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An ultrasonic measurement apparatus detects a plurality of
feature points in a B-mode image acquired by ultrasonic
measurement. The feature point detection is repeatedly per-
formed for each measurement frame. Then, a displacement
vector of each feature point between measurement frames
that are temporally adjacent (consecutive) to each other is
calculated. Then, a displacement direction is calculated based
on the displacement vector for each feature point. An inter-
section of the displacement direction lines is detected as a
cross-sectional center position of a blood vessel.
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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 detects a blood vessel position using
an ultrasonic wave.

[0003] 2. Related Art

[0004] As an example of measuring biological information
using anultrasonic wave, the evaluation of a vascular function
including the determination of a vascular disease is per-
formed. For example, the intima media thickness (IMT) of the
carotid artery, which is an indicator of arteriosclerosis, is
measured. In such measurement, the position or shape of a
blood vessel of the tissue in the body is measured.

[0005] JP-A-2009-66268 discloses a technique of estimat-
ing and modeling the position or shape of the carotid artery
based on a B-mode image that is a cross-sectional image of
the carotid artery. In this technique, focusing on the move-
ment of the artery due to beating of the heart, generation of an
evaluation function of a model, optimization for estimating
the position or shape of the carotid artery of the next frame,
and modeling are repeated for each frame.

[0006] In the technique disclosed in JP-A-2009-66268,
since the generation of an evaluation function, optimization,
and modeling are repeatedly performed for each frame, cal-
culation processing related to measurement becomes compli-
cated. Accordingly, there has been a problem in that the
amount of calculation is increased.

SUMMARY

[0007] An advantage of some aspects of the invention is to
propose a new technique for detecting the position of a blood
vessel to be subjected to ultrasonic measurement.

[0008] A first aspect of the invention is directed to an ultra-
sonic measurement apparatus including: a measurement data
acquisition unit that transmits an ultrasonic wave to a surface
of a body and acquires measurement data, which is obtained
by measuring a cross section of the body with the ultrasonic
wave, based on a received signal; a displacement detection
unit that detects displacement of a tissue in the body based on
the measurement data; and a blood vessel position detection
unit that detects a blood vessel position in the body based on
the detected displacement.

[0009] As another aspect of the invention, the first aspect of
the invention may be configured as an ultrasonic measure-
ment method including: transmitting an ultrasonic wave to a
surface of a body and acquiring measurement data, which is
obtained by measuring a cross section of the body with the
ultrasonic wave, based on a received signal; detecting dis-
placement of a tissue in the body based on the measurement
data; and detecting a blood vessel position in the body based
on the detected displacement.

[0010] According to the first aspect and the another aspect
of the invention, a blood vessel position in the body is
detected based on the displacement of the tissue in the body
that has been detected based on the measurement data
obtained by measuring the cross section of the body with an
ultrasonic wave. A blood vessel repeats contraction and relax-
ation periodically according to beating, and a tissue in the
body around the blood vessel 1s also displaced in synchroni-
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zation with the periodic contraction and relaxation of the
blood vessel. Therefore, it is possible to realize a new tech-
nique for detecting the blood vessel position that has caused
the displacement by detecting the displacement of the tissue
in the body.

[0011] A second aspect of the invention is directed to the
ultrasonic measurement apparatus according to the first
aspect of the invention, wherein the displacement detection
unit detects the displacement by comparing a plurality of
pieces of measurement data in time series.

[0012] According to the second aspect of the invention, it is
possibleto detect the displacement of the tissue in the body by
comparing a plurality of pieces of measurement data in time
series.

[0013] A third aspect of the invention is directed to the
ultrasonic measurement apparatus according to the first or
second aspect of the invention, wherein the displacement
detection unit detects a displacement direction of the tissue in
the body, and the blood vessel position detection unit detects
the blood vessel position based on the displacement direction.

[0014] According to the third aspect of the invention, the
displacement direction of the tissue in the body is detected,
and the blood vessel position is detected based on the dis-
placement direction. Since the blood vessel repeats isotropic
contraction and relaxation on the cross section in the short-
axis direction of the blood vessel, the displacement direction
of the blood vessel or the tissue in the body around the blood
vessel becomes a radial direction from the approximate cen-
ter position of the short-axis cross section of the blood vessel.
Therefore, it is possible to detect the blood vessel position
from the detected displacement direction of the tissue in the
body.

[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, wherein the ultrasonic
measurement apparatus further includes a feature point detec-
tion unit that detects a plurality of feature points relevant to
the tissue in the body based on the measurement data, the
displacement detection unit detects displacement directions
of the plurality of feature points, and the blood vessel position
detection unit detects the blood vessel position by calculating
an intersection of lines of the displacement directions of the
plurality of feature points.

[0016] According to the fourth aspect of the invention, the
blood vessel position is detected by calculating the intersec-
tion of the displacement direction lines of the plurality of
feature points relevant to the tissue in the body. Since the
blood vessel repeats isotropic contraction and relaxation on
the cross section in the short-axis direction of the blood ves-
sel, an intersection of the displacement direction lines of the
plurality of feature points can be detected as the approximate
center position of the short-axis cross section of the blood
vessel.

[0017] A fifth aspect of the invention is directed to the
ultrasonic measurement apparatus according to the fourth
aspect of the invention, wherein the feature point detection
unit detects a feature point relevant to the blood vessel or a
tissue in the body around the blood vessel.

[0018] According to the fifth aspect of the invention, a
feature point relevant to the blood vessel or a tissue in the
body around the blood vessel is detected as the feature point.
Therefore, since it is possible to detect the displacement of



US 2015/0238163 Al

each feature point according to the contraction and relaxation
of the blood vessel, it becomes easy to detect the blood vessel
position.

[0019] A sixth aspect of the invention is directed to the
ultrasonic measurement apparatus according to any one of the
first to fifth aspects of the invention, wherein the displacement
detection unit detects the displacement according to at least
one of contraction and relaxation of the blood vessel.

[0020] According to the sixth aspect of the invention, a
displacement according to at least one of the contraction and
relaxation of the blood vessel is detected as the displacement
of the tissue in the body. Since the blood vessel repeats con-
traction and relaxation, the detected displacement direction
of the tissue in the body can be represented by an approxi-
mately straight line. Therefore, by detecting the displacement
according to at least one of the contraction and relaxation of
the blood vessel, it is possible to detect the displacement
direction of the tissue in the body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0022] FIG. 1 is a diagram showing the overall configura-
tion of an ultrasonic measurement apparatus.

[0023] FIG. 2 is a diagram for explaining the contraction
and relaxation of a blood vessel.

[0024] FIG. 3 is a diagram for explaining the calculation of
a displacement vector.

[0025] FIG. 4 is a diagram for explaining a method of
determining the displacement direction.

[0026] FIG.5is a diagram for explaining the detection of a
feature point in a B-mode image.

[0027] FIG. 6 is a diagram showing the functional configu-
ration of the ultrasonic measurement apparatus.

[0028] FIG. 7is a flowchart of the ultrasonic measurement
process.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Overall Configuration

[0029] FIG. 1 is a diagram showing an example of the
configuration of an ultrasonic measurement apparatus 10
according to the present embodiment. The ultrasonic mea-
surement apparatus 10 is an apparatus that measures biologi-
cal information of a subject using an ultrasonic wave. In the
present embodiment, vascular function information, such as
the intima media thickness (IMT) of the carotid artery, is
measured as biological information. Needless to say, it is also
possible to measure other vascular function information, such
as a blood vessel diameter or blood pressure measured from
the blood vessel diameter, in addition to the IMT.

[0030] Theultrasonic measurementapparatus 10 includes a
touch panel 12, a keyboard 14, an ultrasonic probe 16, and a
main device 20. A control board 22 is mounted in the main
device 20, and is connected to each unit, such as the touch
panel 12, the keyboard 14, and the ultrasonic probe 16, so that
signal transmission and reception therebetween are possible.
[0031] Not only various integrated circuits, such as a cen-
tral processing unit (CPU) 24 and an application specific
integrated circuit (ASIC), but also a storage medium 26, such
as an IC memory or a hard disk, and a communication IC 28
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for realizing data communication with an external device are
mounted on the control board 22. The main device 20 realizes
various functions according to the present embodiment,
including ultrasonic measurement, by executing a control
program stored in the storage medium 26 with the CPU 24 or
the like.

[0032] Specifically, the main device 20 transmits or radi-
ates an ultrasonic beam from the ultrasonic probe 16 to the
tissue in the body of the subject 2 and receives the reflected
wave. Then, by performing amplification and signal process-
ing on a received signal of the reflected wave, it is possible to
generate measurement data relevant to the structure in the
body ofthe subject. Images of respective modes ofa so-called
A mode, B mode, M mode, and color Doppler mode are
included in the measurement data. Measurement using an
ultrasonic wave is repeatedly performed at predetermined
periods. The measurement unit is referred to as a “frame”.
[0033] The ultrasonic probe 16 is formed by arraying a
plurality of ultrasonic transducers. In the present embodi-
ment, ultrasonic transducers are arrayed in a row. However, it
is possible to adopt a planar array configuration including a
plurality of rows. Then, the ultrasonic probe 16 is fixed to the
neck of the subject 2 in a relative posture in which an ultra-
sonic wave from each ultrasonic transducer traverses the
carotid artery of the subject in a short-axis direction, and the
biological information is measured.

Principle

[0034] Inmeasurement of vascular function information, a
blood vessel position is detected first. FIG. 2 is a schematic
diagram of a short-axis cross section of a blood vessel 3. The
blood vessel 3 repeats isotropic contraction and expansion
according to beating. The contraction and expansion direc-
tion is a radial direction from a center position 4 of the
short-axis cross section of the blood vessel 3. Based on this, in
the present embodiment, the displacement of the tissue in the
body around the blood vessel 3 is detected using a B-mode
image that is one type of measurement data, and a cross-
sectional center position 4 of the blood vessel 3 is detected
from the displacement direction. The dashed circle in FIG. 2
is some of feature points shown in FIG. 3, and the displace-
ment direction of the center position of the dashed circle is
indicated by the solid double-headed arrow.

[0035] An orthogonal three-dimensional coordinate sys-
tem having a depth direction from the skin surface (body
surface) as a 7 axis, a longitudinal direction (blood flow
direction) of the blood vessel 3 as a Y axis, and a short-axis
direction of the blood vessel 3 perpendicular to the Y and 7
axes as an X axis is used as a coordinate system in the present
embodiment.

[0036] More specific explanation will be given below. First,
as shown in FIG. 3, feature points (center positions of the
dashed circles in FIG. 3) in B-mode images P1 and P2 mea-
sured in two consecutive measurement frames are extracted,
and feature point matching estimation (also referred to as
tracking) between the two B-mode images P1 and P2 is per-
formed. Feature points that could not be matched with each
other are determined to be feature points having a small
feature quantity and are deleted. Accordingly, only feature
points whose positions with respect to the elapse of time can
be specified (that is, tracked) are detected. Since the feature
point extraction method and the matching estimation method
can be realized by using known techniques appropriately,
explanation thereof herein will be omitted.
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[0037] Then, a displacement vector V indicating a position
change between consecutive frames is calculated for each
feature point detected as a feature point that can be tracked.
FIG. 4 is a diagram showing an example of calculating a
displacement vector V,,, based on the position of the t-th
frame and the position of the next (t+1)-th frame for one
certain detected feature point. The displacement vector V is
calculated for each detected feature point.

[0038] Then, a direction of the displacement vector V is
assumed to be the displacement direction of the feature point.
In this case, in order to improve the detection accuracy of the
blood vessel position, the displacement direction is deter-
mined for each feature point as follows. That is, the position
of one feature point is tracked, and a plurality of displacement
vectors V between a plurality of consecutive frames are cal-
culated. Among the directions of the plurality of calculated
displacement vectors V, the most frequently appearing direc-
tion is determined as the displacement direction of the feature
point. That is, the direction determination is based on the
majority method. By performing the direction determination
for each feature point, the displacement direction of each
feature point is determined.

[0039] For example, as shown in FIG. 5, a displacement
direction is expressed as an angle 0 between the displacement
vector V and the X axis. Since the position of each feature
point changes so as to reciprocate in the radial direction from
the center of the blood vessel 3 as shown in FIG. 2, the angle
0 is assumed to be in the range of “0° to 180°”. That is, the
displacement vectors V having opposite directions, such as
displacement vectors shown in F1G. 5, are regarded as having
the same displacement direction. Specifically, the displace-
ment vector V is defined by position coordinates, a direction
(also referred to as an orientation), and size. Therefore, if a
counterclockwise angle (a clockwise angle is also possible)
between the direction of the displacement vector V and the
X-axis positive direction is in the range of “0° to 180°”, the
counterclockwise angle is determined as the angle 6 of the
displacement direction. If the counterclockwise angle
between the direction of the displacement vector V and the
X-axis positive direction is in the range of “180° to 360°”, an
angle obtained by subtracting 180° from the counterclock-
wise angle is determined as the angle 0 of the displacement
direction.

[0040] After the displacement direction of each of a plural-
ity of feature points is determined, as shown in FIG. 2, a
straight line (dotted line in FIG. 2) that passes through the
position of each of the plurality of feature points and is in a
direction along the displacement direction of each feature
point is calculated (hereinafter, the straight line is referred to
as a “displacement direction line”). Then, an intersection of
the displacement direction lines is calculated, and the inter-
section of the displacement direction lines is set as the cross-
sectional center position 4 of the blood vessel 3. Theoreti-
cally, the number of intersections calculated is 1. However,
when a combination of two displacement direction lines is
selected from a plurality of displacement direction lines and
an intersection is calculated for each combination, the num-
ber of intersections calculated may not be 1. Therefore,
among the intersections calculated for each combination of
displacement direction lines, an intersection where the num-
ber of overlapping positions is the largest can be determined
as the cross-sectional center position 4 of the blood vessel 3.
As another example, it is also possible to consider a method in
which a set of positions of the calculated intersections fall
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within the approximately fixed vicinity. For example, the
center of the vicinity can be determined as the cross-sectional
center position 4. When calculating the vicinity, a process of
removing measurement errors can be introduced as a matter
of course, such as setting a position range, in which about
80% of the set of positions of the intersections calculated are
included, as the vicinity.

Functional Configuration

[0041] FIG. 6 is a diagram showing the functional configu-
ration of the ultrasonic measurement apparatus 10. As shown
in FIG. 6, the ultrasonic measurement apparatus 10 includes
an operation input unit 110, a display unit 120, a sound output
unit 130, a communication unit 140, a processing unit 200,
and a storage unit 300.

[0042] The operation input unit 110 is realized by an input
device, such as button switches, a touch panel, or various
sensors, and outputs an operation signal corresponding to an
operation to the processing unit 200. In FIG. 1, the touch
panel 12 or the keyboard 14 corresponds to the operation
input unit 110.

[0043] The display unit 120 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 120. The sound output unit 130 is realized by a
sound output device, such as a speaker, and performs various
kinds of sound output based on the sound signal from the
processing unit 200.

[0044] The communication unit 140 is realized by a wire-
less communication device, such as a wireless local area
network (LAN) or Bluetooth (registered trademark), or a
communication device, such as amodem, a jack of acommu-
nication cable, or a control circuit, and is connected to a
predetermined communication line to perform communica-
tion with an external device. In FIG. 1, the communication IC
28 mounted on the control board 22 corresponds to the com-
munication unit 140.

[0045] The processing unit 200 is realized by a micropro-
cessor such as a central processing unit (CPU) or a graphics
processing unit (GPU), an application specific integrated cir-
cuit (ASIC), or an electronic component such as an integrated
circuit (IC) memory. The processing unit 200 controls the
operation of the ultrasonic measurement apparatus 10 by
performing various kinds of arithmetic processing based on a
program or data stored in the storage unit 300, an operation
signal from the operation input unit 110, and the like. The
processing unit 200 includes an ultrasonic measurement con-
trol section 210, a blood vessel position detection section 230,
and a vascular function measurement section 250.

[0046] The ultrasonic measurement control section 210
controls the transmission and reception of an ultrasonic wave
in the ultrasonic probe 16. Specifically, the ultrasonic mea-
surement control section 210 performs control such that an
ultrasonic wave is transmitted from the ultrasonic probe 16 at
the transmission timing occurring at predetermined periods.
In addition, the ultrasonic measurement control section 210
performs amplification or the like of a signal of the reflected
wave of the ultrasonic wave received in the ultrasonic probe
le.

[0047] The measurement data generation section 220 gen-
erates measurement data including image data of each mode,
such as an A mode, a B mode, or an M mode, based on the
received signal of the reflected wave in the ultrasonic probe
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16. The measurement data generation section 220 corre-
sponds to a measurement data acquisition unit.

[0048] The blood vessel position detection section 230
includes a feature point detection section 232, a feature point
matching section 234, a displacement vector calculation sec-
tion 236, a displacement direction calculation section 238,
and a displacement direction intersection calculation section
240, and detects a blood vessel position based on the mea-
surement data generated by the measurement data generation
section 220.

[0049] The feature point detection section 232 detects a
feature point in a B-mode image in each measurement frame.
In this case, the feature point detection section 232 detects a
feature point that appears in each B-mode image during a
predetermined period of time (for example, 1 to 2 seconds)
and has a predetermined feature quantity or more, that is, a
feature point whose position can be tracked.

[0050] The feature point matching section 234 performs
matching of the feature points detected by the feature point
detection section 232 between frames. Matching can be per-
formed from the features on the image of each feature point
(brightness value or surrounding brightness value of the fea-
ture point) or the like.

[0051] The displacement vector calculation section 236
calculates the displacement vector V of the feature points
matched by the feature point matching section 234 between
the respective frames.

[0052] The displacement direction calculation section 238
calculates a displacement direction of each feature point
detected by the feature point detection section 232 from the
displacement vector V calculated by the displacement vector
calculation section 236. Specifically, the displacement direc-
tion calculation section 238 calculates the frequency of occur-
rence of the direction of the displacement vector V for each
feature point, and determines the most frequently appearing
direction as the displacement direction of the feature point.
This displacement vector calculation section 236 and the
displacement direction calculation section 238 correspond to
a displacement detection unit.

[0053] The displacement direction intersection calculation
section 240 calculates, for each feature point, a displacement
direction line that passes through the position coordinates of
the feature point and is in a direction along the displacement
direction calculated by the displacement direction calculation
section 238. Then, the displacement direction intersection
calculation section 240 calculates an intersection between
each feature point and a displacement direction line. A deter-
mination method when the number of intersections is not 1 is
as described above. This intersection is detected as a cross-
sectional center position of the blood vessel, and is stored as
vascular center position coordinates 340 in the B-mode
image.

[0054] The vascular function measurement section 250
performs measurement of predetermined vascular function
information. Specifically, the vascular function measurement
section 250 performs measurement of vascular function
information, such as calculating the pulse rate, by measuring
the IMT or the vessel diameter of a blood vessel specified by
the detected blood vessel position or by estimating the blood
pressure from the vessel diameter change by tracking the
front and rear walls of the blood vessel.

[0055] The storage unit 300 is realized by a storage device,
such as a ROM, a RAM, or a hard disk, and stores a program
or data required for the processing unit 200 to perform overall
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control of the ultrasonic measurement apparatus 10. In addi-
tion, the storage unit 300 is used as a working area of the
processing unit 200, and temporarily stores calculation
results of the processing unit 200, operation data from the
operation input unit 110, and the like. In FIG. 1, the storage
medium 26 mounted on the control board 22 corresponds to
the storage unit 300. In the present embodiment, an ultrasonic
measurement program 312, B-mode data 320, feature point
data 330, and the vascular center position coordinates 340 are
stored in the storage unit 300.

[0056] The B-mode data 320 is generated for each mea-
surement frame, and includes a frame ID, B-mode image
data, and a feature point coordinates list that is a list of the
position coordinates of each feature point in the B-mode
image.

[0057] The feature point data 330 is generated for each
feature point detected by the feature point detection section
232, andincludes a feature point ID, position coordinates data
that is the position coordinates in the B-mode image in each
measurement frame, occurrence frequency data for each
direction, and a displacement direction. The occurrence fre-
quency data for each direction is data used by the displace-
ment direction calculation section 238, and is data of the
frequency of occurrence obtained by totaling the number of
occurrences of the displacement vector V, which is calculated
in each measurement frame by the displacement vector cal-
culation section 236, for each direction. The occurrence fre-
quency data for each direction can also be said to be data
obtained by totaling the number of displacement vectors V in
each measurement frame for each direction. In addition, data
of the displacement vector V calculated in each measurement
frame may be included in the feature point data 330.

Flow of the Process

[0058] FIG. 7 is a flowchart illustrating the flow of the
ultrasonic measurement process. This process is realized by
the execution of the ultrasonic measurement program. 312 by
the processing unit 200.

[0059] First, the processing unit 200 starts the transmission
and reception of an ultrasonic wave using the ultrasonic probe
16 (step S1). Then, the processing of loop A is repeated for
each measurement frame. In loop A, the measurement data
generation section 220 generates a B-mode image based on
the received signal of the ultrasonic reflected wave in the
ultrasonic probe 16 (step S3). Then, the feature point detec-
tion section 232 detects a feature point from the generated
B-mode image (step S5).

[0060] Then, the process of loop B is performed for each
detected feature point. In loop B, the feature point to be
processed is matched with a feature point in the B-mode
image in the previous frame (step S7), and the displacement
vector V with respect to the previous frame is calculated (step
S9). Then, in the occurrence frequency data for each direction
included in the feature point data 330 of the feature point to be
processed, the frequency of occurrence of the direction of the
displacement vector V calculated in step S9 is updated (for
example, “1” is added) (step S11). Then, the most frequently
appearing direction in the data for each direction is deter-
mined as a displacement direction of the feature point to be
processed (step S13).

[0061] The process of loop B is performed for all of the
feature points. Then, the displacement direction line of each
feature point is calculated and the intersection of the displace-
ment direction lines is calculated, thereby the cross-sectional
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center position of the blood vessel being calculated (step
S15). In this case, an intersection of the combination of every
two displacement direction lines is calculated. However,
when the coordinates of a predetermined number of intersec-
tions match each other (that is, when a predetermined number
of displacement direction lines cross at one point (specifi-
cally, when a predetermined number of displacement direc-
tion lines pass through a predetermined narrow range)), the
point of intersection is set as the cross-sectional center posi-
tion of the blood vessel. If the cross-sectional center position
of the blood vessel is not calculated (step S17: NO), the
process of loop A is performed for the next measurement
frame. When a long time has not passed from the start of
measurement, a possibility of NO in step S17 is high since the
occurrence frequency data for each direction includes few
values. Then, if the cross-sectional center position of the
blood vessel is calculated (step S17: YES), the process of loop
A is ended.

[0062] After the process of loop A is ended, it is notified
that the blood vessel position has been detected (step S19).
Then, the vascular function measurement section 250 mea-
sures predetermined vascular function information using the
ultrasonic wave transmission and reception results of the
ultrasonic probe 16, and stores and displays the measurement
results (step S21). After performing the processing described
above, the ultrasonic measurement process is ended.

Effects

[0063] According to the present embodiment, the ultra-
sonic measurement apparatus 10 can calculate the displace-
ment of each of a plurality of feature points from a plurality of
time-series B-mode images acquired by ultrasonic measure-
ment, and can detect an intersection between the displace-
ment direction lines as the cross-sectional center position of
the blood vessel. Therefore, it is possible to realize a new
technique for detecting the blood vessel position to be sub-
jected to ultrasonic measurement. In addition, since the tech-
nique is a relatively simple method of using the received
signal of the reflected ultrasonic wave, the amount of arith-
metic processing is small. Therefore, it is possible to increase
the calculation speed.

MODIFICATION EXAMPLES

[0064] In addition, it should be understood that embodi-
ments to which the invention can be applied are not limited to
the embodiment described above and various modifications
can be made without departing from the spirit and scope of the
invention.

[0065] For example, the calculation of the displacement
direction of each feature point based on the B-mode image
may be performed in a period of either contraction or relax-
ation of the blood vessel. A blood vessel repeats contraction
and relaxation according to the beating of the heart, and is
displaced such that each feature point makes one round trip
during one period of the contraction and relaxation. There-
fore, it is possible to quickly detect the blood vessel position
(cross-sectional center position) by detecting the displace-
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ment of the feature point in a period of either contraction or
relaxation of the blood vessel.

[0066] Theentire disclosure of Japanese Patent Application
No. 2014-036406, filed on Feb. 27, 2014 is expressly incor-
porated by reference herein.

What is claimed is:

1. An ultrasonic measurement apparatus, comprising:

ameasurement data acquisition unit that transmits an ultra-
sonic wave to a body and acquires measurement data,
which is obtained by measuring a cross section of the
body with the ultrasonic wave, based on a received sig-
nal;

a displacement detection unit that detects displacement of
a tissue in the body based on the measurement data; and

ablood vessel position detection unit that detects a position
of a blood vessel in the body based on the detected
displacement.

2. The ultrasonic measurement apparatus according to

claim1,

wherein the displacement detection unit detects the dis-
placement by comparing a plurality of pieces of mea-
surement data in time series.

3. The ultrasonic measurement apparatus according to

claim 1,

wherein the displacement detection unit detects a displace-
ment direction of the tissue in the body, and

the blood vessel position detection unit detects the position
of the blood vessel in the body based on the displace-
ment direction.

4. The ultrasonic measurement apparatus according to

claim 1, further comprising;

a feature point detection unit that detects feature points
relevant to the tissue in the body based on the measure-
ment data,

wherein the displacement detection unit detects displace-
ment directions of the feature points, and

the blood vessel position detection unit detects the blood
vessel position by calculating an intersection of lines of
the displacement directions of the feature points.

5. The ultrasonic measurement apparatus according to

claim 4,

wherein the feature point detection unit detects a feature
point relevant to the blood vessel in the body or a tissue
in the body around the blood vessel in the body.

6. The ultrasonic measurement apparatus according to

claim 1,

wherein the displacement detection unit detects the dis-
placement according to at least one of contraction and
relaxation of the blood vessel.

7. An ultrasonic measurement method, comprising:

transmitting an ultrasonic wave to a body and acquiring
measurement data, which is obtained by measuring a
cross section of the body with the ultrasonic wave, based
on a received signal;

detecting displacement of a tissue in the body based on the
measurement data; and

detecting a position of a blood vessel in the body based on
the detected displacement.
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