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Measurement data, which is obtained by measuring a cross
section of the body with an ultrasonic wave, is acquired based
on a received signal of an ultrasonic wave transmission and
reception unit configured to transmit and receive an ultrasonic
wave to and from a blood vessel through the surface of the
body, the blood vessel having a part satisfying predetermined
tissue conditions. The part is detected based on the acquired
measurement data. Then, it is detected that the ultrasonic
wave transmission and reception unit has moved on the sur-
face of the body along the longitudinal direction of the blood
vessel and has reached a predetermined position for perform-
ing predetermined vascular function measurement, from the
detection of the part, based on the measurement data.
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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 measures biological information
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.

[0005] 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.

[0006] 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 vessel 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.

[0007] Incidentally, when periodically measuring the bio-
logical information, it is desirable to perform measurement at
the same position on the blood vessel from the point of view
of measurement conditions error. However, in such periodic
measurement performed every few days or every few weeks,
an ultrasonic probe is not continuously fixed to the subject.
Accordingly, it has been difficult to perform measurement at
substantially the same position on the blood vessel.

SUMMARY

[0008] An advantage of some aspects of the invention is to
easily realize steady and accurate positioning for the blood
vessel to be subjected to ultrasonic measurement.

[0009] A first aspect of the invention is directed to an ultra-
sonic measurement apparatus including: an ultrasonic wave
transmission and reception unit that transmits and receives an
ultrasonic wave to and from a blood vessel through a surface
of a body, the blood vessel having a part satisfying predeter-
mined tissue conditions; an acquisition unit that acquires
measurement data, which is obtained by measuring a cross
section of the body with an ultrasonic wave, based on a
received signal of the ultrasonic wave transmission and recep-
tion unit; a detection unit that detects the part based on the
measurement data; and a movement detection unit that
detects that the ultrasonic wave transmission and reception
unithas moved on the surface of the body along a longitudinal
direction of the blood vessel and has reached a predetermined
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position for performing predetermined vascular function
measurement, from the detection of the detection unit, based
on the measurement data.

[0010] According to the first aspect of the invention, when
an ultrasonic probe is placed on the blood vessel of the subject
and is moved in the longitudinal direction of the blood vessel,
it is automatically detected that the ultrasonic probe has
arrived at the predetermined position for performing vascular
function measurement. That is, just by moving the ultrasonic
probe along the blood vessel by the operator, it is possible to
perform steady and accurate positioning for the blood vessel
to be subjected to ultrasonic measurement.

[0011] A second aspect of the invention is directed to the
ultrasonic measurement apparatus according to the first
aspect of the invention, wherein, assuming that the tissue
conditions are that the blood vessel branches into a plurality
of branch blood vessels, the detection unit detects a branch
point at which the blood vessel branches into the plurality of
branch blood vessels.

[0012] According to the second aspect of the invention,
since the tissue conditions can be a branch point that is easily
detected by the ultrasonic wave, it is possible to improve the
positioning accuracy.

[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 movement detec-
tion unit calculates a moving distance by comparing the mea-
surement data in time series, and detects an arrival at the
predetermined position when the moving distance from
detection of the detection unit has amounted to a predeter-
mined distance.

[0014] According to the third aspect of the invention, it is
possible to calculate the moving distance using the measure-
ment data based on the ultrasonic wave. Therefore, it is not
necessary to provide a separate measurement unit for calcu-
lating the moving distance.

[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 detection
unit detects the part based on the measurement data relevant
to a cross section of the blood vessel in a short-axis direction
of the blood vessel, and the movement detection unit detects
an arrival at the predetermined position based on the mea-
surement data relevant to across section of the blood vessel in
a long-axis direction of the blood vessel.

[0016] According to the fourth aspect of the invention, it
becomes easy to detect the tissue conditions of the blood
vessel by measuring the cross section of the blood vessel in
the short-axis direction. In addition, it becomes easy to detect
movement by measuring the cross section of the blood vessel
in the long-axis direction. According to the fourth aspect of
the invention, both can be used.

[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 notification unit that notifies that detection has been made
by the movement detection unit.

[0018] According to the fifth aspect of the invention, it is
possible to notify the operator of an arrival at the predeter-
mined position.

[0019] When the invention is applied to carotid artery mea-
surement, it is preferable that the ultrasonic measurement
apparatus according to any one of the first to fifth aspects of
the invention is configured, as a sixth aspect of the invention,
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such that the blood vessel is a carotid artery and the detection
unit detects a branch point of an internal carotid artery and an
external carotid artery.

[0020] A seventh aspect of the invention is directed to an
ultrasonic measurement method including: acquiring mea-
surement data, which is obtained by measuring a cross section
of a body with an ultrasonic wave, based on a received signal
of an ultrasonic wave transmission and reception unit for
transmitting and receiving an ultrasonic wave to and from a
blood vessel through a surface of the body, the blood vessel
having a part satisfying predetermined tissue conditions;
detecting the part based on the measurement data; and detect-
ing that the ultrasonic wave transmission and reception unit
has moved on the surface of the body along a longitudinal
direction of the blood vessel and has reached a predetermined
position for performing predetermined vascular function
measurement, from the detection of the part, based on the
measurement data.

[0021] According to the seventh aspect of the invention, it is
possible to achieve the same effects as in the first aspect of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0023] FIG. 1 is a diagram showing an example of the
system configuration of a biological information measuring
apparatus.

[0024] FIG.2 isa diagram for explaining the outline until a
predetermined position for performing vascular function
measurement (measurement target position) is detected.
[0025] FIG. 3 a diagram for explaining a method of detect-
ing the branch point.

[0026] FIG.4isa diagram for explaining the calculation of
the moving distance of the ultrasonic probe along the blood
vessel from the detection timing of the branch point.

[0027] FIG. 5is a diagram for explaining the principle of
calculating the moving distance of the ultrasonic probe.
[0028] FIG. 6is a block diagram showing an example of the
functional configuration of an ultrasonic measurement appa-
ratus.

[0029] FIG. 7 is a diagram showing an example of a pro-
gram or data stored in a storage unit.

[0030] FIG. 8is a flowchart for explaining the operation up
to vascular function measurement.

[0031] FIG.9is a flowchart for explaining the operation up
to vascular function measurement suitable for the configura-
tion using an ultrasonic probe in which ultrasonic transducers
are arrayed in one row.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0032] 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 biologi-
cal information of a subject 2 by measuring the reflected
waves of ultrasonic waves. In the present embodiment, vas-
cular function information, such as the intima media thick-
ness (IMT) of a carotid artery 3, is measured as a piece of
biological information. Needless to say, it is also possible to
measure other vascular function information, such as a blood
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vessel diameter or blood pressure estimated from the blood
vessel diameter, in addition to the IMT.

[0033] 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 is possible.
[0034] 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, including ultrasonic measurement, by executing a con-
trol program stored in the storage medium 33 with the CPU 32
or the like.

[0035] 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 tissue in
the body of the subject 2 and receives the reflected wave.
Then, by performing amplification and signal processing on a
received signal of the reflected wave, it is possible to generate
reflected wave data relevant to a structure in the body of the
subject 2. Images of respective modes of a so-called A mode,
B mode, M mode, and color Doppler are included in the
reflected wave data. Measurement using an ultrasonic wave is
repeatedly performed at predetermined periods. The mea-
surement unit is referred to as a “frame”.

[0036] 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
tracks each region of interest between different frames and
calculates the displacement.

[0037] FIG. 2is a diagram for explaining the outline until a
predetermined position for performing vascular function
measurement (hereinafter, referred to as a “measurement tar-
get position™) is detected.

[0038] In the measurement, the subject 2 lies down on the
bed with the left side of the neck (or the right side of the neck)
upward.

[0039] The ultrasonic probe 16 of the present embodiment
is of a type in which ultrasonic transducers are arrayed in a
two-dimensional manner in the long side direction and the
short side direction of an ultrasonic wave transmitting and
receiving surface 18. The operator places the ultrasonic probe
16 at a position near the head in a relative posture in which the
long side of the ultrasonic wave transmitting and receiving
surface 18 traverses the short-axis direction of the carotid
artery 3. Then, when the measurement is started, the operator
moves the ultrasonic probe 16 slowly to the torso side along
the carotid artery 3 while maintaining the posture.

[0040] When the operation for starting the measurement is
detected, the ultrasonic measurement apparatus 10 starts
ultrasonic measurement of the vascular short-axis cross sec-
tion of the carotid artery 3 using ultrasonic transducers in a
row in the long side direction (in the example shown in FIG.
2, a left and right direction of FIG. 2), among the ultrasonic
transducers arrayed in a two-dimensional manner, and ana-
lyzes a received signal of the reflected wave for each mea-
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surement frame to detect a branch point 4 (vascular structural
part satisfving predetermined tissue conditions) at which
branching from the common carotid artery to an internal
carotid artery 3a and an external carotid artery 35 occurs
(detection process).

[0041] Then, when the branch point 4 is detected, a moving
distance from the branch point 4 of the ultrasonic probe 16 is
calculated by comparing measurement data relevant to the
cross section of the carotid artery 3 in the long-axis direction
in time series using ultrasonic transducers in a column in the
short side direction (in the example shown in FIG. 2, an up
and down direction of FIG. 2), among the ultrasonic trans-
ducers arrayed in a two-dimensional manner from the branch
point 4, and it is detected that the moving distance has
amounted to a predetermined distance L (distance measuring
process). Then, the ultrasonic measurement apparatus 10 per-
forms predetermined notification ata place where the moving
distance has amounted to the predetermined distance L (noti-
fication process).

[0042] The operator becomes aware that the ultrasonic
probe has reached the measurement target position by the
notification, and stops the movement of the ultrasonic probe
16. When an operation input for starting the measurement of
predetermined vascular function information is detected (or
when it is measured that a predetermined amount of time has
passed from the notification information), the ultrasonic mea-
surement apparatus 10 starts the measurement of the vascular
function information with the ultrasonic probe 16.

[0043] FIG. 3is diagram for explaining a method of detect-
ing the branch point 4.

[0044] The branch point 4 is detected by a change in the
number of blood vessels detected in the measurement range
of the ultrasonic probe 16. In A-mode data 40 of an ultrasonic
transducer row 20 to measure the vascular short-axis cross
section, relatively high signal strength is obtained in a low
depth region and a vessel wall, and an intravascular lumen
equivalent portion 44 having extremely low signal strength
that is specific to the intravascular lumen is present between
the peaks of the signal strength that are generated by the
reflected wave due to the vessel wall. In the present embodi-
ment, for each measurement rate, 1) peaks at which the signal
strength is equal to or greater than a predetermined reference
value are extracted for each ultrasonic transducer, 2) a pair is
made using the extracted peaks, 3) the number of pairs of
peaks having an appropriate gap as the carotid artery 3 and
having the intravascular lumen equivalent portion 44, in
which the average value of the signal strength between the
peaks of the pair is equal to or less than a reference value
Plow, is counted as the number of blood vessels, and 4) it is
determined that the branch point 4 has been detected when the
counted number becomes 1 from 2. The branch point 4 is
detected while moving the ultrasonic transducer row 20 from
the position of the thick dashed line on the upper side to the
position of the thick dashed line on the lower side in FIG. 3.
A specific example of the A-mode data 40 at the position of
the thick dashed line on the lower side is shown in FIG. 3.
Here, the number of peak pairs is “1”. Accordingly, the intra-
vascular lumen equivalent portion 44 is “1”. That is, the
number of blood vessels is “1”. In addition, the intravascular
lumen equivalent portion 44 may be detected instead of
detecting the pair of peaks.

[0045] When the position of the ultrasonic transducer row
20 is a position shown in FIG. 3, the internal carotid artery 3a
and the external carotid artery 3b are included in the measure-
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ment range of the ultrasonic transducer row 20. When viewed
from the ultrasonic probe 16, the number of intravascular
lumen equivalent portions 44 that may be detected regardless
of whether the internal carotid artery 3¢ and the external
carotid artery 35 overlap each other or are located side by side
in the depth direction, that is, the number of pairs of peaks (the
number of detected blood vessels) is “2”. As indicated by a
thick black arrow, when the ultrasonic probe 16 is moved in
the torso direction of the subject 2 and the ultrasonic trans-
ducer row 20 finally reaches the branch point 4 of the carotid
artery, the number of intravascular lumen equivalent portions
44, that is, the number of pairs of peaks (the number of
detected blood vessels) becomes “1”, and accordingly, the
branch point 4 is detected.

[0046] FIG. 4is a diagram for explaining the calculation of
the moving distance of the ultrasonic probe 16 along the
blood vessel from the detection timing of the branch point 4.

[0047] When the branch point 4 is detected, the ultrasonic
measurement apparatus 10 extracts an ultrasonic transducer
having the longest intravascular lumen equivalent portion 44,
as a transducer immediately above a blood vessel, from the
measurement data of each transducer of the ultrasonic trans-
ducer row 20. Then, ultrasonic measurement is started with
ultrasonic transducers in an ultrasonic transducer column 22
that crosses the ultrasonic transducer row 20 so as to include
the transducer immediately above a blood vessel, and a
B-mode image 46 is generated for each measurement frame.
The size (length in a direction along the skin surface) of the
B-mode image 46 generated by one frame depends on the
number of ultrasonic transducers in the short side direction
among the ultrasonic transducers arrayed in a two-dimen-
sional manner. In the example shown in FIG. 4, this is a region
of a white dashed rectangle.

[0048] Then, as shown in FIG. 5, the ultrasonic measure-
ment apparatus 10 extracts a feature point (center position of
the dashed circle in FIG. 5) in each of the newly generated
B-mode image 465 and the B-mode image 46a generated by
the last frame, and performs feature point matching estima-
tion between the two B-mode images. FIG. 5 shows the
correspondence relationship estimated by the arrow. In the
example shown in FIG. 5, matching of three points is per-
formed. 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.

[0049] Then, if the matching of feature points is possible,
the ultrasonic measurement apparatus 10 calculates displace-
ment vectors V1, V2, and V3 between two B-mode images for
each matched feature point, and calculates the average
amount of displacement AXave in a vascular longitudinal
direction (X-axis direction in the B-mode image coordinate
system). The average amount of displacement AXave is cal-
culated for each frame and is integrated after the branch point
4 is detected. Then, the integrated value of displacement
2AXave is multiplied by a known constant k for conversion
into the actual distance (millimeters) corresponding to the
number of pixels of the B-mode image, and the result is set as
a moving distance of the ultrasonic probe 16 after the branch
point 4 is detected. Then, at a place where the moving distance
has amounted to the predetermined distance L (refer to FIG.
2), the ultrasonic measurement apparatus 10 performs prede-
termined notification, and starts the measurement of the vas-
cular function information.
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Description of Functional Configuration

[0050] Next, the functional configuration for realizing the
present embodiment will be described.

[0051] FIG. 6is a block diagram showing an example of the
functional configuration of the ultrasonic measurement appa-
ratus 10 in the present embodiment. The ultrasonic measure-
ment apparatus 10 includes an operation input unit 100, an
ultrasonic wave transmission and reception unit 102, a pro-
cessing unit 200, an image display unit 300, and a storage unit
500.

[0052] The operation input unit 100 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 100 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 100.

[0053] Theultrasonic wave transmission and reception unit
102 transmits an ultrasonic wave with a pulse voltage output
from the processing unit 200. Then, the ultrasonic wave trans-
mission and reception unit 102 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 102.

[0054] The processing unit 200 is realized by a micropro-
cessor, such as a CPU or a 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 biologi-
cal information of the subject 2 by performing various kinds
of arithmetic processing based on a predetermined program
or data, the operation input signal from the operation input
unit 100, the reflected wave signal from the ultrasonic wave
transmission and reception unit 102, or the like. The process-
ing device 30 and the control board 31 shown in FIG. 1
correspond to the processing unit 200.

[0055] In the present embodiment, the processing unit 200
includes an ultrasonic measurement control unit 202, a
branch point detection unit 220, a movement detection unit
230, a notification control unit 240, a vascular function mea-
surement control unit 242, and an image generation unit 260.
[0056] The ultrasonic measurement control unit 202 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 202 includes a driving
control section 204, a transmission and reception control
section 206, areception combination section 208, and a track-
ing section 210, and performs overall control of ultrasonic
measurement. The ultrasonic measurement control unit 202
can be realized by known techniques.

[0057] The driving control section 204 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 206.

[0058] The transmission and reception control section 206
generates a pulse voltage according to the transmission con-
trol signal from the driving control section 204, and outputs
the pulse voltage to the ultrasonic wave transmission and
reception unit 102. 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-
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tion, it is possible to perform amplification or filtering of the
reflected wave signal output from the ultrasonic wave trans-
mission and reception unit 102 and to output the result to the
reception combination section 208.

[0059] The reception combination section 208 performs
processing relevant to the so-called focus of a received signal
by performing delay processing as necessary, thereby gener-
ating reflected wave data.

[0060] The tracking section 210 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.
[0061] The branch point detection unit 220 performs con-
trol relevant to the detection process for detecting a blood
vessel part (in the present embodiment, the branch point 4)
satisfying the predetermined tissue conditions.

[0062] The movement detection unit 230 performs control
relevant to the distance measuring process for detecting that
the ultrasonic wave transmission and reception unit 102 has
moved on the skin surface along the longitudinal direction of
the blood vessel and has reached a predetermined position for
performing predetermined vascular function measurement,
from the detection of the branch point detection unit 220.
[0063] Specifically, the movement detection unit 230
includes a feature point extraction section 232 that extracts a
feature point from the B-mode image for each measurement
frame, a feature point matching estimation section 234 that
performs feature point matching between frames, and a mov-
ing distance calculation section 236 that calculates and inte-
grates a moving distance between the frames of matched
feature points.

[0064] The notification control unit 240 performs control
for notifying that the detection has been made by the move-
ment detection unit 230. In the present embodiment, a prede-
termined information image is displayed on the image display
unit 300.

[0065] Thevascular function measurement control unit 242
performs control relevant to the measurement of predeter-
mined vascular function information and control to store the
measurement result in the storage unit 500 and display the
measurement result on the image display unit 300.

[0066] The image generation unit 260 generates an image
for displaying a measurement result or various operation
screens required for ultrasonic measurement or biological
information measurement, and outputs the image to the image
display unit 300.

[0067] The image display unit 300 displays image data
input from the image generation unit 260. The touch panel 12
shown in FIG. 1 corresponds to the image display unit 300.
[0068] The storage unit 500 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
500. In addition, the connection between the processing unit
200 and the storage unit 500 is not limited to a connection
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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
500 may be realized by using an external storage device
separate from the ultrasonic measurement apparatus 10.
[0069] Inaddition,as shownin FIG. 7, the storage unit 500
stores a control program 501, an A-mode data set 510, the
number of detected blood vessels 518, a B-mode data set 530,
a displacement vector 540, an average displacement amount
542, a displacement integrated value 544, a moving distance
546, and vascular function measurement data 548. Needless
to say, frame identification information, various flags, counter
values for time checking, and the like other than those
described above can also be appropriately stored.

[0070] The control program 501 causes the processing unit
200 to realize the functions of the ultrasonic measurement
control unit 202, the branch point detection unit 220, the
movement detection unit 230, the notification control unit
240, the vascular function measurement control unit 242, the
image generation unit 260, and the like. 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.

[0071] TheA-mode data set 510 is generated for each ultra-
sonic transducer in the ultrasonic transducer row 20 (refer to
FIG. 3) that is used for the measurement in the branch point
detection process. One A-mode data set 510 includes a trans-
ducer ID 512, a frame ID 514, and A-mode data 516 (depth-
signal strength data). Needless to say, data other than these
can also be appropriately stored.

[0072] The number of detected blood vessels 518 is the
number of blood vessels present in the measurement range of
the ultrasonic transducer row 20 (refer to FIG. 3) in the branch
point detection process.

[0073] TheB-mode data set 530 is generated for each ultra-
sonic transducer in the ultrasonic transducer column 22 (refer
to FIG. 4) that is used for the measurement in the distance
measurement process. One B-mode data set 530 includes a
frame 1D 532, B-mode image data 534, and a feature point
coordinates list 536. Needless to say, data other than these can
also be appropriately stored.

Description of the Flow of the Process

[0074] FIG. 8is a flowchart for explaining the operation up
to vascular function measurement. This is realized by the
execution of the control program 501 by the processing unit
200.

[0075] First, the processing unit 200 displays the predeter-
mined operation guide of the ultrasonic probe 16 on the touch
panel 12 (step S2). That is, the operator is prompted to pet-
form an operation of placing the ultrasonic probe 16 at a
position on the carotid artery 3 near the head in a relative
posture, in which the vascular longitudinal direction and the
longitudinal direction of the ultrasonic wave transmitting and
receiving surface 18 of the ultrasonic probe 16 are perpen-
dicular to each other, and of sliding the ultrasonic probe 16 on
the skin face slowly in the torso direction along the carotid
artery 3 while maintaining the posture.

[0076] Then, the processing unit 200 performs a step rel-
evant to the process of detecting the branch point 4.

[0077] That is, A-mode measurement using the ultrasonic
transducer row 20 of a predetermined long side direction row
is started (step S4). Then, a blood vessel portion (a pair of
peaks or the intravascular lumen equivalent portion 44) is
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detected by analyzing the A-mode data 516, and the number
of blood vessel portions is stored in the number of detected
blood vessels 518 (step S6).

[0078] Ifthe numberofdetected blood vessels 518 changes
to “1” (YES in step S10), the processing unit 200 determines
that the ultrasonic probe has reached the branch point 4, and
starts processing relevant to the distance measurement pro-
cess.

[0079] That is, B-mode measurement using the ultrasonic
transducer column 22 (refer to FIG. 4) along the longitudinal
direction of the blood vessel including the transducer imme-
diately above a blood vessel is started (step S20), and the
generation of a time-axis panorama composite image of the
obtained B-mode image is started (step S22). Then, a feature
point setting process is performed for each frame (step S30),
and feature point matching estimation between frames is
performed (step S32).

[0080] Then, the displacement vector 540 (refer to FIGS. 5
and 7) between frames is calculated for each matched feature
point, and the average displacement amount 542, the dis-
placement integrated value 544, and the moving distance 546
are sequentially updated (step S34).

[0081] Then, when it is detected that the moving distance
546 has amounted to the predetermined distance L (YES in
step S36), the processing unit 200 perform predetermined
notification control (step S38: notification process). The
operator becomes aware that the ultrasonic probe 16 has
reached the measurement target position by the notification,
and stops the movement of the ultrasonic probe 16.

[0082] When an operation input for starting the measure-
ment of predetermined vascular function information is
detected (or when it is measured that a predetermined amount
of time has passed from the notification information), the
processing unit 200 starts the measurement of the vascular
function information with the ultrasonic probe 16 and per-
forms recording and display of the measurement result (step
S40).

[0083] As described above, according to the present
embodiment, it is possible to easily realize steady and accu-
rate positioning for the blood vessel to be subjected to ultra-
sonic measurement.

Modification Examples

[0084] In addition, embodiments of the invention are not
limited to the embodiment described above, and constituent
components can be appropriately added, omitted, and
changed.

[0085] For example, although the ultrasonic transducers of
the ultrasonic probe 16 are arrayed in a two-dimensional
manner in the embodiment described above, the arrangement
of the ultrasonic transducers of the ultrasonic probe 16 is not
limited thereto. For example, it is also possible to adopt an
H-type arrangement in which three rows of ultrasonic trans-
ducers are combined or a T-type arrangement in which two
rows of ultrasonic transducers are combined. For example, in
the case of the H-type arrangement, it is preferable to use one
of the two vertical rows in the H-type arrangement for detec-
tion of the branch point 4 and to use one horizontal row in the
distance measurement process. The opposite is also possible.
In the case of the T-type arrangement, it is preferable to use a
certain one row for detection of the branch point 4 and to use
the other row in the distance measurement process.

[0086] In addition, ultrasonic transducers may be arrayed
in one row. In this case, as shownin FIG. 9, instead of step S2,
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an operation guide prompting the operator to make the ultra-
sonic transducer row cross (preferably, be perpendicular to)
the longitudinal direction of the blood vessel is displayed
(step S3).
[0087] Before step S20, the movement of the ultrasonic
probe 16 is stopped, and the posture is changed so that the
direction of the ultrasonic probe 16 is changed by 90° at the
location. Accordingly, the row of ultrasonic transducers is
arrayed in a direction along the longitudinal direction of the
carotid artery 3. Then, a guide prompting the operator to move
the ultrasonic probe 16 so as to be slowly moved in the torso
direction of the subject 2 while maintaining the posture is
displayed (step S18). Then, it is preferable to perform the
process from step S20 after the posture of the ultrasonic probe
16 is actually changed and a predetermined operation input
indicating that the posture change has been completed is
made.
[0088] In the embodiment described above, the carotid
artery has been mentioned as an example of the measurement
target. However, the embodiment can apply to, in addition to
the carotid artery, other blood vessels having a branch point
(satisfying tissue conditions), such as the subclavian artery, as
measurement targets.
[0089] Theentire disclosure of Japanese Patent Application
No. 2014-031418, filed on Feb. 21, 2014 is expressly incor-
porated by reference herein.
What is claimed is:
1. An ultrasonic measurement apparatus, comprising:
an ultrasonic wave transmission and reception unit that
transmits and receives an ultrasonic wave to and from a
blood vessel;
an acquisition unit that acquires measurement data, which
is obtained by measuring the blood vessel with an ultra-
sonic wave, based on a received signal of the ultrasonic
wave transmission and reception unit;
a detection unit that detects the blood vessel based on the
measurement data; and
a movement detection unit that detects an arrival at a pre-
determined position by movement along the blood ves-
sel based on the measurement data, the predetermined
position being a position for performing vascular func-
tion measurement of the blood vessel.
2. The ultrasonic measurement apparatus according to
claim 1,
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wherein the detection unit detects a branch point at which
the blood vessel branches into branch blood vessels.
3. The ultrasonic measurement apparatus according to
claim 1,
wherein the movement detection unit calculates a moving
distance by comparing the measurement data in time
series, and detects an arrival at the predetermined posi-
tion when the moving distance from detection of the
detection unit has amounted to a predetermined dis-
tance.
4. The ultrasonic measurement apparatus according to
claim 1,
wherein the detection unit detects the blood vessel based on
the measurement data relevant to a cross section of the
blood vessel in a short-axis direction of the blood vessel,
and
the movement detection unit detects an arrival at the pre-
determined position based on the measurement data rel-
evant to a cross section of the blood vessel in a long-axis
direction of the blood vessel.
5. The ultrasonic measurement apparatus according to
claim 1, further comprising;
anotification unit that notifies that detection has been made
by the movement detection unit.
6. The ultrasonic measurement apparatus according to
claim1,
wherein the blood vessel is a carotid artery, and
the detection unit detects a branch point of an internal
carotid artery and an external carotid artery.
7. An ultrasonic measurement method, comprising:
acquiring measurement data, which is obtained by measur-
ing a blood vessel with an ultrasonic wave, based on a
received signal of an ultrasonic wave transmission and
reception unit for transmitting and receiving an ultra-
sonic wave to and from the blood vessel;
detecting the blood vessel based on the measurement data;
and
detecting an arrival at a predetermined position by move-
ment of the ultrasonic wave transmission and reception
unit along the blood vessel based on the measurement
data, the predetermined position being a position for
performing vascular function measurement of the blood
vessel.
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