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ULTRASONIC MEASUREMENT APPARATUS
AND ULTRASONIC MEASUREMENT

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

surement apparatus that performs measurement using an
ultrasonic wave.

[0003] 2. Related Art

[0004] As an example of measuring biological information
with an ultrasonic measurement apparatus, the evaluationofa
vascular function or the determination of a vascular disease is
performed. For example, the intima media thickness (IMT) of
the carotid artery, which is an indicator of arteriosclerosis, is
measured. In the measurement relevant to the IMT or the like,
it is necessary to locate the carotid artery and appropriately
determine the measurement point. Typically, the operator
places an ultrasonic probe on the neck, locates the carotid
artery to be measured while watching a B-mode image dis-
played on the monitor, and manually sets the found carotid
artery as a measurement point.

[0005]  Although skill is required in order to execute such a
series of measurement operations quickly and locate the
carotid artery appropriately in the related art, a function to
assist the measurement operation has been devised in recent
years. For example, JP-A-2008-173177 discloses a method of
detecting the vascular wall automatically using the strength of
a reflected wave signal from the body tissue, which is
obtained by processing the amplitude information of the
received reflected wave, and the moving speed of the body
tissue, which is obtained by processing the phase information
of the received reflected wave. Specifically, a boundary
between the vascular wall and the blood flow region is
detected based on the first finding that the strength of the
reflected wave signal in the blood flow region in the blood
vessel is very small compared with the strength of the
reflected wave signal in the vascular wall and the second
finding that the moving speed calculated from the phase infor-
mation of the reflected wave signal is high in the blood flow
region and low in the vascular wall.

[0006] However, in the detection method disclosed in
JP-A-2008-173177, a blood vessel can be detected, but it is
not possible to determine whether the blood vessel is an artery
or avein. In general, the artery exhibits pulsation, but the vein
does not exhibit pulsation. For this reason, the operator tends
to simply think that the artery and the vein canbe identified by
the presence or absence of pulsation. However, in blood ves-
sels relatively close to the heart, such as the internal jugular
vein, even veins may exhibit pulsation due to the pressure of
the right atrium being transmitted thereto. Therefore, it is
difficult to perform correct identification from only the pres-
ence or absence of pulsation.

SUMMARY

[0007] An advantage of some aspects of the invention is to
realize the technique for identifying the artery and the vein.

[0008] A first aspect of the invention is directed to an ultra-
sonic measurement apparatus including: a transmission and
reception control unit that controls transmission of an ultra-
sonic wave to a blood vessel and reception of the ultrasonic
wave that is reflected from the blood vessel; a vessel wall
detection unit that detects first and second walls of the blood
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vessel based on a combination of received signals at different
reception timings; and a blood vessel determination unit that
determines the blood vessel using a temporal change in a
distance between the first and second walls.

[0009] As another aspect of the invention, the first aspect of
the invention maybe configured as an ultrasonic measurement
method including: controlling transmission of an ultrasonic
wave to a blood vessel and reception of the ultrasonic wave
that is reflected from the blood vessel; detecting first and
second walls of the blood vessel based on a combination of
received signals at different reception timings; and determin-
ing the blood vessel using a temporal change in a distance
between the first and second walls.

[0010] According to the first aspect and the like of the
invention, it is possible to determine a blood vessel, such as an
artery, using a distance between the first and second walls of
the blood vessel, that is, a temporal change in the blood vessel
diameter. The first and second walls of the blood vessel are
detected based on the combination of the received signals at
different ultrasonic wave reception timings. The movement
(pulsation) of the blood vessel is larger than the movement of
body tissues around the blood vessel. For this reason, received
signals at different reception timings are different depending
on whether or not a reflected wave from the first or second
wall of the blood vessel is included in the received signal.
Thus, it is possible to detect the first and second walls of the
blood vessel.

[0011] A second aspect of the invention is directed to the
ultrasonic measurement apparatus according to the first
aspect of the invention, which further includes a unit that
detects a position immediately above the blood vessel, at
which the ultrasonic wave is transmitted through the blood
vessel, using a correlation value obtained by autocorrelation
of the combination of the received signals at different posi-
tions along the body surface.

[0012] According to the second aspect of the invention, a
position immediately above the blood vessel, at which the
ultrasonic wave is transmitted through the blood vessel, is
detected using the correlation value obtained by autocorrela-
tion of the combination of the received signals at different
positions along the body surface. Since the movement (pul-
sation) of the blood vessel is larger than the movement of
body tissues around the blood vessel, the correlation value
obtained by autocorrelation of the received signals are differ-
ent depending on whether or not the reflected wave from the
first or second wall of the blood vessel is included in the
received signal. Therefore, a position immediately above the
blood vessel is detected using the correlation value based on
the received signal.

[0013] A third aspect of the invention is directed to the
ultrasonic measurement apparatus according to the first or
second aspect of the invention, which further includes a depth
position detection unit that detects a depth position of the
blood vessel using a correlation value obtained by autocorre-
lation of the combination of the received signals at different
depth positions.

[0014] According to the third aspect of the invention, the
depth position of the blood vessel is detected using the cor-
relation value obtained by autocorrelation of the combination
of the received signals at different depth positions. Since the
movement (pulsation) of the blood vessel is larger than the
movement of body tissues around the blood vessel, the cor-
relation value obtained by autocorrelation of the received
signals are different depending on whether or not the reflected
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wave from the first or second wall of the blood vessel is
included in the received signal. Therefore, the depth position
of the blood vessel is detected using the correlation value
based on the received signal.

[0015] A fourth aspect of the invention is directed to the
ultrasonic measurement apparatus according to any one of the
first to third aspects of the invention, the blood vessel deter-
mination unit may determine a type of the blood vessel using
a temporal change in an increasing direction of the distance
and a temporal change in a decreasing direction of the dis-
tance.

[0016] According to the fourth aspect of the invention, the
type of the blood vessel is determined using a distance
between the first and second walls of the blood vessel, that is,
a temporal change in each of the increasing and decreasing
directions of the blood vessel diameter. Therefore, for
example, even under the specific conditions in which one of
the first and second walls hardly moves depending on the state
of the body tissues around the blood vessel, it is possible to
correctly determine the type of the blood vessel.

[0017] A fifth aspect of the invention is directed to the
ultrasonic measurement apparatus according to any one of the
first to fourth aspects of the invention, which further includes
a vascular function measuring unit that performs predeter-
mined vascular function measurement by continuing position
measurement with the first and second walls of the blood
vessel as tracking targets when the blood vessel is determined
to be an artery by the blood vessel determination unit.
[0018] According to the fifth aspect of the invention, it is
possible to realize a series of processes for automatically
locating the artery and performing vascular function mea-
surement for the artery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0020] FIG.1is a diagram showing the system configura-
tion of a biological information measuring apparatus.

[0021] FIG. 2 is a flowchart showing the flow of the main
process performed by an ultrasonic measurement apparatus.

[0022] FIG. 3 is an explanatory diagram of an ultrasonic
measurement.
[0023] FIGS. 4A to 4C are diagrams showing examples of

a received signal of a reflected wave.

[0024] FIGS. SA and 5B are explanatory diagrams of the
detection of scanning lines immediately above the blood ves-
sel (ultrasonic transducers).

[0025] FIGS. 6A to 6C are explanatory diagrams of the
detection of a vessel wall depth position candidate.

[0026] FIGS.7A and 7B are diagrams showing examples of
the waveform of a change in the blood vessel diameter.
[0027] FIGS. 8A to 8C are diagrams showing examples of
an artery diameter change rate waveform.

[0028] FIGS. 9A to 9C are diagrams showing examples of
a vein diameter change rate waveform.

[0029] FIG. 10 is a diagram showing the functional con-
figuration of the ultrasonic measurement apparatus.

[0030] FIG. 11 is a diagram showing the configuration of a
storage unit.
[0031] FIG.12isadiagram showing an example of the data

structure of vascular front and rear walls pair data.
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[0032] FIG. 13 is a flowchart illustrating the flow of the
process of detecting the scanning lines immediately above the
blood vessel.

[0033] FIG. 14 is a flowchart illustrating the flow of the
process of detecting the vessel wall depth position candidate.
[0034] FIG. 15 is a flowchart illustrating the process of
narrowing down vascular front and rear walls pairs.

[0035] FIG. 16 is a flowchart illustrating the flow of the
artery determination process.

[0036] FIGS.17Aand 17B are diagrams showing examples
of a scanning line-signal strength graph.

[0037] FIGS.18A and 18B are explanatory diagrams of the
detection of a vessel wall depth position candidate based on
the correlation value of the received signal.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

System Configuration

[0038] FIG. 1 is a diagram showing an example of the
system configuration of an ultrasonic measurement apparatus
10 according to the present embodiment. The ultrasonic mea-
surement apparatus 10 is an apparatus that measures the bio-
logical information of a subject 2 by measuring the reflected
waves of ultrasonic waves. In the present embodiment, an
artery 5 and a vein 6 of blood vessels 4 are automatically
identified, and vascular function information, such as the
intima media thickness (IMT) of the artery 5, is measured as
a piece of biological information.

[0039] Theultrasonic measurement apparatus 10 includes a
touch panel 12 serving as a unit that displays a measurement
result or operation information as an image and as an opera-
tion input unit, a keyboard 14 used for operation input, an
ultrasonic probe 16, and a processing device 30. A control
board 31 is mounted in the processing device 30, and is
connected to each unit of the apparatus, such as the touch
panel 12, the keyboard 14, and the ultrasonic probe 16, so that
signal transmission and reception therebetween are possible.
[0040] Not only various integrated circuits, such as a cen-
tral processing unit (CPU) 32 and an application specific
integrated circuit (ASIC), but also a storage medium 33, such
as an IC memory or a hard disk, and a communication IC 34
for realizing data communication with an external device are
mounted on the control board 31. The processing device 30
realizes various functions according to the present embodi-
ment, such as identification of the arteries and veins, mea-
surement of vascular function information for the identified
artery 5, and image display control of the measurement result,
including ultrasonic measurement by executing a measure-
ment program stored in the storage medium 33 with the CPU
32 or the like.

[0041] Specifically, by the control of the processing device
30, the ultrasonic measurement apparatus 10 transmits an
ultrasonic beam from the ultrasonic probe 16 to the subject 2
and receives the reflected wave. Then, by performing ampli-
fication and signal processing on a received signal of the
reflected wave, it is possible to generate reflected wave data,
such as a temporal change or position information of the
structure in the living body of the subject 2. Images of respec-
tive modes of so-called A mode, B mode, M mode, and color
Doppler are included in the reflected wave data. Measure-
ment using an ultrasonic wave is repeatedly performed at
predetermined periods. The measurement unit is referred to
as a “frame”.
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[0042] By setting a region of interest (tracking point) in the
reflected wave data as a reference, the ultrasonic measure-
ment apparatus 10 can perform so-called “tracking” that is
tracking each region of interest between different frames and
calculating the displacement.

[0043] First, the overview of the process leading up to the
measurement of vascular function information will be
described.

[0044] FIG. 2 is a flowchart showing the flow of the main
process performed by the ultrasonic measurement apparatus
10. It is assumed that the ultrasonic probe 16 is placed toward
the carotid artery by the operator. The ultrasonic measure-
ment apparatus 10 detects an ultrasonic transducer (can also
be referred to as a scanning line instead of the transducer)
located immediately above the blood vessel regardless of the
distinction of arteries and veins (step S2). This is referred to as
a “scanning line immediately above the blood vessel”. In
addition, “immediately above” referred to herein, needless to
say, includes a position directly above the blood vessel center
literally, but also has the meaning of allowing a slight shift in
a radial direction from the position immediately above in a
range that is sufficient to measure the vascular function infor-
mation of interest. “immediately above” or “directly above”
does not necessarily mean an opposite direction to a vertical
direction (opposite direction to the gravity), but is the mean-
ing in terms of the operation of the operator who handles the
ultrasonic probe 16 to place the ultrasonic probe 16 “imme-
diately above” or “directly above” the blood vessel on the
body surface. Therefore, a position (a transducer or a scan-
ning line) where an ultrasonic wave is transmitted through a
blood vessel can also be referred to as a scanning line imme-
diately above the blood vessel.

[0045] Then, a candidate at a depth position that seems to
be a vascular wall is detected from the reflected wave data in
the scanning lines immediately above the blood vessel (step
S4). Although a part regarded as the front wall of (vascular
wall facing the skin side) the blood vessel or the rear wall
(vascular wall located opposite the front wall) of the blood
vessel is detected in this stage, a body part other than the
blood vessels may be included in depth position candidates
since the part has not yet been determined as a blood vessel.
Therefore, the ultrasonic measurement apparatus 10 narrows
down the pairs of front and rear walls of the blood vessels
from the detected depth position candidates (step S6). The
narrowed-down pair of depth position candidates is called a
“vascular front and rear walls pair”. One of the front and rear
walls of the blood vessel is a first wall, and the other is a
second wall.

[0046] Then, the ultrasonic measurement apparatus 10 pet-
forms artery determination for each narrowed-down vascular
front and rear walls pair, thereby identifying whether the
vascular front and rear walls pair corresponds to the artery or
corresponds to the vein (step S8). For the vascular front and
rear walls pair determined to be the artery 5, the ultrasonic
measurement apparatus 10 performs vascular function mea-
surement (step S10). Then, the measurement result is dis-
played on the touch panel 12 (step S12). The content of the
vascular function measurement may be other content without
being limited to the IMT, and a known technique can be
appropriately used.

Description of Principle

[0047] Next, each step will be described in detail.
[0048] First, a step of detecting the scanning lines immedi-
ately above the blood vessel will be described. The detection
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of the scanning lines immediately above the blood vessel is
based on the movement of body tissues. That is, a blood vessel
position is determined based on the finding that blood vessels
move largely periodically with the beating of the heart but the
movement of other body tissues around the blood vessels is
small compared with the movement of the blood vessels.

[0049] FIG. 3 is a diagram schematically showing a state
where the ultrasonic probe 16 is in contact with the body
surface of the subject 2 in order to perform ultrasonic mea-
surement, and is a diagram showing the cross-section of the
blood vessel 4 in a short-axis direction. A plurality of ultra-
sonic transducers 18 are built into the ultrasonic probe 16. In
the example shown in FIG. 3, one ultrasonic beam is irradi-
ated from each ultrasonic transducer 18 toward the bottom
from the top in the diagram. The range covered by the ultra-
sonic transducer 18 is a probe scanning range As. The ultra-
sonic transducers 18 may be provided in a plurality of col-
umns in a depth direction toward the diagram, that is, may be
provided in a planar shape. Alternatively, the ultrasonic trans-
ducers 18 may be provided only in a horizontal direction with
only one column in the depth direction toward the diagram.

[0050] The blood vessel 4 repeats approximately isotropic
expansion/contraction by the beating (expansion/contrac-
tion) of the heart. Therefore, a stronger reflected wave can be
received as the area of the surface perpendicular to the direc-
tion of the ultrasonic beam becomes larger. However, as a
reflected wave becomes more parallel to the beam direction,
it becomes more difficult to receive the reflected wave. For
this reason, in the ultrasonic measurement, the reflected wave
from a front wall 4/'and a rear wall 4r of the blood vessel 4 is
detected strongly, but the reflected wave from a lateral wall 45
is weak. In other words, if there is the blood vessel 4 in the
probe scanning range As, a strong reflected wave relevant to
the front and rear walls appears in the reflected wave signal at
the position of the ultrasonic transducer 18 located immedi-
ately above the blood vessel 4.

[0051] FIGS. 4A to 4C are graphs showing examples of the
received signal of the reflected wave at the position of a
certain ultrasonic transducer 18. FIG. 4A is an image
obtained by converting the received signal strength in each
ultrasonic transducer 18 into a brightness, that is, a B-mode
image. The horizontal axis indicates an arrangement direction
of the ultrasonic transducers 18, that is, a scanning line direc-
tion, and the vertical axis indicates a depth direction. FIG. 4B
is a “depth-signal strength graph” showing a measurement
result in the first frame of the measurement period, and FIG.
4C s a “depth-signal strength graph” showing a measurement
result in the second frame of the measurement period.

[0052] Ifthere is the blood vessel 4 in a transmission direc-
tion (in FIG. 4A, a direction indicated by a dashed line) of the
ultrasonic wave from the ultrasonic transducer 18, a strong
reflected wave relevant to the front and rear walls is detected.
Also in FIGS. 4B and 4C, peaks of two strong reflected waves
that can be clearly identified appear at positions deeper than
the group of reflected waves near the body surface.

[0053] When the signal strengths at respective depths are
compared between frames, a change in the signal strength
occurs at depth positions corresponding to the front and rear
walls of the blood vessel. This is because the blood vessels
pulsate. In addition, a slight signal strength change occurs
because body tissues other than the blood vessel are also
moved slightly due to the influence of pulsation or the like.
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However, this is not as large as the change for the blood vessel
(specifically, front and rear walls of the blood vessel).
[0054] In the present embodiment, even if a characteristic
indicating a blood vessel (front and rear walls) appears in the
signal strength in a certain ultrasonic transducer 18, it is not
determined immediately that the ultrasonic transducer 18 is
located immediately above the blood vessel. Instead, the
ultrasonic transducer 18 located immediately above the blood
vessel, that is, a scanning line immediately above the blood
vessel is determined from the degree of change in the received
signal strength by performing an autocorrelation operation of
the received signal strength between different frames.
[0055] FIGS.5A and5B are diagrams illustrating the detec-
tion of scanning lines immediately above the blood vessel
based on the correlation operation of the received signal
strength between frames. FIG. 5A is a B-mode image, and
FIG. 5B is a graph showing the correlation value of the
received signal strength in each ultrasonic transducer 18
between two consecutive frames. The correlation value is a
value normalized in the range of “0.0 to 1.0, and 1.0 indi-
cates the same.

[0056] When there is no blood vessel below the ultrasonic
transducer 18, a correlation value of the received signal
between two consecutive frames in a certain ultrasonic trans-
ducer 181s alarge value. This is because there is no movement
or little movement of body tissues over time and accordingly
there is no change in the signal strength at each depth position
or the change in the signal strength at each depth position is
small even if there is a change. On the other hand, when there
is a blood vessel, the correlation value is small because the
depth positions of the front and rear walls of the blood vessel
are changed by pulsation. That is, as shown in the graph of
FIG. 5B, the ultrasonic transducer 18 located closer to the
position immediately above the blood vessel center has a
smaller correlation value. Accordingly, an ultrasonic trans-
ducer having a correlation value satisfying predetermined
conditions is determined to be the ultrasonic transducer 18
located immediately above the blood vessel, that is, a scan-
ning line immediately above the blood vessel. More specifi-
cally, in the graph of FIG. 5B, the ultrasonic transducer 18
corresponding to the minimum value is determined to be a
scanning line immediately above the blood vessel. In the
example shown in FIGS. 5A and 5B, an ultrasonic transducer
Tr1 corresponds to this.

[0057] Next, a step of detecting a vessel wall depth position
candidate will be described.

[0058] FIGS. 6A to 6C are diagrams for explaining the
principle of the detection of a vessel wall depth position
candidate. FIG. 6 A is a B-mode image of a blood vessel part,
FIG. 6B is a signal strength graph of the received signal of the
reflected wave in the scanning lines immediately above the
blood vessel, and FIG. 6C is a graph obtained by smoothing
changes in the signal strength more clearly.

[0059] First, peaks, in which signal strengths equal to or
higher than a predetermined vessel wall equivalent signal
level Pw1 are obtained, are extracted. In this case, a strong
reflected wave equal to or higher than the vessel wall equiva-
lent signal level Pw1 is obtained from the front and rear walls
of the blood vessel, but a strong reflected wave may also be
similarly obtained from the surrounding tissues. For this rea-
son, a plurality of peaks (in FIGS. 6A to 6C, five peaks D1 to
D5) may appear in the signal strength graph. Therefore, the
peaks are narrowed down based on the likelihood of the
vascular wall.
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[0060] 1In the narrowing down, first, a peak of a shallower
position than the minimum reference depth Ld is excluded
from the plurality of peaks D1 to D5. The minimum reference
depth Ld is the limit of shallowness at which a blood vessel
having an appropriate size as a measurement target can be
present, and a value larger than at least the dermis is set as the
minimum reference depth L.d. In the example shown in FIGS.
6A to 6C, the peak D1 is excluded from the vessel wall depth
position candidates since the depth of the peak D1 is less than
the minimum reference depth Ld.

[0061] Then, the peaks are narrowed down based on the
finding that the signal strength of the reflected wave of the
intravascular lumen is very low compared with the surround-
ing tissues. That is, the peaks of the signal strength regarded
as the vessel wall depth position candidates are determined as
a pair of front and rear walls, and are temporarily combined.
Then, the signal strengths between the respective combina-
tions are statistically processed to calculate an average value
oramedian. Then, a combination satisfying the vascular front
and rear walls pair equivalent conditions of “combination in
which the statistical processing value is less than a predeter-
mined intravascular lumen equivalent signal level Pw2” and
“combination in which another peak is not present between
the combined peaks” is extracted, and this is set as a “front
and rear walls pair”.

[0062] For example, in the example shown in FIG. 6C, a
combination in which the peak D4 is regarded as the front
wall and the peak D5 is regarded as the rear wall is excluded
since the statistical processing value of the signal strength
between the two peaks exceeds the intravascular lumen
equivalent signal level Pw2. In addition, a combination in
which the peak D3 is regarded as the front wall and the peak
D5 is regarded as the rear wall and a combination in which the
peak D2 is regarded as the front wall and the peak D4 is
regarded as the rear wall are also excluded since another peak
is present between peaks. On the other hand, a combination in
which the peak D3 is regarded as the front wall and the peak
D4 is regarded as the rear wall satisfies the conditions
described above. Accordingly, this combination is regarded
as a “front and rear walls pair”.

[0063] As a method of narrowing down, focusing on the
finding that the vascular wall shows a larger movement than
the surrounding tissues, determination may be made from the
displacement in one cardiac cycle of the peak position of the
signal strength difference between frames. In the narrowing
down method, however, for example, in a situation where
there is almost no movement at the position of the front wall
or the rear wall of the blood vessel in the positional relation-
ship between the blood vessel 4 and the surrounding tissues,
it is not possible to correctly narrow down the vascular front
and rear walls pairs. However, according to the narrowing
down method of the present embodiment, it is possible to
reliably identify the vascular front and rear walls pair even in
such a situation.

[0064] Next, an artery determination step will be described.
[0065] FIGS.7A and 7B are graphs showing examples of a
change in the blood vessel diameter for approximately one
beat of the cardiac cycle, where FIG. 7A is a graph of the
arterial blood vessel diameter and FIG. 7B is a graph of the
venous blood vessel diameter.

[0066] The vascular wall of the artery has a structure with
high stretchability and elasticity so as to be able to withstand
a pulsatile blood flow, which flows from the heart, and the
blood pressure. For this reason, the blood vessel diameter
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increases rapidly during systole (Ts) according to the beating
of the heart, and decreases slowly during diastole (Td) to
return to the original thickness. Therefore, since the blood
vessel diameter increases rapidly immediately after systole
(Ts), the graph of the arterial blood vessel diameter rises
abruptly (for example, a portion surrounded by the dashed
line in FIG. 7A). On the other hand, since the blood vessel
diameter decreases slowly during diastole (Td), the graph
falls gently. Thus, in the case of the artery, the degree of
change in a direction in which the blood vessel diameter
increases is larger than that in a direction in which the blood
vessel diameter decreases, and the difference is noticeable.
[0067] On the other hand, the vascular wall (vein wall) of
the vein is thinner than the vascular wall (artery wall) of the
artery. For this reason, the vascular wall (vein wall) of the vein
has poor elasticity. In addition, blood pressure applied to the
vein wall is lower than the blood pressure applied to the artery
wall. Therefore, in the case of the vein, when the degree of
change in the rise (a portion surrounded by the dashed line in
FIG. 7B) of the graph in a direction in which the blood vessel
diameter increases is compared with the degree of change in
the lowering of the graph in which the blood vessel diameter
decreases, the difference as in the case of the artery does not
appear.

[0068] In the present embodiment, the difference in the
displacement characteristics of the vascular wall due to pul-
sation between the artery and the vein is identified using the
displacement rate waveform of the vascular wall, and is used
for artery determination. Specifically, a temporal change in
the distance between the front and rear walls, that is, the rate
of change in the blood vessel diameter (hereinafter, referred
to as a “diameter change rate”) is calculated by setting the
position regarded as the vascular front and rear walls pair as a
region of interest and calculating the displacement rate of the
vascular wall from the amount of displacement per unit time
using the tracking function for tracking each region of interest
between different frames. Then, the artery/vein is identified
from the ratio between the extreme value of a temporal
change in the diameter change rate in the direction of diam-
eter increase and the extreme value of a temporal change in
the diameter change rate in the direction of diameter decrease.
[0069] For example, FIG. 8A is a diagram showing a dis-
placement rate waveform ofthe artery wall for approximately
three beats of the cardiac cycle, FIG. 8B is a diagram showing
an artery diameter change rate waveform for approximately
three beats of the cardiac cycle, and FIG. 8C is a diagram
showing the ratio between the absolute values of extreme
values (maximum and minimum values), that is, the peak
ratio (maximum value/minimum value) in the diameter
change rate waveform. For example, FIG. 9A is a diagram
showing a displacement rate waveform of the vein wall for
approximately three beats of the cardiac cycle, FIG. 9B is a
diagram showing a vein diameter change rate waveform for
approximately three beats of the cardiac cycle, and FIG. 9C is
a diagram showing the ratio between the absolute values of
extreme values (maximum and minimum values), that is, the
peak ratio (maximum value/minimum value) in the diameter
change rate waveform.

[0070] The difference between the displacement character-
istics of the artery wall, in which the difference between the
rate of change in a direction in which the blood vessel diam-
eter increases and the rate of change in a direction in which
the blood vessel diameter decreases is noticeable, and the
displacement characteristics of the vein wall, in which the

Sep. 10, 2015

difference between the rate of change in a direction in which
the blood vessel diameter increases and the rate of change in
a direction in which the blood vessel diameter decreases is
smaller than that in the case of the artery wall, is expressed as
a difference in the peak ratio, as shown in FIG. 8C and FIG.
9C.

[0071] More specifically, the peak ratio based on the artery
diameter change rate waveform is relatively high, and the
peak ratio based on the vein diameter change rate waveform
is relatively low. The boundary is generally in the range of
“1.4” to “1.6”. In the present embodiment, artery/vein iden-
tification is performed by using the intermediate value “1.5”
as a threshold value of the peak ratio when the blood vessel is
an artery. The threshold value, needless to say, can be appro-
priately set depending on age range, race, sex, medical his-
tory, or the like of the subject.

Description of Functional Configuration

[0072] Next, the functional configuration for realizing the
present embodiment will be described.

[0073] FIG. 10 is a block diagram showing an example of
the functional configuration of the ultrasonic measurement
apparatus 10 according to the present embodiment. The ultra-
sonic measurement apparatus 10 includes an ultrasonic wave
transmission and reception unit 110, an operation input unit
120, a display unit 130, a processing unit 200, and a storage
unit 300.

[0074] Theultrasonic wave transmission and reception unit
110 transmits an ultrasonic wave with a pulse voltage output
from the processing unit 200. Then, the ultrasonic wave trans-
mission and reception unit 110 receives a reflected wave of
the transmitted ultrasonic wave, converts the reflected wave
into a reflected wave signal, and outputs the reflected wave
signal to the processing unit 200. The ultrasonic probe 16
shown in FIG. 1 corresponds to the ultrasonic wave transmis-
sion and reception unit 110.

[0075] The operation input unit 120 receives various kinds
of operation input by the operator, and outputs an operation
input signal corresponding to the operation input to the pro-
cessing unit 200. The operation input unit 120 can be imple-
mented 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 12 or the keyboard 14 corresponds to the
operation input unit 120.

[0076] The display unit 130 is realized by a display device,
such as a liquid crystal display (LCD), and performs various
kinds of display based on the display signal from the process-
ing unit 200. In FIG. 1, the touch panel 12 corresponds to the
display unit 130.

[0077] The processing unit 200 is realized by a micropro-
cessor, such as a CPU or a graphics processing unit (GPU), or
an electronic component, such as an ASIC or an IC memory,
for example. In addition, the processing unit 200 performs
control of the input and output of data to each functional unit,
and calculates biological information of the subject 2 by
performing various kinds of arithmetic processing based ona
predetermined program or data, the operation input signal
from the operation input unit 120, the reflected wave signal
from the ultrasonic wave transmission and reception unit 110,
or the like. The processing device 30 and the control board 31
shown in FIG. 1 correspond to the processing unit 200.
[0078] In the present embodiment, the processing unit 200
includes an ultrasonic measurement control unit 210, a unit
for detecting a scanning line immediately above a blood
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vessel 220, a vessel wall depth position candidate detection
unit 230, a vessel wall detection unit 240, a blood vessel
determination unit 250, and a vascular function measurement
control unit 260.

[0079] The ultrasonic measurement control unit 210 con-
trols the transmission of an ultrasonic wave toward the blood
vessel and the reception of a reflected wave. For example, the
ultrasonic measurement control unit 210 includes a driving
control section 212, a transmission and reception control
section 214, areception combination section 216, and a track-
ing section 218, and performs overall control of ultrasonic
measurement. The ultrasonic measurement control unit 210
can be realized by known techniques.

[0080] The driving control section 212 controls the trans-
mission timing of ultrasonic pulses from the ultrasonic probe
16, and outputs a transmission control signal to the transmis-
sion and reception control section 214.

[0081] The transmission and reception control section 214
generates a pulse voltage according to the transmission con-
trol signal from the driving control section 212, and outputs
the pulse voltage to the ultrasonic wave transmission and
reception unit 110. In this case, it is possible to adjust the
output timing of the pulse voltage to each ultrasonic trans-
ducer by performing transmission delay processing. In addi-
tion, it is possible to perform amplification or filtering of the
reflected wave signal output from the ultrasonic wave trans-
mission and reception unit 110 and to output the result to the
reception combination section 216.

[0082] The reception combination section 216 performs
processing relevant to the so-called focus of a received signal
by performing delay processing as necessary, thereby gener-
ating reflected wave data 320.

[0083] As shown in FIG. 11, the reflected wave data 320 is
generated for each frame. A piece of reflected wave data 320
includes a corresponding measurement frame 1D 322, scan-
ning line 1D 324, and depth-signal strength data 326 corre-
sponding thereto.

[0084] The tracking section 218 performs processing rel-
evant to so-called “tracking” that is for tracking the position
of a region of interest between frames of ultrasonic measure-
ment based on the reflected wave data (reflected wave signal).
For example, it is possible to perform processing for setting a
region of interest (tracking point) in the reflected wave data
(for example, a B-mode image) as a reference, processing for
tracking each region of interest between different frames, and
processing for calculating the displacement for each region of
interest. Functions, such as so-called “echo tracking” or
“phase difference tracking” that is known, are realized.
[0085] The unit for detecting a scanning line immediately
above a blood vessel 220 performs arithmetic processing for
detecting the scanning lines immediately above the blood
vessel or controls each unit. That is, control relevant to the
above-described step of detecting the scanning lines imme-
diately above the blood vessel is performed (refer to FIGS. 5A
and 5B). In the detection of a scanning line immediately
above the blood vessel, when measurement for two consecu-
tive frames is performed, the correlation value of the reflected
wave received signal (depth-signal strength data 326)
between the two frames is calculated for all ultrasonic trans-
ducers, and is stored as an inter-frame signal strength corre-
lation value 330. Then, the ultrasonic transducer (scanning
line) having a correlation value that is a minimum value and
is equal to or less than a predetermined reference value is
detected as a scanning line immediately above the blood
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vessel. The scanning line immediately above the blood vessel
and the detected scanning line ID are stored as a list of
scanning lines immediately above a blood vessel 340.
[0086] As a method of calculating the inter-frame signal
strength correlation value 330, another method may be used.
For example, the calculation of a correlation value based on a
correlation operation (autocorrelation operation), which is
performed whenever ultrasonic measurement for two con-
secutive frames is performed, may be repeated for each ultra-
sonic transducer, and the average value or the median of the
correlation values for a predetermined amount of time (pre-
determined number of frames) maybe set as the inter-frame
signal strength correlation value 330.

[0087] The vessel wall depth position candidate detection
unit 230 detects a depth position regarded as a vessel wall
based on the received signal of the reflected wave in the
scanning lines immediately above the blood vessel. A part of
control relevant to the above-described step of detecting the
vascular wall depth position candidate is performed (refer to
FIGS. 6A to 6C). In the detection of a vessel wall depth
position candidate, a depth position candidate regarded as a
vascular wall, that is, a peak of the signal strength, is extracted
from the reflected wave received signal (depth-signal strength
data 326) of the scanning line for each scanning line imme-
diately above the blood vessel, thereby generating a signal
strength peak list 350.

[0088] The vessel wall detection unit 240 detects the front
and rear walls of the blood vessel using the received signal of
the reflected wave in the scanning lines immediately above
the blood vessel. A part of control relevant to the above-
described step of narrowing down the front and rear walls pair
of the blood vessel is performed (refer to FIG. 6C). In the
detection of front and rear walls of the blood vessel, a com-
bination of the peak assumed to be a front wall and the peak
assumed to be a rear wall is generated from the peaks of the
signal strength stored in the signal strength peak list 350, that
is, from the depth position candidates regarded as vascular
walls, and this is stored as the list of candidate peak pairs of
vascular front and rear walls pairs 360. Then, a statistical
value of the signal strength between the peaks of the pair is
calculated for each pair of peaks assumed to be front and rear
walls that has been generated, and this is stored as peak-to-
peak signal strength statistics data 370. In addition, for each
pair of peaks, a pair in which the statistical value of the signal
strength between the peaks of the pair satisfies the vascular
front and rear walls pair equivalent conditions is narrowed
down, and the pairis detected as a “front and rear walls pair”.
[0089] Theblood vessel determination unit 250 determines
the type of the artery/vein using a temporal change in the
distance between the front and rear walls. A part of control
relevant to the artery determination step described above is
performed (refer to FIGS. 7A to 9C).

[0090] Whenthe blood vessel determination unit 250 deter-
mines that the blood vessel is an artery, the vascular function
measurement control unit 260 performs control relevant to
predetermined vascular function measurement by continuing
position measurement with the front and rear walls of the
blood vessel as a tracking target.

[0091] The storage unit 300 is realized by a storage
medium, such as an IC memory, ahard 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 200. In
FIG. 1, the storage medium 33 mounted in the control board
31 of the processing device 30 corresponds to the storage umt
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300. In addition, the connection between the processing unit
200 and the storage unit 300 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
network (LAN) or the Internet. In this case, the storage unit
300 may be realized by using a separate external storage
device from the ultrasonic measurement apparatus 10.
[0092] Inaddition,asshownin FIG. 11, the storage unit 300
stores a measurement program 310, the reflected wave data
320, the inter-frame signal strength correlation value 330, the
list of scanning lines immediately above a blood vessel 340,
the signal strength peak list 350, the list of candidate peak
pairs of vascular front and rear walls pairs 360, the peak-to-
peak signal strength statistics data 370, vascular frontand rear
walls pair data 380, and vascular function measurement data
390. Needless to say, frame identification information, vari-
ous flags, counter values for time checking, and the like other
than those described above can also be appropriately stored.
[0093] The processing unit 200 realizes the functions of the
ultrasonic measurement control unit 210, the unit for detect-
ing a scanning line immediately above a blood vessel 220, the
vessel wall depth position candidate detection unit 230, the
vessel wall detection unit 240, the blood vessel determination
unit 250, the vascular function measurement control unit 260,
and the like by reading and executing the measurement pro-
gram 310. In addition, when realizing these functional units
with hardware, such as an electronic circuit, a part of the
program for realizing the function can be omitted.

[0094] FIG.12is adiagram showing an example of the data
structure of the vascular front and rear walls pair data 380.
The vascular front and rear walls pair data 3801s generated for
each vascular front and rear walls pair, and includes a front
wall signal strength peak depth 381, a rear wall signal strength
peak depth 382, diameter change rate peak history data 383,
a peak ratio average value 387, and an artery determination
flag 388.

[0095] The front wall signal strength peak depth 381 and
the rear wall signal strength peak depth 382 are depth posi-
tions of the peaks of the signal strengths regarded as front and
rear walls, and correspond to the coordinates of a first region
of interest and the coordinates of a second region of interest in
the tracking control for artery determination, respectively.
[0096] Inthe diameter change rate peak history data 383, an
extreme value of the diameter change rate waveform in one
beat of the cardiac cycle of the blood vessel having the vas-
cular front and rear walls pair is stored. In a piece of diameter
change rate peak history data 383, for example, measurement
timing 384, a diameter change rate maximum value 385 of the
blood vessel diameter, and a diameter change rate minimum
value 386 of the blood vessel diameter are stored.

[0097] In the peak ratio average value 387, the average
value of the peak ratio (=diameter change rate maximum
value 385/diameter change rate minimum value 386) calcu-
lated for each piece of the diameter change rate peak history
data 383 is further stored.

[0098] The artery determination flag 388 is a flag in which
“1” is stored when determination as an artery is made.

Description of the Flow of the Process

[0099] Next, the operation of the ultrasonic measurement
apparatus 10 in each step from the detection of the scanning
lines immediately above the blood vessel to the artery deter-
mination processing will be described (refer to FIG. 2).
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[0100] FIG. 13 is a flowchart for explaining the flow of the
process of detecting the scanning lines immediately above the
blood vessel in the ultrasonic measurement apparatus 10
according to the present embodiment.

[0101] In this process, first, the processing unit 200 trans-
mits ultrasonic beams of a predetermined number of frames
to each ultrasonic transducer (scanning line) and receives the
reflected waves (step S20). Then, the reflected wave data 320
(refer to F1G. 11) is stored in the storage unit 300.

[0102] Then, the inter-frame signal strength correlation
value 330 (refer to FIGS. 5A, 5B, and 11) is calculated from
the reflected wave data 320 (step S22). Then, an ultrasonic
transducer from which a correlation value of a minimum
value equal to or less than a predetermined reference value is
obtained is determined to be a scanning line immediately
above the blood vessel, and a scanning line ID corresponding
to the ultrasonic transducer is registered in the list of scanning
lines immediately above a blood vessel 340 (refer to FIG.11)
(step S24). Then, the process of detecting the scanning lines
immediately above the blood vessel is ended.

[0103] FIG. 14 is a flowchart for explaining the flow of the
process of detecting the vascular wall depth position candi-
date in the ultrasonic measurement apparatus 10 according to
the present embodiment.

[0104] In this process, the processing unit 200 extracts a
local peak, in which the signal strength satisfies the predeter-
mined vascular wall equivalent signal level Pwl (refer to
FIGS. 5A and 5B), from the reflected wave data 320 of the
scanning line for each scanning line immediately above the
blood vessel that is registered in the list of scanning lines
immediately above a blood vessel 340, thereby generating the
signal strength peak list 350 for each scanning line immedi-
ately above the blood vessel (step S40). Then, peaks of the
signal strength equal to or less than the minimum reference
depth Ld are excluded from the list (step S42), and the process
of detecting the vascular wall depth position candidate is
ended.

[0105] FIG. 15 is a flowchart for explaining the flow of the
process of narrowing down the vascular front and rear walls
pairs in the ultrasonic measurement apparatus 10 according to
the present embodiment.

[0106] In this process, the processing unit 200 executes
loop A for each scanning line immediately above the blood
vessel that is registered in the list of scanning lines immedi-
ately above a blood vessel 340 (steps S60 to S66).

[0107] Intheloop A, first, the processing unit 200 generates
a pair from the registered peaks with reference to the signal
strength peak list 350 corresponding to the scanning lines
immediately above the blood vessel to be processed, and
extracts a pair in which a peak-to-peak distance satisfies
predetermined assumed blood vessel diameter conditions,
thereby generating the list of candidate peak pairs of vascular
front and rear walls pairs 360 (step S60). The assumed blood
vessel diameter conditions referred to herein are conditions
defining a rough range of the blood vessel diameter suitable
for the measurement, and it is assumed that the assumed
blood vessel diameter conditions are set in advance by testing
or the like.

[0108] Then, an average signal strength between peaks is
calculated for each pair of peaks registered in the list of
candidate peak pairs of vascular front and rear walls pairs 360
(step S62), and a pair in which the average signal strength
between peaks exceeds the intravascular lumen equivalent
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signal level Pw2 (refer to FIG. 6C) is excluded from the list of
candidate peak pairs of vascular front and rear walls pairs 360
(step S64).

[0109] Inaddition, among the peaks registered in the list of
candidate peak pairs of vascular front and rear walls pairs
360, a pair in which another peak is present between peaks is
excluded from the list (step $66), and the loop A is ended. The
pair of peaks remaining in the list of candidate peak pairs of
vascular front and rear walls pairs 360 in this stage is front and
rear walls of the blood vessel in the scanning lines immedi-
ately above the blood vessel to be processed.

[0110] FIG. 16 is a flowchart for explaining the flow of the
artery determination process in the ultrasonic measurement
apparatus 10 according to the present embodiment.

[0111] In this process, first, for each pair of peaks remain-
ing in the list of candidate peak pairs of vascular front and rear
walls pairs 360, the processing unit 200 generates the vascular
front and rear walls pair data 380 (refer to FIG. 12) by regard-
ing the peak of the relatively shallow position (position where
the depth from the body surface is small) of the pair as a front
wall and the peak of the relatively deep position as a rear wall
(step S80).

[0112] Then, the processing unit 200 sets the front wall
signal strength peak depth 381 and the rear wall signal
strength peak depth 382 of all pieces of the vascular front and
rear walls pair data 380 as a region of interest, and tracks the
displacement of each region of interest in a predetermined
number of cardiac beats (step S82). It is also possible to use
the reflected wave data 320 that is already stored. Then, for
each vascular front and rear walls pair, the peak of the blood
vessel diameter change rate is calculated for each beat of the
cardiac cycle, thereby generating the diameter change rate
peak history data 383 (step S84).

[0113] Then, the processing unit 200 calculates the peak
ratio average value 387 for each vascular front and rear walls
pair (step S86). Then, the processing unit 200 determines a
vascular front and rear walls pair, which has a peak ratio equal
to or greater than a predetermined threshold value (in the
present embodiment, 1.5), to be an artery and sets the artery
determination flag 388 to “1”, and determines a vascular front
and rear walls pair having a peak ratio less than the predeter-
mined threshold value and sets the artery determination flag
388 to “0” (step S88). Then, the processing unit 200 sets a
vascular front and rear walls pair having the largest peak ratio
average value 387 as a target artery for vascular function
measurement (step S90), and the artery determination pro-
cess 1s ended.

[0114] As described above, according to the present
embodiment, it is possible to find an artery automatically
from the tissues in the body in the scanning range As (refer to
FIG. 3) of the ultrasonic probe 16 and to perform vascular
function measurement with the artery as a measurement tat-
get. Therefore, since the only thing that the operator has to do
is to place the ultrasonic probe 16 at an approximate place
where the carotid artery may be present, a labor in the mea-
surement work is greatly reduced. As a result, measurement
errors can also be reduced significantly.

Modification Exanmples

[0115] In addition, embodiments of the invention are not
limited to the embodiment described above, and constituent
components can be appropriately added, omitted, and
changed.
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(A) Detection of a Depth Position Candidate of a
Blood Vessel

[0116] In addition, a vessel wall depth position candidate
may be detected by performing a correlation operation of the
received signal strength. Specifically, the depth position of a
blood vessel is detected by calculating the degree of change in
the received signal strength by performing an autocorrelation
operation of the received signal strength between different
frames for each depth position.

[0117] Detailed explanation will be given below.

[0118] FIGS. 17A and 17B are diagrams illustrating the
received signal strength at a certain depth position. FIG. 17A
shows a B-mode image obtained from the measurement result
of each ultrasonic transducer, and FIG. 17B shows a “scan-
ning line-signal strength graph” obtained from the B-mode
image shown in FIG. 17A. FIG. 17B shows a graph in each of
first and second frames. The “scanning line-signal strength
graph” is a graph showing the received signal strength along
a scanning line direction for a certain depth position. As
described above, if there is a blood vessel, a strong reflected
wave applied to the front wall or the rear wall is detected. In
FIG. 17B, a strong reflected wave relevant to the front wall of
the blood vessel appears. When the received signal strengths
are compared between frames, a change in the signal strength
occurs at a scanning line position corresponding to the blood
vessel position.

[0119] FIGS. 18A and 18B are diagrams illustrating the
detection of the depth position of a blood vessel based on the
correlation operation of the signal strength between frames.
FIG. 18A is a B-mode image, and FIG. 18B is a histogram
showing the correlation value of the received signal strength
at each depth position between two consecutive frames. The
correlation value is a value normalized in the range of “0.0 to
1.0”,

[0120] When there is no blood vessel at a certain depth
position, the correlation value of the received signal strength
graph between two consecutive frames is large because there
is almost no change in the received signal strength. On the
other hand, when there is a blood vessel, the correlation value
is small because the received signal strength of a portion
corresponding to the scanning line position of the blood ves-
sel is changed. As described above, the received signal
strength is a measurement result according to an ultrasonic
transducer, and the reflected wave from the front and rear
walls of the blood vessel is detected strongly, but the reflected
wave reflected from the lateral wall is weak. That is, as shown
in the histogram of FIG. 18B, the correlation value at the
depth positions of the front and rear walls of the blood vessel
is small. Therefore, in the histogram of FIG. 18B, depth
positions at which the correlation value corresponds to the
minimum value is determined to be the depth positions of the
front and rear walls of the blood vessel. In FIGS. 18A and
18B, depth positions F1 and F2 correspond to the depth
positions of the front and rear walls of the blood vessel.
[0121] Theentire disclosure of Japanese Patent Application
No. 2014-046557. filed on Mar. 10, 2014 is expressly incor-
porated by reference herein.

What is claimed is:

1. An ultrasonic measurement apparatus, comprising:

a transmission and reception control unit that controls
transmission of an ultrasonic wave to a blood vessel and
reception of the ultrasonic wave that is reflected from the
blood vessel;
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a vessel wall detection unit that detects first and second
walls of the blood vessel based on a received signal
obtained from the received ultrasonic wave; and

ablood vessel determination unit that determines the blood
vessel based on a distance between the first and second
walls.

2. The ultrasonic measurement apparatus according to

claim 1, further comprising:

a unit that detects a position immediately above the blood
vessel using a correlation value obtained by autocorre-
lation of the received signal.

3. The ultrasonic measurement apparatus according to

claim 1, further comprising:

adepth position detection unit that detects a depth position
of the blood vessel using a correlation value obtained by
autocorrelation of the received signal at different depth
positions.

4. The ultrasonic measurement apparatus according to

claim 1,

wherein the blood vessel determination unit determines a

type of the blood vessel using a temporal change in an
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increasing direction of the distance and a temporal
change in a decreasing direction of the distance.

5. The ultrasonic measurement apparatus according to

claim 1, further comprising;

a vascular function measuring unit that performs vascular
function measurement of the blood vessel by continuing
position measurement with the first and second walls of
the blood vessel as tracking targets when the blood ves-
sel is determined to be an artery by the blood vessel
determination unit.

6. An ultrasonic measurement method, comprising:

controlling transmission of an ultrasonic wave to a blood
vessel and reception of the ultrasonic wave that is
reflected from the blood vessel;

detecting first and second walls of the blood vessel based
on a received signal obtained from the received ultra-
sonic wave; and

determining the blood vessel based on a distance between
the first and second walls.

* ok %k
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