the basis of the determination result in the feature timing
determination portion 154. The heartbeat determination por-
tion 156 may have a function of calculation a heart rate.

[0093] The blood vessel position determination portion
158 determines a relative position (referred to as a “relative
blood vessel position”) of the blood vessel 5 as a measure-
ment target with the first ultrasonic TD array 31 as a
reference on the basis of the data received by the first
ultrasonic TD array 31, and relative blood vessel position of
the blood vessel § as a measurement target with the second
ultrasonic TD array 32 as a reference on the basis of the data
received by the second ultrasonic TD array 32. The deter-
mined relative blood vessel positions are stored in the
storage unit 500 as relative blood vessel position data 516 in
a time series in correlation with measurement time points.

[0094] The propagation length setting portion 162 sets a
distance between a measurement position of the first ultra-
sonic TD array 31 and a measurement position of the second
ultrasonic TD array 32 in the blood vessel 5 as a measure-
ment target, as a propagation length over which a pulse wave
propagates, on the basis of the inter-probe distance Lp and
the relative blood vessel position data 516. In a case where
the relative blood vessel position for the first ultrasonic TD
array 31 and the relative blood vessel position for the second
ultrasonic TD array 32 satisfy a predetermined equal con-
dition, the blood vessel 5 runs through the body of the
subject 3 so as to be parallel in the same manner as in the
relative positional relationship between the first ultrasonic
TD array 31 and the second ultrasonic TD array 32. Thus,
the inter-probe distance Lp may be set as a propagation
length as it is. In a case where the relative blood vessel
position for the first ultrasonic TD array 31 and the relative
blood vessel position for the second ultrasonic TD array 32
do not satisfy the equal condition, the inter-probe distance
Lp is corrected according to a difference therebetween, so as
to be set as a propagation length. Specifically, a correction
value is calculated so as to be proportional to a distance
between plots on the basis of the distance between plots
when the relative blood vessel position for the first ultra-
sonic TD array 31 and the relative blood vessel position for
the second ultrasonic TD array 32 are plotted on the same
plane, and a propagation length is set by adding the correc-
tion value to the inter-probe distance Lp.

[0095] Either or both of the relative blood vessel position
for the first ultrasonic TD array 31 and the relative blood
vessel position for the second ultrasonic TD array 32 may
change due to body motion of the subject 3, but, according
to the present embodiment, a propagation length can be
calculated and set so as to track the body motion.

[0096] The propagation length set by the propagation
length setting portion 162 is stored in the storage unit 500 as
propagation length data 540. Setting of the propagation
length is repeatedly performed for each measurement time
point, and thus set propagation lengths are stored in the



US 2017/0143309 A1

propagation length data 540 in a time series in correlation
with measurement time points.

[0097] The pulse wave propagation velocity calculation
portion 164 measures the pulse wave propagation velocity
PWYV in the blood vessel 5. In the present embodiment, a
pulse wave propagation time difference At at each feature
timing of the diastole Td and the notch timing Tn is
calculated, and the pulse wave propagation velocity PWV is
on the basis of on the basis of the time difference At and the
propagation length stored in the propagation length data
540. In other words, the diastole pulse wave propagation
velocity PWVd and the notch-timing pulse wave propaga-
tion velocity PWVn are obtained. The average pulse wave
propagation velocity PWVa obtained by averaging the dias-
tole pulse wave propagation velocity PWVd and the notch-
timing pulse wave propagation velocity PWVn is used as a
final pulse wave propagation velocity. Fither one of the
diastole pulse wave propagation velocity PWVd and the
notch-timing pulse wave propagation velocity PWVn may
be calculated, and a calculated value may be used as a final
pulse wave propagation velocity.

[0098] The display information generation section 170
generates various operation screens required in measure-
ment of vasculature biological information or images for
displaying a measurement result, and outputs the screens or
the images to the display unit 400. The display unit 400 is
a device displaying image data from the display information
generation section 170.

[0099] The clocking section 180 measures a measurement
time point. A clocking method may be selected as appro-
priate, and, for example, a system clock may be used.
[0100] The operation input unit 200 receives a user’s
various input operations, and outputs an input operation
signal corresponding to an input operation to the processing
unit 100. The operation input unit 200 is formed of a button
switch, a lever switch, a dial switch, a track pad, a mouse,
a touch panel, or the like.

[0101] The sound output unit 430 is a device which
outputs a sound based on audio signal output from the
processing unit 100, and is, for example, a speaker. The
sound output unit 430 preferably generates a notification
sound, for example, in a case where blood pressure reaches
a predetermined abnormal value.

[0102] The communication unit 450 is a communication
device performing communication with an external appara-
tus of the measurement apparatus 1. The communication
may be wired communication or wireless communication.
The communication unit 450 may transmit measured data to
the external apparatus.

[0103] The storage unit 500 is formed of a recording
medium such as an IC memory, a hard disk, or an optical
disc, and stores various programs, or various data such as
data during calculation in the processing unit 100. The
storage unit 500 of the control device 10 may be configured
to be provided as a separate device and to be communicably
connected to the processing unit 100 via a communication
line such as a local area network (LAN) or the Internet. For
example, in this case, the storage unit 500 may be imple-
mented as a storage device of a server connected to the
Internet.

[0104] The storage unit 500 stores a measurement pro-
gram 510, the received data 514, the relative blood vessel
position data 516, blood vessel diameter log data 520, pulse
wave propagation velocity log data 530, and the propagation
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length data 540. Of course, in addition thereto, various
determination flags, clocking counter values, and the like
may be stored as appropriate.

[0105] The measurement program 510 is executed by the
processing unit 100, so as to realize functions such as the
ultrasonic wave transmission/reception controller 110, the
vasculature biological information measurement section
150, the display information generation section 170, and the
clocking section 180. Any one of the functional sections may
be implemented by hardware such as an electronic circuit.
[0106] The measurement program 510 includes, as a sub-
routine program, an ultrasonic wave transmission/reception
control program 512 for controlling transmission and recep-
tion of ultrasonic waves for the ultrasonic probe 30 so as to
realize a function of the ultrasonic wave transmission/
reception controller 110.

[0107] The received data 514 is data in which an indi-
vidual received signal in the first ultrasonic TD array 31 and
an individual received signal in the second ultrasonic TD
array 32, obtained through transmission of ultrasonic waves
and reception of reflected waves continuously performed by
the ultrasonic probe 30 at a very short time interval from
starting of measurement to ending thereof under the control
of the ultrasonic wave transmission/reception controller 110,
are stored in a time series in correlation with measurement
time points.

[0108] The relative blood vessel position data 516 is data
in which data regarding the relative blood vessel position for
the first ultrasonic TD array 31 and data regarding the
relative blood vessel position for the second ultrasonic TD
array 32, determined by the blood vessel position determi-
nation portion 158, are stored in a time series in correlation
with measurement time points.

[0109] The blood vessel diameter log data 520 is data in
which various data regarding a blood vessel diameter of the
blood vessel 5 is stored in correlation with measurement
time points. Specifically, as illustrated in FIG. 10, the blood
vessel diameter log data 520 stores, in correlation with a
measurement time point 521 for each measurement cycle, a
pulsation number 522 (for example, a value indicating what
number of pulsation from starting of measurement) for
identifying a pulsation at the time point, a first blood vessel
diameter 523 and a second blood vessel diameter 524
measured at that time, a first blood vessel diameter second
order differential value 525, and a second blood vessel
diameter second order differential value 526. Of course,
other data may be stored as appropriate. The measurement
time point 521 gradually elapses as “t001”, “t002”, “t003”,
and “t004”, but the pulsation number 522 is “1” in all cases,
and thus FIG. 10 illustrates that the data is data regarding the
same pulsation. The first blood vessel diameter 523 and the
second blood vessel diameter 524 are acquired in a time
series, and thus temporal change waveforms of the blood
vessel diameters are obtained. The reason why the first blood
vessel diameter second order differential value 525 and the
second blood vessel diameter second order differential value
526 are “NULL” at the time points “t001” and “t002” is that
there is no data before the time point “t001”, and thus data
required to calculate a second order differential value cannot
be obtained.

[0110] The pulsation number 522 is stored on the basis of
determination of a heartbeat in the heartbeat determination
portion 156, and measurement results in the blood vessel
diameter measurement portion 152 are stored as the first
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blood vessel diameter 523 and the second blood vessel
diameter 524. The first blood vessel diameter second order
differential value 525 and the second blood vessel diameter
second order differential value 526 are values calculated
when the feature timing determination portion 154 deter-
mines featuring timings.

[0111] The pulse wave propagation velocity log data 530
stores pulse wave propagation velocity and data used to
calculate the pulse wave propagation velocity. Specifically,
as illustrated in FIG. 11, the pulse wave propagation velocity
log data 530 stores, in correlation with a pulsation number
531 corresponding to the pulsation number 522 of the blood
vessel diameter log data 520, a diastole blood vessel diam-
eter 541a and a notch-timing blood vessel diameter 5415
related to the first blood vessel diameter D1, a diastole blood
vessel diameter 542¢ and a notch-timing blood vessel diam-
eter 5425 related to the second blood vessel diameter D2,
and a diastole pulse wave propagation velocity 543a, a
notch-timing pulse wave propagation velocity 5434, and an
average pulse wave propagation velocity 543¢, in the pul-
sation.

[0112] Blood vessel diameters at the feature timings pet-
formed by the blood vessel diameter measurement portion
152 are stored as the diastole blood vessel diameter 541a and
the notch-timing blood vessel diameter 5415 related to the
first blood vessel diameter D1, and the diastole blood vessel
diameter 542a and the notch-timing blood vessel diameter
5425 related to the second blood vessel diameter D2. Pulse
wave propagation velocities calculated by the pulse wave
propagation velocity calculation portion 164 are stored as
the diastole pulse wave propagation velocity 543a, the
notch-timing pulse wave propagation velocity 5435, and the
average pulse wave propagation velocity 543¢.

[0113] Propagation lengths calculated by the propagation
length setting portion 162 are stored as the propagation
length data 540 in a time series in correlation with measure-
ment time points.

Description of Flow of Processes

[0114] Next, an operation of the measurement apparatus 1
will be described.

[0115] FIG. 12 is a flowchart for explaining a flow of
principal processes in the measurement apparatus 1 accord-
ing to the present embodiment, and illustrates a flow of
processes performed by executing the measurement pro-
gram 510. It is assumed that the ultrasonic probe 30 is
attached at a predetermined position of the subject 3 in
advance.

[0116] First, the processing unit 100 starts ultrasonic mea-
surement using the ultrasonic probe 30, and starts measure-
ment and recording of a blood vessel diameter D (step S2).
The processing unit 100 starts calculation and recording of
asecond order differential value of the blood vessel diameter
D (step S4). Data is stored in the blood vessel diameter log
data 520 through steps S2 and S4.

[0117] The processing unit 100 determines a heartbeat
break on the basis of a change in the blood vessel diameter
D so as to start a heartbeat (step S6). Identification infor-
mation regarding the determined heartbeat is stored in the
pulsation number 522 of the blood vessel diameter log data
520 as a heartbeat number from the starting of the measure-
ment. The processing unit 100 starts calculation and setting
of a propagation length (step S8), and stores the propagation
length in the propagation length data 540.
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[0118] Next, the processing unit 100 performs a pulse
wave propagation velocity measurement process (steps S10
to 522).

[0119] Specifically, the processing unit 100 determines a
diastole related to the first blood vessel diameter D1 and a
diastole related to the second blood vessel diameter D2 on
the basis of the blood vessel diameter log data 520 (steps
S10 to S12). Blood vessel diameters at the diastoles are
specified. A time difference between the two diastoles, that
is, a diastole pulse wave propagation time difference Atd is
obtained, and a diastole pulse wave propagation velocity
PWVd is calculated on the basis of the diastole pulse wave
propagation time difference Atd and a propagation length at
the diastole read from the propagation length data 540 (step
S14).

[0120] Successively, the processing unit 100 determines a
notch timing related to the first blood vessel diameter D1 and
a notch timing related to the second blood vessel diameter
D2 on the basis of the blood vessel diameter log data 520
(steps S16 to S18). Blood vessel diameters at the notch
timings are specified. A time difference between the two
notch timings, that is, a notch-timing pulse wave propaga-
tion time difference Atn is obtained, and a notch-timing
pulse wave propagation velocity PWVn is calculated on the
basis of the notch-timing pulse wave propagation time
difference Atn and a propagation length at the notch timing
read from the propagation length data 540 (step S20).

[0121] The diastole pulse wave propagation velocity
PWVd and the notch-timing pulse wave propagation veloc-
ity PWVn at the same beat are averaged, and thus an average
pulse wave propagation velocity PWVa is calculated so as to
be used as a final pulse wave propagation velocity (step
S22). Each data item calculated in the pulse wave propaga-
tion velocity measurement process is stored in the pulse
wave propagation velocity log data 530.

[0122] The processing unit 100 repeatedly performs the
process in steps S10 to S22 for each heartbeat until it is
determined that measurement is finished, for example, as a
result of an input operation for finishing the measurement
(NO 1in step S60).

[0123] As mentioned above, according to the present
embodiment, the ultrasonic probe 30 includes the first ultra-
sonic TD array 31 and the second ultrasonic TD array 32 for
which drive frequencies are different from each other. Thus,
it is possible to reduce the occurrence of interference in
transmission and reception of ultrasonic waves. Therefore, it
is possible to perform parallel transmission and reception of
ultrasonic waves at two locations. The first ultrasonic TD
array 31 and the second ultrasonic TD array 32 are con-
nected in common to the common signal line CL which is
used for both transmission and reception. Consequently, it is
possible to reduce the number of signal cables.

[0124] An applicable form of the invention is not limited
to the above-described embodiment, and a constituent ele-
ment may be added, omitted, or changed as appropriate.

[0125] For example, vasculature biological information
measured by the above-described measurement apparatus 1
is not limited to a blood vessel diameter or pulse wave
propagation velocity, and a blood flow rate or blood pressure
may be measured. The blood flow rate may be obtained by
using Doppler frequencies of transmitted and received ultra-
sonic waves. The blood pressure may be estimated and
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calculated from a blood vessel system by using a blood
vessel elasticity index value (for example, stiffness param-
eter f3).

[0126] The ultrasonic probe 30 may be configured to
include ultrasonic TD arrays of N types (where N=2) of two
or more types for which drive frequencies are different from
each other. Also in this case, the ultrasonic TD arrays of N
types may be configured to be connected in common to the
common signal line CL which is used for both transmission
and reception.

[0127] More specifically, in a case of N=3, as illustrated in
FIG. 13, a drive pulse including a first pulse for a first
ultrasonic TD array, a second pulse for a second ultrasonic
TD array, and a third pulse for a third ultrasonic TD array in
a time division manner may be applied to the common signal
line CL by the transmission controller 120, so that the first
to third ultrasonic TD arrays are driving in parallel, and thus
ultrasonic waves may be transmitted in parallel.

[0128] The first to third ultrasonic TD arrays in this case
may be configured to be disposed as illustrated in FIG. 14,
for example. In other words, the ultrasonic TD arrays of N
types (three types in this case) are provided to be disposed
in parallel and in a column. With this arrangement configu-
ration, it is possible to implement a configuration suitable for
performing ultrasonic measurement on the same blood ves-
sel 5 as a measurement target at different positions.

[0129] In a case where ultrasonic TD arrays of N types
(where N=2) are disposed in parallel and in a column, a gap
between adjacent ultrasonic TD arrays is preferably 1 cm or
more and 10 cm or less since vasculature biological infor-
mation is measured for the same blood vessel 5. In the
example illustrated in FIG. 14, each of gaps d12 and d23 is
1 em or more and 10 cm or less.

[0130] In a case where the ultrasonic probe 30 is config-
ured to include ultrasonic TD arrays of N types (where N=2),
a drive frequency of each ultrasonic TD array is set so that,
in the order starting from the highest drive frequency for the
ultrasonic TD arrays, an immediately higher drive frequency
is twice or more higher than an immediately lower drive
frequency. In the above-described manner, it is possible to
effectively prevent interference between transmitted or
received ultrasonic waves.

[0131] Inthe above-described embodiment, a gap between
the ultrasonic TD arrays is set to be constant, but, there may
be a configuration changing the gap is incorporated into the
ultrasonic probe 30, so as to change the gap between the
ultrasonic TD arrays. FIGS. 15 and 16 illustrate a configu-
ration example of an ultrasonic probe 30B.

[0132] FIGS. 15 and 16 are diagrams illustrating a con-
figuration example of the ultrasonic probe 30B changing a
gap between the ultrasonic TD arrays, and is a schematic
diagram of a rear surface (an attachment surface on which
the ultrasonic probe is attached to the skin of the subject 3)
side of the ultrasonic probe 30B.

[0133] In the ultrasonic probe 30B, the first ultrasonic TD
array 31 is mounted on an upper half sticky pedestal member
34a in FIGS. 15 and 16, and the second ultrasonic TD array
32 is mounted on a lower half sticky pedestal member 345
in FIGS. 15 and 16. A rotation body 38 which rotates about
a central axis 37 is provided to be parallel to the rear surface
of the ultrasonic probe 30B between the half sticky pedestal
member 34a and the half sticky pedestal member 344. The
half sticky pedestal member 344 and the half sticky pedestal
member 345 are mounted to be slid in directions of coming
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close to and/or being separated from each other (vertical
direction in FIGS. 15 and 16), and are biased in the direction
of coming close to each other by an elastic member such as
rubber. The rotation body 38 has a rectangular shape whose
corners are chamfered in a plan view.

[0134] Therefore, if a longitudinal direction of the rotation
body 38 is set to a horizontal direction as illustrated in FIG.
15, the first ultrasonic TD array 31 and the second ultrasonic
TD array 32 are configured to be disposed with a first gap.
On the other hand, if the rotation body 38 is rotated, and thus
the longitudinal direction thereof is set to a vertical direction
as illustrated in FIG. 16, the first ultrasonic TD array 31 and
the second ultrasonic TD array 32 are configured to be
disposed with a second gap. A difference the first gap and the
second gap is a difference between the long side and the
short side of the rotation body 38.

[0135] In a case where a gap between the ultrasonic TD
arrays is changed, the propagation length setting portion 162
manually acquires a currently set gap (inter-probe distance
Lp) through an input operation and sets a propagation
length, or automatically acquires the currently set gap from
the ultrasonic probe 30B and sets a propagation length.
[0136] The entire disclosure of Japanese Patent Applica-
tion No. 2015-229830 filed on Nov. 25, 2015 is expressly
incorporated by reference herein.

What is claimed is:

1. An ultrasonic probe comprising:

ultrasonic transducer arrays of N types (where N=2) for
which drive frequencies are different from each other;
and

a common signal line that is used for both transmission
and reception and to which the ultrasonic transducer
arrays are connected in common.

2. The ultrasonic probe according to claim 1,

wherein the ultrasonic transducer arrays of N types are
provided to be parallel to each other in a column.

3. The ultrasonic probe according to claim 2,

wherein a gap between the ultrasonic transducer arrays
which are adjacent to each other is 1 ¢m or more and
10 cm or less.

4. The ultrasonic probe according to claim 2,

wherein a gap between the ultrasonic transducer arrays is
configured to be changed.

5. The ultrasonic probe according to claim 1,

wherein, in the ultrasonic transducer arrays of N types, an
immediately higher drive frequency is twice or more
higher than an immediately lower drive frequency in
the order starting from the highest drive frequency.

6. A control device controlling the ultrasonic probe

according to claim 1, comprising:

a transmission controller that generates a drive signal for
driving the ultrasonic transducer arrays of N types, and
outputs the drive signal to the common signal line; and

a reception controller that receives a mixed received
signal from the common signal line, and extracts an
individual received signal for each of the ultrasonic
transducer arrays.

7. The control device according to claim 6,

wherein the transmission controller generates the drive
signal as a signal including drive waveforms corre-
sponding to drive frequencies for the respective ultra-
sonic transducer arrays of N types in a time division
mannet.
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8. The control device according to claim 6,

wherein the reception controller includes a filter unit
corresponding to a drive frequency for each of the
ultrasonic transducer arrays of N types.

9. A measurement apparatus comprising:

the ultrasonic probe according to claim 1 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 6,

wherein the measurement apparatus measures vasculature
biological information.

10. A measurement apparatus coniprising:

the ultrasonic probe according to claim 1 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 7,

wherein the measurement apparatus measures vasculature
biological information.

11. A measurement apparatus comprising:

the ultrasonic probe according to claim 2 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 6,

wherein the measurement apparatus measures vasculature
biological information.

12. A measurement apparatus comprising:

the ultrasonic probe according to claim 2 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 7,

wherein the measurement apparatus measures vasculature
biological information.

13. A measurement apparatus comprising:

the ultrasonic probe according to claim 3 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 6,

wherein the measurement apparatus measures vasculature
biological information.

14. A measurement apparatus comprising:

the ultrasonic probe according to claim 3 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 7,

wherein the measurement apparatus measures vasculature
biological information.
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15. A measurement apparatus comprising:

the ultrasonic probe according to claim 4 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 6,

wherein the measurement apparatus measures vasculature
biological information.

16. A measurement apparatus comprising:

the ultrasonic probe according to claim 4 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 7,

wherein the measurement apparatus measures vasculature
biological information.

17. A measurement apparatus comprising:

the ultrasonic probe according to claim 5 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 6,

wherein the measurement apparatus measures vasculature
biological information.

18. A measurement apparatus comprising:

the ultrasonic probe according to claim 5 that performs
transmission and reception of ultrasonic waves toward
the same blood vessel of a subject in parallel; and

the control device according to claim 7,

wherein the measurement apparatus measures vasculature
biological information.

19. The measurement apparatus according to claim 9,

wherein at least one of pulse wave propagation velocity,
a blood vessel diameter, and a blood flow rate is
measured as the vasculature biological information.

20. The measurement apparatus according to claim 9,

further comprising:

a relative blood vessel position determination unit that
determines relative blood vessel positions which are
blood vessel positions as measurement targets in the
respective ultrasonic transducer arrays, on the basis of
the individual received signal;

a propagation length calculation unit that calculates a
propagation length of a pulse wave along a blood vessel
by using a gap between the adjacent ultrasonic trans-
ducer arrays and a gap between the relative blood
vessel positions; and

a pulse wave propagation velocity calculation unit that
calculates pulse wave propagation velocity by using the
individual received signal and the propagation length.

I S T
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