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ULTRASONIC MEASURING APPARATUS
AND ULTRASONIC MEASURING METHOD

CROSS-REFERENCE

[0001] Theentire disclosure of Japanese Patent Application
No. 2014-075750 filed on Apr. 1, 2014, No. 2014-257683
filed on Dec. 19, 2014, and No. 2014-078320 filed on Apr. 7,
2014 are expressly incorporated by reference herein.

BACKGROUND 1. Technical Field

[0002] The present invention relates to an ultrasonic mea-
suring apparatus that detects a vessel position using ultra-
sonic wave. 2. Related Art

[0003] As anexample of a measurement of biological infor-
mation using ultrasonic wave, evaluations of blood vessel
functions including determination of a vascular disease are
performed. For example, a measurement of blood pressure
(fluctuations in vessel diameter), a measurement of IMT (In-
tima Media Thickness) of a carotid artery as an index of
arteriosclerosis, an evaluation of hardness of a vessel wall,
etc. are representative examples. In the measurements, first, a
position of a vessel within a body tissue is measured.

[0004] As a specific technology of locating the vessel posi-
tion, JP-A-2009-66268 discloses a technology of estimating
and modeling a position and a shape of a carotid artery based
on B-mode images as section images in the short-axis direc-
tion of the carotid artery. In the technology, with attention
focused on movements of the artery due to heart beats, gen-
eration and optimization of an evaluation function of a model,
and estimation and modeling of the position and the shape of
the carotid artery of the next frame are repeated with respect
to each frame.

[0005] In the technology disclosed in the above described
JP-A-2009-66268, generation and optimization of the evalu-
ation function and modeling are repeatedly performed for
each frame, and there is a problem that calculation processing
with respect to the measurement is complex and the amount
of calculation increases. Further, for evaluation of the hard-
ness of the carotid artery vessel wall, it is necessary to detect
the position of the long axis of the vessel. Accordingly, it is
important to detect the position of the vessel not only in the
section images in the short-axis direction of the vessel but
also in section images in the long-axis direction.

SUMMARY

[0006] A firstaspect of the invention relates to an ultrasonic
measuring apparatus including an ultrasonic measurement
unit that transmits and receives ultrasonic wave with respect
to a vessel and acquires an ultrasonic image containing a
section in a short-axis direction of the vessel, a feature point
extraction unit that extracts feature points from the ultrasonic
image, a combination selection unit that selects a combina-
tion of feature points in which positions of the feature points
have alocation relationship along a section shape of the vessel
in the short-axis direction, and a position determination unit
that determines a position of the vessel using the combina-
tion.

[0007] A second aspect of the invention relates to an ultra-
sonic measuring apparatus including an ultrasonic measure-
ment unit that transmits and receives ultrasonic wave with
respect to a vessel and acquires an ultrasonic image contain-
ing a section in a long-axis direction of the vessel, a feature
point extraction unit that extracts feature points from the

Oct. 1, 2015

ultrasonic image, a combination selection unit that selects a
combination of feature points in which positions of the fea-
ture points have a location relationship along a section shape
of the vessel in the long-axis direction, and a position deter-
mination unit that determines a position of the vessel using
the combination.

[0008] A third aspect of the invention relates to an ultra-
sonic measuring method of determining a vessel position
from an ultrasonic image containing a section of a vessel in a
short-axis direction or a long-axis direction using a computer,
including extracting feature points from the ultrasonic image,
selecting a combination of feature points in which positions
of the feature points have a location relationship along a
section shape of the vessel in the short-axis direction or the
long-axis direction, and determining a position of the vessel
using the combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0010] FIG. 1isa system configuration diagram ofan ultra-
sonic measuring apparatus in the first embodiment.

[0011] FIG. 2 is an explanatory diagram of detection of
feature points in an ultrasonic image in the first embodiment.
[0012] FIG. 3 is an explanatory diagram of generation of a
set of feature points in the first embodiment.

[0013] FIG. 4 is an explanatory diagram of an evaluation
with respect to a first evaluation item in the first embodiment.
[0014] FIG. 5 is an explanatory diagram of an evaluation
with respect to a second evaluation item in the first embodi-
ment.

[0015] FIG. 6 is an explanatory diagram of an evaluation
withrespect to a third evaluation item in the first embodiment.

[0016] FIG. 7 shows an example of A-mode data in the first
embodiment.
[0017] FIG. 8 is an explanatory diagram of an evaluation

with respect to a fourth evaluation item in the first embodi-
ment.

[0018] FIG. 9 is an explanatory diagram of an evaluation
with respect to a fifth evaluation item in the first embodiment.
[0019] FIG. 10 is a functional configuration diagram of the
ultrasonic measuring apparatus in the first embodiment.
[0020] FIG. 11 is aconfiguration diagram of a memory unit
of the ultrasonic measuring apparatus in the first embodiment.
[0021] FIG. 12 is a flowchart of ultrasonic measurement
processing in the first embodiment.

[0022] FIG. 13 shows a configuration example of a process-
ing unit of an ultrasonic measuring apparatus in the second
embodiment.

[0023] FIG. 14 shows a configuration example of amemory
unit of the ultrasonic measuring apparatus in the second
embodiment.

[0024] FIG. 15 is a flowchart showing a flow of vessel
position determination processing in the second embodiment.
[0025] FIG. 16 is a flowchart showing a flow of anterior-
posterior wall detection processing in the second embodi-
ment.

[0026] FIGS. 17A to 17C are diagrams for explanation of
the anterior-posterior wall detection processing in the second
embodiment.

[0027] FIGS. 18A and 18B are diagrams for explanation of
adventitia candidate point extraction processing in the second
embodiment.
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[0028] FIGS.19A and 19B are diagrams for explanation of
intima candidate point extraction processing in the second
embodiment.

[0029] FIG. 20 is a flowchart showing a flow of center
scanning line determination processing in the second
embodiment.

[0030] FIG. 21 is a flowchart showing a flow of vessel
position decision processing in the second embodiment.
[0031] FIGS. 22A to 22C are diagrams for explanation of a
modified example of the adventitia candidate point extraction
processing and the intima candidate point extraction process-
ing in the second embodiment.

[0032] FIGS. 23A and 23B are diagrams for explanation of
amodified example of the center scanning line determination
processing in the second embodiment.

[0033] FIG. 24 is a system configuration diagram of an
ultrasonic measuring apparatus in the third embodiment.
[0034] FIG. 25 is an explanatory diagram of detection of
feature points in an ultrasonic image in the third embodiment.
[0035] FIG. 26 is an explanatory diagram of generation of
a set of feature points in the third embodiment.

[0036] FIG. 27 is an explanatory diagram of an evaluation
with respect to a first evaluation item in the third embodiment.
[0037] FIG. 28 is an explanatory diagram of an evaluation
with respect to a second evaluation item in the third embodi-
ment.

[0038] FIG. 29 is an explanatory diagram of an evaluation
with respect to a third evaluation item in the third embodi-
ment.

[0039] FIG. 30 shows an example of A-mode data in the
third embodiment.

[0040] FIG. 31 is an explanatory diagram of an evaluation
with respect to a fourth evaluation item in the third embodi-
ment.

[0041] FIG. 32 is an explanatory diagram of an evaluation
with respect to a fifth evaluation item in the third embodi-
ment.

[0042] FIG. 33 is a functional configuration diagram of the
ultrasonic measuring apparatus in the third embodiment.
[0043] FIG. 34 is aconfiguration diagram of a memory unit
of the ultrasonic measuring apparatus in the third embodi-
ment.

[0044] FIG. 35 is a flowchart of ultrasonic measurement
processing in the third embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0045] According to the invention, a new technology of
detecting a position of a vessel as an object of an ultrasonic
measurement can be proposed.

[0046] An embodiment relates to an ultrasonic measuring
apparatus including an ultrasonic measurement unit that
transmits and receives ultrasonic wave with respect to a vessel
and acquires an ultrasonic image containing a section in a
short-axis direction of the vessel, a feature point extraction
unit that extracts feature points from the ultrasonic image, a
combination selection unit that selects a combination of fea-
ture points in which positions of the feature points have a
location relationship along a section shape of the vessel in the
short-axis direction, and a position determination unit that
determines a position of the vessel using the combination.
[0047] Further, an embodiment relates to an ultrasonic
measuring method of determining a vessel position from an
ultrasonic image containing a section of a vessel in a short-
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axis direction using a computer, including extracting feature
points from the ultrasonic image, selecting a combination of
feature points in which positions of the feature points have a
location relationship along a section shape of the vessel in the
short-axis direction, and determining a position of the vessel
using the combination.

[0048] According to the configurations, the combination of
feature points in which the positions of the feature points in
the ultrasonic image have the location relationship along the
section shape of the vessel in the short-axis direction is
selected and the position of the vessel is determined using the
selected combination. There is a characteristic that many
feature points appear along the contour of the section shape of
the vessel in the ultrasonic image containing the section of the
vessel in the short-axis direction. Thereby, a new technology
of detecting the position of the vessel from the location rela-
tionship of the positions of the feature points in the ultrasonic
image may be realized.

[0049] In the embodiment, the ultrasonic measuring appa-
ratus wherein a contour position of a shape corresponding to
the section of the vessel in the short-axis direction is esti-
mated based on the location relationship with respect to the
combination, probabilities of the contour position represent-
ing a position of a vessel wall of the vessel is calculated based
on the contour position and the feature points, and thereby, the
position of the vessel is determined may be formed.

[0050] According to the configuration, the contour position
of the shape corresponding to the section of the vessel in the
short-axis direction is estimated based on the location rela-
tionship of the positions of the feature points with respect to
the combination, and the position of the vessel is determined
using the probabilities of the contour position representing
the position of the vessel wall. For example, attention is
focused on many feature points appearing in the image part of
the vessel wall in the ultrasonic image, and thereby, the posi-
tion of the vessel wall may be detected.

[0051] In the embodiment, the ultrasonic measuring appa-
ratus wherein a first of the probabilities is calculated using a
number of the feature points located along the contour posi-
tion may be formed.

[0052] According to the configuration, the first probability
of the contour position representing the vessel wall is calcu-
lated using the number of the feature points located along the
estimated contour position. In the ultrasonic image, many
feature points appear in the image part of the vessel wall. The
numbers of feature points in the contour position largely
differ between the cases where the estimated contour position
nearly coincides with the vessel wall and where not. Accord-
ingly, the vessel position may be detected using the number of
feature points in the estimated contour position.

[0053] 1In the embodiment, the ultrasonic measuring appa-
ratus wherein a second of the probabilities is calculated using
position changes of the feature points located along the con-
tour position may be formed.

[0054] According to the configuration, the second prob-
ability of the contour position representing the vessel wall is
calculated using the position changes of the feature points
located along the estimated contour position. The vessel peri-
odically repeats dilatation and constriction with beats and the
positions of the feature points located on the vessel wall
periodically change in synchronization with those, however,
other body tissues than the vessel hardly move. That is, the
position changes of the feature points with respect to the
combinations largely differ between the cases where the esti-
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mated contour position nearly coincides with the vessel wall
and where not. Accordingly, the vessel position may be detet-
mined using the position changes of the feature points.
[0055] In the embodiment, the ultrasonic measuring appa-
ratus wherein a third of the probabilities is calculated using
luminance of the feature points located along the contour
position may be formed.

[0056] According to the configuration, the third probability
of the contour position representing the vessel wall is calcu-
lated using the luminance of the feature points located along
the estimated contour position. The reflectance of ultrasonic
wave is higher on the vessel wall, and the luminance in the
position of the vessel wall is higher in the ultrasonic image.
Accordingly, the luminance of the feature points with respect
to the combinations largely differs between the cases where
the estimated contour position nearly coincides with the ves-
sel wall and where not. Therefore, the vessel position may be
determined using the luminance of the feature points.
[0057] In the embodiment, the ultrasonic measuring appa-
ratus wherein a fourth of the probabilities is calculated using
a number of the feature points located inside the contour
position may be formed.

[0058] According to the configuration, the fourth probabil-
ity of the contour position representing the vessel wall is
calculated using the number of feature points located inside
the estimated contour position. The reflectance of ultrasonic
wave is extremely lower inside the vessel, and the feature
points hardly appear inside the vessel. Accordingly, the vessel
position may be determined using the number of feature
points located inside the estimated contour position.

[0059] In the embodiment, the ultrasonic measuring appa-
ratus wherein a fifth of the probabilities is calculated by
comparison between a predetermined feature image that may
be contained outside the vessel and an external image part of
the contour position of the ultrasonic image may be formed.
[0060] According to the configuration, the fifth probability
of the contour position representing the vessel wall is calcu-
lated by comparison between the external image part of the
estimated contour position in the ultrasonic image and the
predetermined feature image that may be contained outside
the vessel.

[0061] In the embodiment, the ultrasonic measuring appa-
ratus wherein the position determination unit determines a
scanning line passing through a center of the vessel of a
plurality of scanning lines with respect to transmission and
reception of the ultrasonic wave using the combination may
be formed.

[0062] According to the configuration, the scanning line
passing through the center of the vessel maybe determined
from the plurality of scanning lines with respect to transmis-
sion and reception of the ultrasonic wave using the selected
combination of feature points.

[0063] In the embodiment, the ultrasonic measuring appa-
ratus wherein the combination selection unit selects the com-
bination of feature points in terms of scanning lines may be
formed.

[0064] According to the configuration, the combination of
feature points used for determination of the scanning line
passing through the center of the vessel may be selected in
terms of scanning lines.

[0065] In the embodiment, the ultrasonic measuring appa-
ratus wherein the feature point extraction unit extracts adven-
titia positions and lumen-intima boundary positions with
respect to an anterior wall and a posterior wall as feature
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points, and the position determination unit evaluates lumi-
nance of the respective feature points contained in the com-
bination by a predetermined evaluation calculation, and
specifies a scanning line with respect to the combination
receiving a highest evaluation as a scanning line passing
through the center of the vessel may be formed.

[0066] According to the configuration, the combination of
the adventitia positions and the lumen-intima boundary posi-
tions with respect to the anterior wall and the posterior wall of
the vessel may be used, the luminance thereof may be evalu-
ated, and thereby, the scanning line passing through the center
of the vessel may be specified.

[0067] In the embodiment, the ultrasonic measuring appa-
ratus wherein the vessel is an artery may be formed.

[0068] According to the configuration, the position of the
artery may be detected.

[0069] In the embodiment, the ultrasonic measuring appa-
ratus further including a measurement unit that measures a
predetermined vessel function of the vessel detected by the
position determination unit may be formed.

[0070] According to the configuration, a series of process-
ing of automatically finding a vessel and performing a vessel
function measurement on the vessel may be realized.

[0071] Further, an embodiment relates to an ultrasonic
measuring apparatus including an ultrasonic measurement
unit that transmits and receives ultrasonic wave with respect
to a vessel and acquires an ultrasonic image containing a
section in a long-axis direction of the vessel, a feature point
extraction unit that extracts feature points from the ultrasonic
image, a combination selection unit that selects a combina-
tion of feature points in which positions of the feature points
have alocation relationship along a section shape of the vessel
in the long-axis direction, and a position determination umt
that determines a position of the vessel using the combina-
tion.

[0072] Furthermore, an embodiment relates to an ultra-
sonic measuring method of determining a vessel position
from an ultrasonic image containing a section of a vessel ina
long-axis direction using a computer, including extracting
feature points from the ultrasonic image, selecting a combi-
nation of feature points in which positions of the feature
points have a location relationship along a section shape of
the vessel in the long-axis direction, and determining a posi-
tion of the vessel using the combination.

[0073] According to the configurations, the combination of
feature points in which the positions of the feature points in
the ultrasonic image have the location relationship along the
section shape of the vessel in the long-axis direction is
selected and the position of the vessel is determined using the
selected combination. There is a characteristic that many
feature points appear in an image part of a vessel wall in the
ultrasonic image containing the section of the vessel in the
long-axis direction. Thereby, a new technology of detecting
the position of the vessel from the location relationship of the
feature points in the ultrasonic image may be realized. Obvi-
ously, the position of the long axis of the vessel can be
detected from the ultrasonic image containing the section of
the vessel in the long-axis direction.

[0074] In the embodiment, the ultrasonic measuring appa-
ratus wherein a pair of straight lines corresponding to a sec-
tion shape of the vessel in the long-axis direction is set in the
ultrasonic image based on the location relationship with
respect to the combination, probabilities of the pair of straight
lines representing a position of a vessel wall of the vessel are
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calculated based on the pair of straight lines and the feature
points, and the position of the vessel is determined using the
probabilities and the combination may be formed.

[0075] According to the configuration, the pair of straight
lines corresponding to the section shape of the vessel in the
long-axis direction are setin the ultrasonic image based on the
location relationship of the feature points with respect to the
combination, and the position of the vessel wall is determined
using the probabilities of the pair of straight lines represent-
ing the position of the vessel wall and the combination. For
example, attention is focused on many feature points appear-
ing in the image part of the vessel wall in the ultrasonic image,
and thereby, the position of the vessel wall may be detected.

[0076] In the embodiment, the ultrasonic measuring appa-
ratus wherein the calculation of the probabilities includes a
calculation of a first of the probabilities using a number of the
feature points located along the pair of straight lines may be
formed.

[0077] According to the configuration, the first probability
of the pair of straight lines representing the vessel wall is
calculated using the number of the feature points located
along the set pair of straight lines. In the ultrasonic image,
many feature points appear in the image part of the vessel
wall. The numbers of feature points in the position along the
pair of straight lines largely differ between the cases where
the set pair of straight lines nearly coincide with the vessel
wall and where not. Accordingly, the vessel position may be
detected using the number of feature points in the position
along the pair of straight lines.

[0078] In the embodiment, the ultrasonic measuring appa-
ratus wherein the calculation of the probabilities includes a
calculation of a second of the probabilities using position
changes of the feature points located along the pair of straight
lines may be formed.

[0079] According to the configuration, the second prob-
ability of the position of the pair of straight lines representing
the vessel wall is calculated using the position changes of the
feature points located along the set pair of straight lines. The
vessel periodically repeats dilatation and constriction with
beats and the positions of the feature points located on the
vessel wall periodically change in synchronization with
those, however, other body tissues than the vessel hardly
move. That is, the position changes of the feature points with
respect to the combinations largely differ between the cases
where the set pair of straight lines nearly coincide with the
vessel wall and where not. Accordingly, the vessel position
may be detected using the position changes of the feature
points.

[0080] In the embodiment, the ultrasonic measuring appa-
ratus wherein the calculation of the probabilities includes a
calculation of a third of the probabilities using luminance of
the feature points located along the pair of straight lines may
be formed.

[0081] According to the configuration, the third probability
of the position of the pair of straight lines representing the
vessel wall is calculated using the luminance of the feature
points located along the set pair of straight lines. The reflec-
tance of ultrasonic wave is higher on the vessel wall, and the
luminance in the position of the vessel wall is higher in the
ultrasonic image. Accordingly, the luminance of the feature
points with respect to the combinations largely differs
between the cases where the set pair of straight lines nearly
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coincide with the vessel wall and where not. Therefore, the
vessel position maybe detected using the luminance of the
feature points.

[0082] In the embodiment, the ultrasonic measuring appa-
ratus wherein the calculation of the probabilities includes a
calculation of a fourth of the probabilities using a number of
the feature points located between the pair of straight lines
may be formed.

[0083] According to the configuration, as an evaluation
with respect to the combination of feature points, the fourth
probability of the position of the pair of straight lines repre-
senting the vessel wall is calculated using the number of
feature points located between the set pair of straight lines.
Inside the vessel, the reflectance of ultrasonic wave is
extremely low and feature points hardly appear. Accordingly,
the vessel position maybe detected using the number of fea-
ture points located between the estimated pair of straight
lines.

[0084] In the embodiment, the ultrasonic measuring appa-
ratus wherein the calculation of the probabilities includes a
calculation of a fifth of the probabilities by comparison
between a predetermined feature image that may be con-
tained outside the vessel and an external image part of the pair
of straight lines of the ultrasonic image may be formed.
[0085] According to the configuration, the fifth probability
of the position of the pair of straight lines representing the
vessel wall is calculated by comparison between the external
image part of the pair of straight lines in the ultrasonic image
and the predetermined feature image that may be contained
outside the vessel.

[0086] In the embodiment, the ultrasonic measuring appa-
ratus wherein the vessel is an artery may be formed.

[0087] According to the configuration, the position of the
artery may be detected.

[0088] In the embodiment, the ultrasonic measuring appa-
ratus further including a measurement unit that measures a
predetermined vessel function of the vessel detected by the
position determination unit may be formed.

[0089] According to the configuration, a series of process-
ing of automatically finding a vessel and performing a vessel
function measurement on the vessel may be realized.

[0090] As below, some embodiments to which the inven-
tion is applied will be explained. The forms to which the
invention may be applied are not limited to the following
embodiments.

First Embodiment

System Configuration

[0091] FIG. 1 shows a configuration example of an ultra-
sonic measuring apparatus 1010 in the first embodiment. The
ultrasonic measuring apparatus 1010 is an apparatus that
measures biological information of a subject using ultrasonic
wave. In the embodiment, a vessel as a measuring object is a
carotid artery and, as biological information, vessel function
information such as IMT (Intima Media Thickness) is mea-
sured. Obviously, measurements of other vessel function
information such as a measurement of vessel diameter and a
measurement of blood pressure from the vessel diameter may
be performed. Further, the vessel as the measuring object may
be another artery such as a radial artery.

[0092] Theultrasonic measuring apparatus 1010 includes a
touch panel 1012, a keyboard 1014, an ultrasonic probe 1016,
amainbody device 1020. A control board 1022 is mounted on
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the main body device 1020 and connected to the respective
parts of the touch panel 1012, the keyboard 1014, the ultra-
sonic probe 1016, etc. so that signals can be transmitted and
received.

[0093] On the control board 1022, a CPU (Central Process-
ing Unit) 1024, an ASIC (Application Specific Integrated
Circuit), various integrated circuits, a storage medium 1026
ofan IC memory or ahard disk, and a communication IC 1028
that realizes data communication with an external device are
mounted. The main body device 1020 executes control pro-
grams stored in the storage medium 1026 using the CPU 1024
etc., and thereby, realizes various functions including an
ultrasonic measurement according to the embodiment.
[0094] Specifically, the main body device 1020 transmits
and applies an ultrasonic beam toward an in vivo tissue of a
subject 1002 from the ultrasonic probe 1016 and receives
reflected wave. Then, the received signals of the reflected
wave are amplified and signal-processed, and thereby, mea-
surement data on the in vivo structure of the subject 1002 may
be generated. The measurement data contains images of
respective modes of the so-called A-mode, B-mode, M-mode,
and color Doppler. The measurement using ultrasonic wave is
repeatedly executed at a predetermined cycle. The unit of
measurement is referred to as “frame”.

[0095] The ultrasonic probe 1016 includes a plurality of
ultrasonic transducers arranged therein. In the embodiment, a
single row is used, however, a two-dimensional arrangement
configuration including a plurality of rows may be used.
Further, the ultrasonic probe 1016 is fixed to the neck of the
subject 1002 in the opposed position in which ultrasonic wave
from the respective ultrasonic transducers may cross in the
short-axis direction of a carotid artery (vessel) 1004 of the
subject 1002, and the vessel function information is mea-
sured.

Principle

[0096] For measurement of the vessel function informa-
tion, first, detection of a vessel position is performed. Spe-
cifically, as shown in F1G. 2, feature points in a B-mode image
(center positions of dotted circles in FIG. 2) are extracted.
Note that, to facilitate understanding, the reduced number of
feature points is shown in the respective drawings of FIG. 2
and the subsequent drawings, however, actually, more feature
points than those shown in the drawings are extracted. Fur-
ther, in FIG. 2, a contour of the vessel 1004 is clearly shown
by a broken line. The B-mode image shown in FIG. 2 is a
sectional view of the vessel in the short-axis direction, and the
X-axis extends along the living body surface and the Y-axis
extends in the depth direction from theliving body surface. As
shown in FIG. 2, the section shape of the vessel 1004 in the
short-axis direction is a nearly circular shape. Further, in the
B-mode image, many of the feature points appear in parts in
which luminance changes such as muscle, tendons, and fat in
addition to the vessel walls (specifically, an intima-adventitia
boundary and a lumen-intima boundary). The reflectance of
ultrasonic wave is higher in the position where the medium
changes, and the position with higher reflectance is repre-
sented in higher luminance in the B-mode image. Accord-
ingly, the vessel wall, muscle, tendon, fat, etc. are different in
medium from the surrounding tissues and the luminance
changes in the parts, and the parts are extracted as feature
points. One of the characteristics of the embodiment is in
detection of the vessel position using the position relationship
of the feature points.
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[0097] As shown in FIG. 3, three feature points (the center
positions of solid white circles in FIG. 3) are selected from the
extracted feature points in the B-mode image, and a set of
feature points as a combination of the three feature points is
generated. In this regard, the three feature points of the set of
feature points may be randomly selected or selected so that
the distances between one another maybe equal to or less than
apredetermined distance without departing from the location
relationship along the vessel wall.

[0098] Subsequently. with respect to the generated set of
feature points, a circle passing through the respective feature
points is obtained. That is, simultaneous linear equations with
three unknowns are generated by substituting the respective
position coordinates p11(x11, y11), p12(x12, y12), p13(x13,
y13) of the three feature points into a general expression of a
circle given by the formula (1), the simultaneous equations
are solved, and thereby, parameters 1, m, n defining the circle
passing through the three feature points p1l1, pl12, pl13 are
obtained and the contour position of the circle is estimated.

+l 2+(' +m)2_12+mz—4n M
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[0099] Namely, the positions of the three feature points
forming the set of feature points have a location relationship
along the contour of a circle 1050 (dashed-dotted circle in
FIG. 3) as a shape corresponding to the short-axis section of
the vessel. The circle 1050 having the contour position
defined by the three feature points p11, p12, p13 forming the
set of feature points is hereinafter referred to as “assumed
circle 1050”.

[0100] Then, the set of feature points are evaluated on a
criterion as to whether or not the counter of the corresponding
assumed circle 1050 is regarded as the position of the vessel
wall. Specifically, as expressed by the formula (2), evaluation
values hi of the respective plurality of evaluation items are
weighted by a coefficient ai and added, and a comprehensive
evaluation value F is calculated.

F= Z (@ix fi @

[0101] Evaluation values fi of the respective evaluation
items correspond to probabilities (also referred to as “accu-
racy”) of the contour of the assumed circle 1050 located in the
position of the vessel wall. That is, the values are defined to be
larger as the probabilities that the assumed circle 1050 is
regarded as the vessel wall are larger. Further, whether or not
the assumed circle 1050 of the set of feature points is regarded
as the vessel wall is determined using the comprehensive
evaluation value F, and the vessel position is decided. In this
regard, setting of the evaluation items on which importance is
placed for determination may be changed by the weight coef-
ficient ai.

[0102] In the first embodiment, evaluations are made with
respect to five evaluation items (first to fifth evaluation items).
The first evaluation item is “number of feature points located
on contour of assumed circle 1050 of set of feature points”.
FIG. 4 is a diagram for explanation of evaluations with
respect to the first evaluation item in the first embodiment.
The upper side of FIG. 4 shows the schematic locations of the
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assumed circle 1050 and the feature points in the B-mode
image and the lower side of FIG. 4 shows a probability den-
sity function h11(j) of the number of feature points as an
evaluation criterion. The valuable j is the number of feature
points.

[0103] As shown in FIG. 4, the feature points located at the
distances from the contour of the assumed circle 1050 shown
by the dashed-dotted line equal to or less than a predeter-
mined short distance are selected as feature points q on the
contour of the assumed circle 1050. Here, the feature points q
do notinclude the feature points p11, p12, p13 forming the set
of feature points. Then, the probability density obtained from
the probability density function h11(j) based on the number j
of the selected feature points q is used as the evaluation value
11 of the first evaluation item.

[0104] The probability density function h11(j) shown in
FIG. 4 is defined, with respect to many B-mode images con-
taining a vessel desired to be detected (e.g., a carotid artery)
acquired in advance, by counting the numbers of feature
points located on the vessel wall of the vessel. As described
above, many feature points exist in the position of the vessel
wall and there is a tendency that the numbers of the feature
points are concentrated on predetermined numbers as shown
by the probability density function h11(j).

[0105] Thesecondevaluationitem is “displacement veloci-
ties of feature points located on contour of assumed circle
1050 of set of feature points”. The displacement velocity
refers to a position change per unit time and a magnitude of
the velocity (absolute value). FIG. 5 is a diagram for expla-
nation of evaluations with respect to the second evaluation
item in the first embodiment. The upper side of FIG. 5 shows
the schematic locations of the assumed circle 1050 and the
feature points in the B-mode image and the lower side of FIG.
5 shows a probability density function h12(va) of the average
displacement velocity of feature points as an evaluation cri-
terion. The variable va is an average velocity.

[0106] As shown in FIG. 5, the displacement velocities of
the respective feature points q on the contour of the assumed
circle 1050 are obtained, and average velocities va as aver-
ages of the displacement velocities are obtained. For
example, the displacement velocities of the respective feature
points q are obtained by obtaining velocity vectors v of the
feature points q and averaging the magnitudes of the velocity
vectors v over a predetermined period (equal to or more than
one heartbeat of a heartbeat period, about several seconds)
using a gradient method utilizing spatial luminance gradients,
block matching utilizing an image block having a predeter-
mined size and containing the feature points as a template, or
the like. Then, the probability density obtained from the prob-
ability density function hl2(va) in FIG. 5§ based on the
obtained average velocity va is used as an evaluation value
12 of the second evaluation item.

[0107] The probability density function h12(va) shown in
FIG. 5 is defined, with respect to many B-mode images con-
taining a vessel desired to be detected (e.g., a carotid artery)
acquired in advance, by obtaining average velocities of the
respective feature points located on the vessel wall of the
vessel. The vessel repeats generally isotropic constriction and
dilatation according to the beats of the heart. That is, the
magnitude of the displacement velocity of the feature point
located on the vessel wall periodically changes in terms of the
heartbeat period, and the average in one heartbeat period is
nearly constant in any heartbeat period. Accordingly, there is
a tendency that the average values of the magnitudes of the
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displacement velocities of one heartbeat period are concen-
trated on predetermined values as shown by the probability
density function h12(va).

[0108] Note that, as the displacement velocities of the
respective feature points, velocity components in the depth
direction (i.e., components of velocity vectors v in the depth
direction) may be used. Further, not the displacement veloc-
ity, but acceleration may be used.

[0109] The third evaluation item is “luminance of feature
points located on contour of assumed circle 1050 of set of
feature points”. FIG. 6 is a diagram for explanation of evalu-
ations with respect to the third evaluation item in the first
embodiment. The upper side of F1G. 6 shows the schematic
locations of the assumed circle 1050 and the feature points in
the B-mode image and the lower side of FIG. 6 shows a
probability density function h13(La) of the luminance as an
evaluation criterion. The variable La is average luminance.
[0110] As shown in FIG. 6, average luminance La as aver-
ages of the luminance L of the respective feature points q is
obtained. Then, the probability density obtained from the
probability density function h13(La) based on the obtained
average luminance La is used as an evaluation value f13 ofthe
third evaluation item.

[0111] The probability density function h13(La) shown in
FIG. 6 is defined, with respect to many B-mode images con-
taining a vessel desired to be detected (e.g., a carotid artery)
acquired in advance, by obtaining average values of lumi-
nance of feature points located on the vessel wall of the
vessel. As described above, many feature points exist on the
vessel wall, and there is a tendency that the average luminance
of the feature points is concentrated on predetermined rela-
tively high luminance as shown by the probability density
function h13(La).

[0112] Note that, not the luminance of the feature points
itself, but “gradient of luminance” may be used. That is, as
shown in FIG. 7, in A-mode data (depth-signal intensity
graph), signal intensity (i.e., luminance) largely changes in
the depth position of the vessel wall. Thereby, as the gradients
of luminance of the feature points g located on the contour of
assumed circle 1050, gradients in the depth positions of the
feature points q in the A-mode data (changes in signal inten-
sity as seen in the depth direction) may be obtained, and the
probability density may be obtained based on the average
value of the gradients of luminance and used as the evaluation
value of the third evaluation item. Further, as the gradients of
luminance of the feature points q, differences between the
luminance of the feature points q in the B-mode image and the
luminance of pixels adjacent to the feature points q in the
depth direction may be used.

[0113] The fourth evaluation item is “number of feature
points inside assumed circle 1050 of set of feature points”.
FIG. 8 is a diagram for explanation of evaluations with
respect to the fourth evaluation item in the first embodiment.
The upper side of FIG. 8 shows the B-mode image and the
lower side of FIG. 8 shows a probability density function
h14(k) of the number of feature points as an evaluation crite-
rion. The variable k is the number of feature points.

[0114] As shown in FIG. 8, feature points r located inside
the assumed circle 1050 are selected. The feature points r
selected here do not include the feature points p11, p12, p13
forming the set of feature points or the feature points q on the
contour of the assumed circle as the evaluation objects in the
first evaluation item. Then, the probability density obtained
from the probability density function h14(k) based on the
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number k of the selected feature points r is used as an evalu-
ation value f14 of the fourth evaluation item.

[0115] The probability density function h1d(k) shown in
FIG. 8 is defined, with respect to many B-mode images con-
taining a vessel desired to be detected (e.g., a carotid artery)
acquired in advance, by counting the numbers of feature
points within the vessel (inside the vessel wall). The reflec-
tance of ultrasonic wave by the vessel wall is higher, however,
the reflectance by the blood within the vessel is extremely
lower and the ultrasonic wave is hardly reflected, but trans-
mitted. That is, there is a tendency that the numbers of feature
points within the vessel are concentrated on predetermined
numbers (values close to zero).

[0116] The fifth evaluation item is “feature quantity of
external image of assumed circle”. FIG. 9 is a diagram for
explanation of evaluations with respect to the fifth evaluation
item in the first embodiment. As shown by the upper side of
FIG. 9, a partial image 1052 in a predetermined range around
the assumed circle 1050 is extracted as an evaluation object
image from the B-mode image, feature quantity comparison
processing between the evaluation object image and a feature
image 1054 prepared in advance is performed, and a degree of
approximation of the images is calculated. The degree of
approximation is used as an evaluation value f15 of the fifth
evaluation item.

[0117] More specifically, the partial image 1052 is the
image obtained by setting the assumed circle 1050 in a pre-
determined position (e.g., at the center) and extracting a pre-
determined range based on the size of the assumed circle 1050
(e.g., a rectangular range formed by multiplying the diameter
ofthe assumed circle 1050 by 1.5 in the longitudinal direction
and by 2 in the lateral direction) from the B-mode image. The
feature image 1054 has a white circle at the center and the
relative position and the relative size of the circle to the whole
feature image 1054 have the same relationship as that
between the partial image 1052 and the assumed circle 1050.
[0118] The feature image 1054 is a B-mode image around
the vessel desired to be detected (e.g., a carotid artery).
Around the vessel, muscle fibers and groups of lymph nodes
can exist as surrounding tissues, and the feature image 1054
contains pattern components of the surrounding tissues. In the
feature quantity comparison processing, the outside part of
the assumed circle 1050 is trimmed from the partial image
1052 (the inside part of the assumed circle 1050 is removed),
a comparison calculation with the feature image 1054 s per-
formed, and the degree of approximation is calculated. In the
calculation of the degree of approximation, for example, the
degree of approximation may be obtained by comparison
between the location relationships of the feature points in the
images, distributions of luminance, texture information of the
images, or the like using the so-called pattern matching or the
like.

Functional Configuration

[0119] FIG. 10 is a functional configuration diagram of the
ultrasonic measuring apparatus 1010 in the first embodiment.
As shown in FIGS. 1 and 10, the ultrasonic measuring appa-
ratus 1010 includes the main body device 1020 and the ultra-
sonic probe 1016. The main body device 1020 includes an
operation input unit 1110, a display unit 1120, a sound output
unit 1130, a communication unit 1140, a processing unit
1200, and a memory unit 1300.

[0120] The operation input unit 1110 is realized by input
devices including a button switch, a touch panel, various
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sensors etc., and outputs an operation signal in response to the
performed operation to the processing unit 1200. In FIG. 1,
the touch panel 1012 and the keyboard 1014 correspond to the
unit.

[0121] Thedisplay unit 1120 is realized by a display device
such as an LCD (Liquid Crystal Display) and performs vari-
ous kinds of display based on display signals from the pro-
cessing unit 1200. In FIG. 1, the touch panel 1012 corre-
sponds to the unit.

[0122] The sound output unit 1130 is realized by a sound
output device such as a speaker and performs various kinds of
sound output based on sound signals from the processing unit
1200.

[0123] The communication unit 1140 is realized by a wire-
less communication device such as a wireless LAN (Local
Area Network) or Bluetooth (registered trademark) or a com-
munication device such as a modem, a jack of a wire com-
munication cable, or a control circuit, and connects to a given
communication line and performs communication with an
external device. In FIG. 1, the unit corresponds to the com-
munication IC 1028 mounted on the control board 1022.
[0124] The processing unit 1200 is realized by a micropro-
cessor such as a CPU (Central Processing Unit) or GPU
(Graphics Processing Unit) or an electronic component such
as an ASIC (Application Specific Integrated Circuit) or IC
(Integrated Circuit) memory, and executes various kinds of
calculation processing based on the programs and data stored
in the memory unit 1300, the operation signal from the opera-
tion input unit 1110, etc. and controls the operation of the
ultrasonic measuring apparatus 1010. Further, the processing
unit 1200 has an ultrasonic measurement control part 1210, a
measurement data generation part 1220, a vessel position
detection part 1230, and a vessel function measurement part
1250.

[0125] The ultrasonic measurement control part 1210 con-
trols transmission and reception of ultrasonic wave in the
ultrasonic probe 1016. Specifically, the part allows the ultra-
sonic probe 1016 to transmit ultrasonic wave at transmission
times at a predetermined cycle. Further, the part performs
amplification of a signal of reflected wave of ultrasonic wave
received in the ultrasonic probe 1016 etc.

[0126] The measurement data generation part 1220 gener-
ates measurement data containing image data of the respec-
tivemodes ofthe A-mode, B-mode, and M-mode based on the
received signals of the reflected wave by the ultrasonic probe
1016.

[0127] The vessel position detection part 1230 has a feature
point detection part 1231, a set of feature points generation
part 1232, a velocity vector calculation part 1233, a contour
position calculation part 1234, an evaluation part 1235, and a
vessel position determination part 1241, and performs detec-
tion of the vessel position based on the measurement data
generated by the measurement data generation part 1220.
[0128] The feature point detection part 1231 detects feature
points in a B-mode image. In the detection of feature points,
pixels that satisfy a predetermined condition are detected as
feature points based on the luminance of the pixels, lumi-
nance differences between the pixels and the surrounding
pixels of the pixels, or the like.

[0129] The set of feature points generation part 1232 gen-
erates a set of feature points including three feature points
selected from the detected feature points.

[0130] The velocity vector calculation part 1233 compares
temporally adjacent B-mode images, and calculates velocity
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vectors (magnitudes and directions of velocities) of the
respective feature points based on the amounts of movements
and frame rates of the feature points.

[0131] The contour position calculation part 1234 calcu-
lates the definitional equation (1) ofthe circle passing through
the three feature points forming the set of feature points
(assumed circle). Specifically, the parameters 1, m, n in the
definitional equation (1) are obtained, and thereby, the con-
tour position of the circle is calculated.

[0132] The evaluation part 1235 has a number of on-con-
tour feature points evaluation part 1236, a position change
evaluation part 1237, a luminance evaluation part 1238, a
number of in-contour feature points evaluation part 1239, and
a feature quantity evaluation part 1240, and performs evalu-
ations on the criterion as to whether or not the position of the
assumed circle corresponding to the set of feature points is
regarded as the position of the vessel wall. Specifically, as
shown in the above formula (2), the item evaluation values fi
obtained with respect to each of the plurality of evaluation
items are multiplied by the weight coefficient ai and added,
and thereby, the comprehensive evaluation value F is calcu-
lated.

[0133] The number of on-contour feature points evaluation
part 1236 performs an evaluation based on “number of feature
points located on contour of assumed circle” as the first evalu-
ation item. That is, the number j of the feature points q located
on the contour of assumed circle 1050 in the B-mode image is
obtained, and the probability density obtained from the prob-
ability density function h11(j) based on the number j of fea-
ture points is used as the evaluation value f11 of the first
evaluation item (see FIG. 4).

[0134] The position change evaluation part 1237 performs
an evaluation based on “position changes of feature points on
contour of assumed circle” as the second evaluation item.
That 1s, averages of the displacement velocities (position
changes per unit time) of the respective feature points q on the
contour of the assumed circle 1050 in the B-mode image over
a predetermined period (equal to or more than one heartbeat
of a heartbeat period, about several seconds) are used as
displacement velocities vi of the feature points, and an aver-
age velocity va as an average of the displacement velocities vi
of the respective feature points q is obtained. Then, the prob-
ability density obtained from the probability density function
h12(va) based on the obtained average velocity va is used as
the evaluation value f12 of the second evaluation item (see
FIG. 5).

[0135] The luminance evaluation part 1238 performs an
evaluation based on “luminance of feature points on contour”
as the third evaluation item. That is, an average value of
luminance L of the respective feature points q on the contour
of the assumed circle 1050 in the B-mode image is obtained,
and the probability density obtained from the probability
density function h13(La) based on the obtained average lumi-
nance La is used as the evaluation value f13 of the third
evaluation item (see FIG. 6).

[0136] The number of in-contour feature points evaluation
part 1239 performs an evaluation based on “number of feature
points inside contour” as the fourth evaluation item. That is,
the number k of the feature points r located inside the assumed
circle 1050 in the B-mode image is obtained, and the prob-
ability density obtained from the probability density function
h14(k) based on the obtained number k of feature points is
used as the evaluation value {14 of the fourth evaluation item
(see FIG. 8).
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[0137] The feature quantity evaluation part 1240 performs
an evaluation based on “feature quantity of external image of
assumed circle” as the fifth evaluation item. That is, the
degree of approximation of the images is calculated by com-
parison of the partial image 1052 around the assumed circle
1050 in the B-mode image with the feature image 1054 pre-
pared in advance, and the calculated degree of approximation
is used as the evaluation value f15 of the fifth evaluation item
(see FIG. 9).

[0138] The vessel position determination part 1241 deter-
mines the vessel position using the evaluation result with
respect to the set of feature points by the evaluation part 1235.
Specifically, existence of the vessel wall in the contour posi-
tion of the assumed circle by the set of feature points having
the maximum comprehensive evaluation value F is deter-
mined, the center C and the radius R of the assumed circle are
obtained, and the vessel position is decided. In this regard, in
order to determine the vessel position with higher accuracy,
the feature points on the contour of the assumed circle in the
B-mode image may be reselected, the contour position may
be recalculated using e.g. the least-square method based on
the reselected feature points, and the center C and the radius
R may be decided based on the recalculated contour position.
[0139] The vessel function measurement part 1250 per-
forms measurements of given vessel function information.
Specifically, the part performs measurements of vessel func-
tion information of the measurement of the vessel diameter,
IMT, etc. of the vessel specified by the detected vessel posi-
tion, the estimation calculation of blood pressure from vessel
diameter fluctuations by tracking the vessel anterior wall and
the vessel posterior wall, and the calculation of the pulse rate.
[0140] The memory unit 1300 is realized by a memory
device such as ROM, RAM, or hard disk, stores programs,
data, etc. for integrated control of the ultrasonic measuring
apparatus 1010 by the processing unit 1200 and used as a
work area of the processing unit 1200, and calculation results
executed by the processing unit 1200, operation data from the
operation input unit 1110, etc., are temporarily stored therein.
In FIG. 1, the part corresponds to the storage medium 1026
mounted on the control board 1022. In the embodiment, as
shown in FIG. 11, an ultrasonic measurement program 1310,
B-mode image data 1320, feature point data 1330, set of
feature points data 1340, evaluation criterion data 1350, and
vessel position data 1360 are stored in the memory unit 1300.
[0141] TheB-modeimage data 1320 stores B-mode images
generated with respect to each measurement frame associated
with frame IDs.

[0142] The feature point data 1330 is generated with
respect to each detected feature point and stores position
coordinates and velocity vectors in the B-mode images in the
respective frames.

[0143] Theset of feature points data 1340 is generated with
respect to each set of feature points and stores a list 1341 of
the position coordinates of the respective three feature points
forming the set of feature points, a contour position 1342 of
the assumed circle passing through three the three feature
points, and evaluation data 1343 used for evaluations of the
feature points. The contour position 1342 stores the param-
eters 1, m, n in the formula (1) defining the assumed circle.
The evaluation data 1343 stores evaluation object data and
evaluation values for the respective plurality of evaluation
items and comprehensive evaluation values.

[0144] The evaluation criterion data 1350 stores evaluation
criteria (probability density functions h11 to h15, the feature
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image 1054, etc.) for the respective plurality of evaluation
items and the weight coefficients all to al5.

[0145] The vessel position data 1360 is data of the detected
vessel position and stores e.g., the position coordinates of the
center C of the short-axis section and the radius R of the
vessel.

Flow of Processing

[0146] FIG. 12 is a flowchart for explanation of the ultra-
sonic measurement processing in the first embodiment. The
processing is realized by the processing unit 1200 executing
the ultrasonic measurement program 1310.

[0147] The processing unit 1200 first starts an ultrasonic
measurement using the ultrasonic probe 1016 (step S1001).
Then, the measurement data generation part 1220 generates a
B-mode image based on received signals of ultrasonic
reflected wave by the ultrasonic probe 1016 (step S1003).
Subsequently, the feature point detection part 1231 detects
feature points from the B-mode image (step S1005). Then, the
velocity vector calculation part 1233 calculates velocity vec-
tors of the respective detected feature points (step S1007).
[0148] Then, the processing of loop A is repeated in a
predetermined number of times. In the loop A, the set of
feature points generation part 1232 selects three feature
points from the feature points detected from the B-mode
image and generates a set of feature points of the selected
three feature points (step S1009). Then, the contour position
calculation part 1234 calculates the parameters of a circle
passing through the three feature points forming the gener-
ated set of feature points (assumed circle) and calculates a
contour position of the circle (step S1011).

[0149] Subsequently, the evaluation part 1235 calculates a
comprehensive evaluation value F of the set of feature points
(step S1013). For calculation of the comprehensive evalua-
tion value F, the number of on-contour feature points evalu-
ation part 1236 obtains the number j of feature points located
on the contour of the assumed circle in the B-mode image and
probability density obtained from the probability density
function h11(j) based on the obtained number j of feature
pointsisused as the evaluation value f11 of the first evaluation
item. Further, the position change evaluation part 1237
obtains an average velocity va as an average of displacement
velocities Vi of the respective feature points q located on the
contour of the assumed circle in the B-mode image and prob-
ability density obtained from the probability density function
h12(va) based on the obtained average velocity va is used as
the evaluation value 12 of the second evaluation item. Fur-
thermore, the luminance evaluation part 1238 obtains an aver-
age value of luminance L of the respective feature points q on
the contour of the assumed circle 1050 in the B-mode image
and probability density obtained from the probability density
function h13 (La) based on the obtained average luminance
La is used as the evaluation value f13 of the third evaluation
item. Further, the number of in-contour feature points evalu-
ation part 1239 obtains the number k of the feature points r
located inside the assumed circle 1050 in the B-mode image
and probability density obtained from the probability density
function h14(k) based on the obtained number k of feature
points is used as the evaluation value f14 of the fourth evalu-
ation item. Furthermore, the feature quantity evaluation part
1240 compares a partial image 1052 around the assumed
circle 1050 in the B-mode image with a feature image 1054
and calculates a degree of approximation of the images, and
the calculated degree of approximation is used as the evalu-
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ation value f15 of the fifth evaluation item. Then, the evalu-
ation part 1235 multiplies the calculated evaluation values
11 to {15 of the respective evaluation items by the predeter-
mined weight coefficients all to al5 and adds up them, and
thereby, calculates a comprehensive evaluation value F. The
loop A is performed in the above described manner.

[0150] When the processing of the loop A at the predeter-
mined number of times is ended, the vessel position determi-
nation part 1241 determines the set of feature points having
the maximum comprehensive evaluation value F from all sets
of feature points (step S1015). Then, the feature points
located on the contour of the assumed circle formed by the
determined set of feature points are reselected (step S1017),
the parameters of the circle are recalculated by the least-
square method using the positions of the reselected feature
points, and the contour position of the circle is recalculated
(step S1019). Then, the center C and the radius R of the circle
are decided from the recalculated contour position and the
vessel position is obtained (step S1021).

[0151] Then, the vessel function measurement part 1250
performs a measurement of given vessel function information
using the transmission and reception results of ultrasonic
wave by the ultrasonic probe 1016, and stores and displays the
measured vessel (step S1023). This is the end of the ultrasonic
measurement processing.

Advantages

[0152] According to the first embodiment, the combination
of the feature points in which the positions of the feature
points in the ultrasonic image have a location relationship
along the section shape of the vessel in the short-axis direc-
tion is selected, and the position of the vessel is determined
using the evaluation result of the selected combination. In the
ultrasonic image containing the section of the vessel in the
short-axis direction, there is a characteristic that many feature
points appear along the contour of the section shape of the
vessel. Thereby, a new technology of detecting the position of
the vessel from the location relationship of the positions of the
feature points in the ultrasonic image may be realized.
[0153] Note that, in the first embodiment, three feature
points form the set of feature points, however, four or more
feature points may form the set of feature points.

[0154] Further, as the evaluation items for evaluation of the
set of feature points, the five evaluation items are explained as
an example, however, it is not necessary to use all evaluation
items for determination of the comprehensive evaluation
value F. Of the five evaluation items, one or more selected
evaluation items maybe used for determination of the com-
prehensive evaluation value F. Or, other evaluation items may
be used.

Second Embodiment

[0155] Next, the second embodiment will be explained.
Note that the second embodiment has some configurations in
common with the first embodiment. Accordingly, in the
explanation of the second embodiment, the same signs are
assigned to the same configurations as those of the first
embodiment and their explanation will be omitted or simpli-
fied.

Functional Configuration

[0156] FIG. 13 shows a configuration example of a process-
ing unit 12004 of an ultrasonic measuring apparatus in the
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second embodiment, and FIG. 14 shows a configuration
example of a memory unit 1300a. The ultrasonic measuring
apparatus of the second embodiment may be realized by
replacing the processing unit 1200 by the processing unit
12004 in FIG. 13 and replacing the memory unit 1300 by the
memory unit 1300¢ in FIG. 14 in the ultrasonic measuring
apparatus 1010 of the first embodiment shown in FIG. 10.
[0157] As shown in FIG. 13, the processing unit 12004 has
the ultrasonic measurement control part 1210, the measure-
ment data generation part 1220, a vessel position detection
part 1230q, and the vessel function measurement part 1250.
Further, in the vessel position detection part 1230, a vessel
position determination part 1400 has a determination area
setting part 1410, an anterior-posterior wall detection part
1420, a membrane candidate point extraction part 1430, a
center scanning line determination part 1440, and a vessel
position decision part 1450.

[0158] The determination area setting part 1410 obtains the
contour position of the vessel in the B-mode image using the
evaluation results by the evaluation part 1235, and sets a
determination area of the vessel position based on the
obtained contour position.

[0159] The anterior-posterior wall detection part 1420
detects positions of the anterior wall and the posterior wall of
the vessel in the Y direction (depth direction from the living
body surface) in the determination area.

[0160] The membrane candidate point extraction part 1430
extracts membrane candidate points of the adventitia (ante-
rior-wall adventitia candidate point and posterior-wall adven-
titia candidate point) and membrane candidate points of the
lumen-intima boundaries (anterior wall intima candidate
point and posterior wall intima candidate point) as respective
feature points based on the Y positions of the anterior wall and
the posterior wall.

[0161] The center scanning line determination part 1440
uses a combination of the membrane candidate points, and
determines a scanning line passing through the center of the
vessel (hereinafter, referred to as “center scanning line”) of a
plurality of scanning lines with respect to the transmission
and reception of the ultrasonic probe 1016. The center scan-
ning line determination part 1440 evaluates luminance of the
membrane candidate points contained in sets of membrane
candidate points with respect to each set of membrane can-
didate points as a combination of the membrane candidate
points using a predetermined evaluation calculation. Then,
the scanning line with respect to the set of membrane candi-
date points receiving the highest evaluation (hereinafter,
referred to as “most-highly-evaluated set of membrane can-
didate points” is specified as the center scanning line.
[0162] Here, the scanning lines correspond to the respec-
tive rows of pixels in the Y-direction in the B-mode image (in
the embodiment, the determination area set in the B-mode
image), and are identified by scanning line numbers assigned
to the respective positions of the determination area in the X
direction.

[0163] The vessel position decision part 1450 decides the
center and the radius (or diameter) of the vessel as the vessel
position using the most-highly-evaluated set of membrane
candidate points according to the center scanning line.
[0164] In the memory unit 1300q, an ultrasonic measure-
ment program 1510, the B-mode image data 1320, the feature
point data 1330, the set of feature points data 1340, the evalu-
ation criterion data 1350, determination area data 1610, an
anterior-posterior wall Y position 1620, a list of membrane
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candidate points 1630, set of membrane candidate points data
1640, and vessel position data 1650 are stored.

[0165] Theultrasonic measurement program 1510 contains
a vessel position determination program 1511 for execution
of vessel position determination processing (see FIG. 15).
[0166] The determination area data 1610 stores a set range
of the determination area set in the B-mode image. The ante-
rior-posterior wall Y position 1620 stores the Y positions of
the anterior wall and the posterior wall detected in the deter-
mination area. The list of membrane candidate points 1630
stores position coordinates (X,Y) of the respective membrane
candidate points extracted in the determination area. The set
of membrane candidate points data 1640 is generated with
respect to each membrane candidate point and stores a list
1641 of membrane candidate point numbers assigned to the
membrane candidate points contained in the set of membrane
candidate points and evaluation values 1642 with respect to
each scanning line for the set of membrane candidate points.

Flow of Processing

[0167] FIG. 15 is a flowchart showing a flow of vessel
position determination processing in the second embodiment.
In the second embodiment, in the ultrasonic measurement
processing of the first embodiment shown in FIG. 12, the
vessel position determination part 1400 performs vessel posi-
tion determination processing shown in FIG. 15 in place of
the processing at step S1021. The processing is realized by the
vessel position determination part 1400 executing the vessel
position determination program 1511.

[0168] First, the determination area setting part 1410 sets a
determination area having a strip shape along the Y direction
in the B-mode image to contain the center of the contour
position obtained at step S1019 in FIG. 12 at the upstream
(step S2101).

[0169] Subsequently, the anterior-posterior wall detection
part 1420 detects the Y positions of the anterior wall and the
posterior wall of the vessel in the determination area using
e.g., B-mode image data of the determination area set at step
S2101 (step S2103: anterior-posterior wall detection process-
ing). FIG. 16 is a flowchart showing a flow of the anterior-
posterior wall detection processing in the second embodi-
ment. Further, FIGS. 17A to 17C are diagrams for
explanation of the anterior-posterior wall detection process-
ing in the second embodiment.

[0170] The anterior-posterior wall detection part 1420 first
generates a histogram by integration in the X direction (along
the living body surface) of luminance of the determination
area in the respective positions in the Y direction (step
S2201). The right part of FIG. 17A shows an example of a
histogram G1 with a B-mode image of a determination area
A101 on the side as the left part. The upper side of FIG. 17A
is the surface layer side (the living body surface side in con-
tact with the ultrasonic probe 1016), and an anterior wall part
A111 and a posterior wall part A113 of the vessel in the
determination area A101 are shown by surrounding broken
lines. Here, the width in the X direction of the determination
area A101 set in the upstream processing (step S101 in FIG.
15) may be appropriately set. In FIG. 17A, the number of
pixels (number of scanning lines) in the X direction is shown
as “15”, and the determination area A101 in FIG. 17A
includes 15 scanning lines with scanning line numbers of“1”
to “15”. As shown in the histogram G1 of the determination
area A101, the luminance is integrated in the X direction, and
thereby, the integrated value becomes larger in the Y positions
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of the anterior wall A111 and the posterior wall A113 in
which the reflectance of ultrasonic wave is higher and the
luminance is higher.

[0171] Then, the anterior-posterior wall detection part 1420
searches for peak values of the integrated values from the
histogram generated at step S2201, and extracts the Y posi-
tions thereof as peak positions (step S2203). FIG. 17B shows
a plurality of peak positions P111 to P117 extracted from the
histogram in FIG. 17A. For the processing here, e.g., a
method of extracting Y positions in which changes of the
integrated values show convex shapes based on magnitude
relationships with the integrated values in the Y positions
before and after may be used. Specifically, the Y positions
having the integrated values larger than the integrated values
in the Y positions immediately before and having the inte-
grated values larger than the integrated values in the Y posi-
tions immediately after are extracted as the peak positions.
Or, a method of extracting the Y positions in which positive
and negative signs change as a result of first derivation as the
peak positions may be used.

[0172] Then, the anterior-posterior wall detection part 1420
makes combinations of two of the peak positions extracted at
step S2203, and evaluates appropriateness of the combined
two peak positions as the anterior wall and the posterior wall
of the vessel (step S22051). The combinations are created by
respectively paring the different peak positions sequentially
from the peak position in the deepest part (sequentially from
the peak position P111 in the example of FIG. 17B). The
evaluation is performed from the deepest part in order to
avoid false detection of the peak positions as the anterior and
posterior walls because muscle fibers, surrounding tissues,
etc. exist at the surface layer side and the luminance is larger
due to the existence. Thereby, false detection of the anterior
and posterior walls of the vessel may be prevented.

[0173] Then, the anterior-posterior wall detection part 1420
checks the distances between the combined two peak posi-
tions against the average diameter value of the vessel as the
measuring object (the average diameter value of the carotid
artery in the embodiment), and evaluates whether or not the
respective peak positions of the combinations are appropriate
as the anterior wall and the posterior wall of the vessel. When
the distances between the peak positions are largely different
from the average diameter value used for the checking, evalu-
ations that they are not the combinations corresponding to the
anterior wall and the posterior wall may be made. In addition,
the anterior-posterior wall detection part 1420 performs
evaluations according to whether or not there is another peak
position between the combined two peak positions. Blood
flows between the anterior wall and the posterior wall, and
amplitudes with higher luminance are harder to be generated.
Therefore, an evaluation that the combination with another
peak existing in between does not correspond to the anterior
wall and the posterior wall may be made. Ifthe evaluation that
the combined two peak positions do not correspond to the
anterior wall and the posterior wall is made, the processing
moves to an evaluation of the next combination.

[0174] Then, the anterior-posterior wall detection part 1420
performs evaluations of the combinations of the two peak
positions sequentially from the deepest part as described
above, and thereby, decides the peak positions corresponding
to the anterior wall and the posterior wall (step S2207). For
example, as the example in FIG. 17C, if the combinations of
the two peak positions P113, P114 among the peak positions
P111 to P117 shown in FIG. 17B are evaluated to correspond
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to the anterior wall and the posterior wall, the peak position
P114 is decided and detected as the Y position of the anterior
wall and the peak position P113 is decided and detected as the
Y position of the posterior wall.

[0175] Note that processing of rearranging the respective
peak positions extracted at step S2203 prior to the evaluations
at step S2205 in the descending order of the integrated values
may be performed and the appropriateness evaluations of the
anterior and posterior walls by combining two peak positions
sequentially from the peak positions having the larger inte-
grated values may be performed. This is because the peak
positions having the larger integrated values have higher
probabilities of corresponding to the anterior wall and the
posterior wall of the vessel.

[0176] Returning to FIG. 15, subsequently, the membrane
candidate point extraction part 1430 performs adventitia can-
didate point extraction processing and extracts anterior-wall
adventitia candidate points and the posterior-wall adventitia
candidate points (step S2105). Further, the membrane candi-
date point extraction part 1430 performs intima candidate
point extraction processing and extracts anterior-wall intima
candidate points and the posterior-wall intima candidate
points (step S2107).

[0177] FIGS. 18A and 18B are diagrams for explanation of
the adventitia candidate point extraction processing in the
second embodiment. In the adventitia candidate point extrac-
tion processing, the membrane candidate point extraction part
1430 first sets adventitia search areas in the determination
area based on the Y positions of the anterior wall and the
posterior wall detected by the anterior-posterior wall detec-
tion processing in FIG. 16. For example, as shown by sur-
rounding dashed-dotted lines in FIG. 18A, areas having pre-
determined depth ranges respectively around a Y position
V21 of the anterior wall and a Y position V23 of the posterior
wall are set as adventitia search areas A21, A23. The widths of
the adventitia search areas A21, A23 in the Y direction are
determined in advance in consideration of the amounts of
dilatation and constriction of the vessel and the amounts of
relative movements of the vessel position due to beats. Then,
the membrane candidate point extraction part 1430 extracts
luminance peak positions from the respective adventitia
search areas A21, A23 using B-mode image data of the adven-
titia search areas A21, A23. For the processing here, e.g., a
method of extending the search in the Y direction explained at
step S2203 in F1G. 16 to two dimensions may be used, and the
respective adventitia search areas A21, A23 are searched for
luminance in the Y direction and X direction and a plurality of
peak positions in which the luminance is the locally maxi-
mum from all of the adventitia search areas A21, A23. Then,
as shown by white circles in the example of FIG. 18B, the
membrane candidate point extraction part 1430 sets peak
positions P211, P212 extracted from the anterior-wall adven-
titia search area A21 as anterior-wall adventitia candidate
points and a peak position P23 extracted from the posterior-
wall adventitia search area A23 as a posterior-wall adventitia
candidate point.

[0178] Further, FIGS. 19A and 19B are diagrams for expla-
nation of the intima candidate point extraction processing in
the second embodiment. The intima candidate point extrac-
tion processing may be performed in the same procedure as
that of the adventitia candidate point extraction processing,
however, for setting of the intima search area, a condition that
the lumen-intima boundaries exist closer to the lumen side of
the vessel than the adventitia is considered. Specifically, as
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shown by surrounding dashed-two dotted lines in FIG. 194,
an area having a predetermined depth range around a'Y posi-
tion apart at a predetermined distance to the depth side from
the Y position V21 of the anterior wall is set as an intima
search area A25 and an area having a predetermined depth
range around a Y position apart at a predetermined distance to
the surface layer side from the Y position V23 of the posterior
wall is set as an intima search area A27. The predetermined
distances are determined in consideration of the standard
IMT (wall thickness) length in advance. The widths of the
intima search areas A25, A27 in the Y direction are deter-
mined in advance like the adventitia search areas A21, A23.
Then, a plurality of peak positions in which the luminance is
the locally maximum from all of the intima search areas A25,
A27 in the same manner as that of the adventitia candidate
point extraction processing. Then, as shown by black circles
in the example of FI1G. 19B, the membrane candidate point
extraction part 1430 sets a peak position P25 extracted from
the anterior-wall intima search area A25 as an anterior-wall
adventitia candidate point and peak positions P271 to P273
extracted from the posterior-wall intima search area A27 as
posterior-wall adventitia candidate points.

[0179] Returning to FIG. 15, subsequently, the center scan-
ning line determination part 1440 performs center scanning
line determination processing and determines a center scan-
ning line (step S2109). FIG. 20 is a flowchart showing a flow
of the center scanning line determination processing in the
second embodiment.

[0180] In the center scanning line determination process-
ing, the center scanning line determination part 1440 first
creates sets of membrane candidate points by combining a
plurality of membrane candidate points extracted at steps
S2105, S2107 in FIG. 15 (step S2301). For example. the part
creates all combinations of four membrane candidate points
by combining each one of the anterior-wall adventitia candi-
date points, the posterior-wall adventitia candidate points, the
anterior-wall intima candidate points, and the posterior-wall
intima candidate points, and uses the respective sets as the
sets of membrane candidate points. Note that the sets of
membrane candidate points may be combinations of two or
more of the membrane candidate points, and, for example, all
combinations of the two or more membrane candidate points
may be created and the respective sets may be used as the sets
of membrane candidate points. Or, a predetermined number
of sets of membrane candidate points maybe selected from
the created sets of membrane candidate points.

[0181] Then, the center scanning line determination part
1440 evaluates appropriateness of the respective membrane
candidate points contained in the sets of membrane candidate
points as the respective positions of the anterior-wall adven-
titia, the posterior-wall adventitia, the anterior-wall lumen-
intima boundary, or the posterior-wall lumen-intima bound-
ary with respect to the sets of membrane candidate points
created at step S2301, and narrows down the sets of mem-
brane candidate points as processing objects in downstream
loop B (step S2303). For example, the center scanning line
determination part 1440 checks the distances between the
anterior-wall adventitia candidate points and the posterior-
wall adventitia candidate points against the average diameter
value of the vessel as the measuring object, and excludes the
set of membrane candidate points largely different from the
average diameter value from the processing objects. A con-
figuration of checking the distances between the anterior-wall
adventitia candidate points and the posterior-wall adventitia
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candidate points against the average diameter value and nar-
rowing down the sets may be employed. Further, the part
respectively checks the distances between the anterior-wall
adventitia candidate points and the anterior-wall intima can-
didate points and the distances between the posterior-wall
adventitia candidate points and the posterior-wall intima can-
didate points against the IMT length, and excludes the set of
membrane candidate points having one or both of the dis-
tances not nearly equal to the IMT length from the processing
objects. Furthermore, the part extrudes, of the membrane
candidate points contained in the sets of membrane candidate
points, the sets of membrane candidate points having dis-
tances in the X direction between the two membrane candi-
date points farthest from each other in the X direction from
the processing objects.

[0182] Then, the center scanning line determination part
1440 sequentially sets the sets of membrane candidate points
not extruded at step $2302, but left as processing objects, and
performs processing of loop B (steps S2305 to S2309).
[0183] That is, in the loop B, the center scanning line deter-
mination part 1440 performs predetermined evaluation cal-
culations with respect to each scanning line based on the
B-mode image data of the determination areas using the sets
of membrane candidate points as the processing objects (step
S2307). The evaluation calculations are performed by
sequentially providing scanning numbers of ““1” to “15” to the
formula (3) and calculating evaluation values Eval with
respect to each scanning line number. In the following for-
mula (3), n represents the total number of sets of membrane
candidate points, LineNum represents the scanning line num-
ber, (X,,.icrion Y anterior) FEPresents position coordinates of the
anterior-wall adventitia candidate point, (X, /e,i0m Y posterior)
represents position coordinates of the posterior-wall adven-
titia candidate point, (X,,,crior Y anserior) FEPresents position
coordinates of the anterior-wall intima candidate point, (x,,,,-
rerior, Y posterior) TEPLESENts position coordinates of the poste-
rior-wall intima candidate point, respectively. AMP refers to
luminance in the position coordinates.

E ValnfLineNum = @)

AMP(LineNum, Yanerior)
AMPXapteriors Yanterior)

AMP(LineNum, Yanterior)
AMPXgneriors Yanterior)

AMP(LineNum, Y posterior)
AMP(Xposterior Yposterior)
AMP(LineNum, Y posterior)
AMP(x posteriors Y, poxrerior)

[0184] Then, after the evaluation calculations at step S2307
with all sets of membrane candidate points as the processing
objects, the center scanning line determination part 1440
specifies the most-highly-evaluated scanning line having the
largest evaluation value as the center scanning line, and sets
the set of membrane candidate points used for the evaluation
as the most-highly-evaluated set of membrane candidate
points (step S2311).

[0185] Returning to FIG. 15, subsequently, the vessel posi-
tion decision part 1450 performs vessel position decision
processing and determines the position of the vessel (step
S2111). FIG. 21 is a flowchart showing a flow of the vessel
position decision processing in the second embodiment.
[0186] The vessel position decision part 1450 first refers to
the B-mode image data 1320 and reads out luminance of one
row on the center scanning line (step S2401). Then, the vessel
position decision part 1450 detects the respective positions of
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the anterior-wall adventitia, the posterior-wall adventitia, the
anterior-wall lumen-intima boundary, and the posterior-wall
lumen-intima boundary (step S2403). Specifically, first, the
vessel position decision part 1450 searches the luminance on
the center scanning line read out at step S2401 for peak
values, and extracts peak positions. The processing here
maybe performed in the same manner as that at step $2203 in
FIG. 16. Then, the vessel position decision part 1450 selects
each one peak position near the respective Y positions based
on the Y positions of the respective membrane candidate
points contained in the most-highly-evaluated set of mem-
brane candidate points so that the peak position most closest
to the anterior-wall adventitia candidate point in Y position
maybe set as the anterior-wall adventitia position.

[0187] Note that, at step S2401, luminance of three rows of
the respective scanning lines of the center scanning line and
both adjacent lines may be read out and integrated values
obtained by integration of the luminance of the three rows in
the respective positions in the Y direction maybe calculated.
Then, the processing at step S2403 may be performed using
the integrated values, and the anterior-wall adventitia posi-
tion, the posterior-wall adventitia position, the anterior-wall
lumen-intima boundary position, and the posterior-wall
lumen-intima boundary position may be detected from the
peak positions of the integrated values. Thereby, the effect of
noise may be reduced.

[0188] Then, the vessel position decision part 1450 obtains
an intermediate position between the anterior-wall adventitia
position and the posterior-wall adventitia position detected at
step S2403 as the center of the vessel, and obtains the radius
of the vessel using the distance between the anterior-wall
lumen-intima boundary position and the posterior-wall
lumen-intima boundary position as the vessel diameter (step
S2405). Note that the radius of the vessel may be obtained
using the distance between the anterior-wall adventitia posi-
tion and the posterior-wall adventitia position as the vessel
diameter. Or, not the radius, but the diameter may be obtained.

[0189] Then, the processing moves to step S1023 in FIG.
12, and the vessel function measurement part 1250 performs
measurements of vessel function information.

[0190] Inthe B-modeimage, all areas of the vessel walls do
not necessarily clearly appear, and it is possible that the
adventitia positions and the lumen-intima boundary positions
according to the respective anterior wall and posterior wall
can not be properly detected. On the other hand, when the
peak positions of luminance are extracted in the B-mode
image, other locations with higher luminance due to existence
of surrounding tissues, the effect of noise, or the like maybe
extracted than the adventitia positions and the lumen-intima
boundary positions. In contrast, according to the second
embodiment, using the membrane candidate points detected
by extraction of the peak positions of luminance in the
B-mode image in combination, the respective scanning lines
may be evaluated with respect to each set of membrane can-
didate points in consideration of the relative position relation-
ships of the membrane candidate points contained in the sets
of membrane candidate points and the magnitude relation-
ships of luminance at the respective membrane candidate
points. Then, the scanning line related to the sets of mem-
brane candidate points receiving the highest evaluation
(most-highly-evaluated set of membrane candidate points)
may be specified as the center scanning line, and thereby, the
position of the vessel on the center scanning line may be
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determined with higher accuracy using the most-highly-
evaluated set of membrane candidate points.

[0191] Note that the procedures of the adventitia candidate
point extraction processing and the intima candidate point
extraction processing are not limited to the methods
explained with reference to FIGS. 18A, 18B, 19A, 19B.
FIGS.22A to 22C are diagrams for explanation of'a modified
example of the adventitia candidate point extraction process-
ing and the intima candidate point extraction processing. In
the modified example, the adventitia candidate points and the
intima candidate points are detected at the same time. First, as
shown in FIG. 22A, one search area A4 is set to contain all
ranges of the area of the vessel in the determination area based
on the Y position V21 of the anterior wall and the Y position
V23 of the posterior wall detected by the anterior-posterior
wall detection processing in FIG. 16. The setting of the search
area A4 is made in consideration of the above described
amounts of dilatation and constriction of the vessel, amounts
of relative movements of the vessel position due to beats, etc.
[0192] Then, as shown in FIG. 22B, a plurality of feature
points P241 in the search area A4 are extracted using the
B-mode image data in the search area A4. As the method of
extracting the feature points, e.g., a corner detection method
(Harris and Stephens) may be used. Or, another corner detec-
tion method such as an eigenvalue method (Shi and Tomasi)
or FAST feature detection may be used, or feature points may
be extracted using local feature quantities represented by
SIFT (Scale invariant feature transform) or SURF (Speeded
Up Robust Features) feature quantities. Further, a method of
performing the search in the depth direction explained at step
S2203 in FIG. 16 with respect to all scanning lines (X posi-
tions) and extracting peak positions of luminance as feature
points may be used.

[0193] Then, the extracted feature points P241 are classi-
fied into two groups of a group of adventitia candidate points
P231 shown by white circles in FIG. 22C and a group of
intima candidate points P233 shown by black circles using
their luminance. For the classification, a technique of cluster-
ing such as the k-means method may be used. The higher
luminance of the adventitia part than the luminance of the
lumen-intima boundary part enables the grouping. Note that
grouping may be performed using gradients of luminance at
the respective feature points.

[0194] Further, when the membrane candidate points are
extracted by the method of the modified example, the center
scanning line may be determined by performing the following
processing in place of the processing at step S2307 in FIG. 20.
That is, first, the respective membrane candidate points con-
tained in the sets of membrane candidate points as processing
objects are modeled in a two-dimensional normal distribution
using luminance of the surrounding areas of the membrane
candidate points. FIG. 23A shows an example of a distribu-
tion of luminance of the anterior wall part, and FIG. 23B
shows a two-dimensional normal distribution model obtained
by modeling a luminance distribution of a surrounding area of
a certain membrane candidate point. For example, a two-
dimensional normal distribution model representing each
membrane candidate point by position coordinates (X,Y) of
the membrane candidate point, a breadth (o,,0,) of the lumi-
nance distribution with the membrane candidate point as an
apex, an amplitude value (amp) representing the height of the
apex, etc. is created.

[0195] Then, the center scanning line is determined with
the two-dimensional normal distribution models (X, Y, o,, o,,
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amp) of the respective membrane candidate points as input
using a statistical model such as a machine learning model
including a neural network and a support vector machine
(SVM) after previous learning. As a result of the determina-
tion with respect to each set of membrane candidate point, the
scanning line that was most frequently determined as the
center scanning line is set as the center scanning line and the
set of membrane candidate points used for the determination
is set as the most-highly-evaluated set of membrane candidate
points. Note that, the technique of the modified example is
preferably applied to the case where the processing perfor-
mance of the main body device 1020 is higher because the
amount of calculation is larger than that of the technique in
the above described second embodiment.

[0196] According to the modified example, the respective
scanning lines may be evaluated with respect to each set of
membrane candidate points in consideration of the luminance
distributions of the surrounding areas with the apexes as the
respective membrane candidate points in addition to the rela-
tive position relationships of the membrane candidate points
contained in the sets of membrane candidate points and the
magnitude relationships of luminance at the respective mem-
brane candidate points. Therefore, the vessel position may be
determined with higher accuracy.

[0197] Further, the processing explained to use the B-mode
image data in the above described vessel position determina-
tion processing may be performed using A-mode data (ampli-
tude values) or RF signals in place of the B-mode image data.
[0198] Furthermore, in the second embodiment, first, the
contour position of the vessel section in the B-mode image is
obtained by the method of the first embodiment and the deter-
mination area is set to contain the center of the obtained
contour position, however, it is not necessary to obtain the
contour position by the method of the first embodiment as
long as the strip-shaped determination area containing the
center of the vessel in the B-mode image may be set. In
addition, if the ultrasonic probe 1016 may be positioned
immediately above the center of the vessel and a strip-shaped
B-mode image containing the center of the vessel may be
generated in single ultrasonic measurement performed at step
S1001 in FIG. 12, the processing at the step S1203 and the
subsequent steps in FIG. 15 may be performed after step
S1001 in FIG. 12 without the processing of obtaining the
contour position.

Advantages

[0199] According to the second embodiment, the combina-
tion of the feature points in which the positions of the feature
points in the ultrasonic image have a location relationship
along the section shape of the vessel in the short-axis direc-
tion is selected, and the position of the vessel is determined
using the evaluation result of the selected combination. In the
ultrasonic image containing the section of the vessel in the
short-axis direction, there is a characteristic that many feature
points appear along the contour of the section shape of the
vessel. Thereby, a new technology of detecting the position of
the vessel from the location relationship of the positions of the
feature points in the ultrasonic image may be realized.
[0200] Note that, in the second embodiment, three feature
points form the set of feature points, however, four or more
feature points may form the set of feature points.

[0201] Further, as the evaluation items for evaluation of the
set of feature points, the five evaluation items are explained as
an example, however, it is not necessary to use all evaluation
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items for determination of the comprehensive evaluation
value F. Of the five evaluation items, one or more selected
evaluation items maybe used for determination of the com-
prehensive evaluation value F. Or, other evaluation items may
be used.

Third Embodiment

[0202] Next, the third embodiment of the invention will be
explained.

System Configuration

[0203] FIG. 24 shows a configuration example of an ultra-
sonic measuring apparatus 3010 in the third embodiment. The
ultrasonic measuring apparatus 3010 is an apparatus that
measures biological information of a subject using ultrasonic
wave. In the embodiment, a vessel as a measuring object is a
carotid artery and, as biological information, vessel function
information such as IMT (Intima Media Thickness) is mea-
sured. Obviously, other vessel function information such as
measurements of a pulse wave propagation velocity and a
hardness index value of the vessel wall and a measurement of
vessel diameter and a measurement of blood pressure from
the vessel diameter may be performed. Further, the vessel as
the measuring object may be another artery such as a radial
artery.

[0204] Theultrasonic measuring apparatus 3010 includes a
touch panel 3012, a keyboard 3014, an ultrasonic probe 3016,
and a main body device 3020. A control board 3022 is
mounted on the main body device 3020 and connected to the
respective parts of the touch panel 3012, the keyboard 3014,
the ultrasonic probe 3016, etc. so that signals can be trans-
mitted and received.

[0205] On the control board 3022, a CPU (Central Process-
ing Unit) 3024, an ASIC (Application Specific Integrated
Circuit), various integrated circuits, a storage medium 3026
of an IC memory or ahard disk, and a communication IC 3028
that realizes data communication with an external device are
mounted. The main body device 3020 executes control pro-
grams stored in the storage medium 3026 using the CPU 3024
etc., and thereby, realizes various functions including an
ultrasonic measurement according to the embodiment.

[0206] Specifically, the main body device 3020 transmits
and applies an ultrasonic beam toward an in vivo tissue of a
subject 3002 from the ultrasonic probe 3016 and receives
reflected wave. Then, the received signals of the reflected
wave are amplified and signal-processed, and thereby, mea-
surement data on the in vivo structure of the subject 3002 may
be generated. The measurement data contains images of
respective modes of the so-called A-mode, B-mode, M-mode,
and color Doppler. The measurement using ultrasonic wave is
repeatedly executed at a predetermined cycle. The unit of
measurement is referred to as “frame”.

[0207] The ultrasonic probe 3016 includes a plurality of
ultrasonic transducers arranged therein. In the embodiment, a
single row is used, however, a two-dimensional arrangement
configuration including a plurality of rows may be used.
Further, the ultrasonic probe 3016 is fixed to the neck of the
subject 3002 in the opposed position in which the arrange-
ment of the ultrasonic transducers may extend along the long-
axis direction of a carotid artery (vessel) 3004 of the subject
3002, and the vessel function information is measured.
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Principle

[0208] For measurement of the vessel function informa-
tion, first, detection of a vessel position is performed. Spe-
cifically, as shown in FIG. 25, feature points in a B-mode
image (center positions of dotted circles in FIG. 25) are
extracted. The B-mode image shown in FIG. 25 is a sectional
view of the vessel in the long-axis direction, and the X axis
extends along the living body surface and the Y-axis extends
in the depth direction from the living body surface. Note that,
to facilitate understanding, the reduced number of feature
points is shown in the respective drawings of F1G. 25 and the
subsequent drawings, however, actually, more feature points
than those shown in the drawings are extracted. Further, in
FIG. 25, a position of the vessel wall of a real vessel 3004 is
shown by dashed-dotted lines.

[0209] The section shape ofthe vessel 3004 in the long-axis
direction is a shape with two straight lines nearly in parallel
because the vessel walls appear. Further, in the B-mode
image, many of the feature points appear in parts in which
luminance changes such as muscle, tendons, and fat in addi-
tion to the vessel wall (specifically, an intima-adventitia
boundary and a lumen-intima boundary). The reflectance of
ultrasonic wave is higher in the position where the medium
changes (in a sense, the boundary of medium), and the posi-
tion with higher reflectance is represented in higher lumi-
nance in the B-mode image. Accordingly, the vessel wall,
muscle, tendon, fat, etc. are different in medium from the
surrounding tissues and the luminance changes in the parts,
and the parts are extracted as feature points. One of the char-
acteristics of the embodiment is to detect the vessel position
using the position relationship of the feature points.

[0210] Specifically, as shown in FIG. 26, four feature points
p31 to p34 (solid white circles in FIG. 26) are selected from
the feature points in the B-mode image, and “set of feature
points” as a combination of the four feature points is gener-
ated. The feature points p31 to p34 are selected to have a
location position relationship along the section shape of the
vessel 3004 in the long-axis direction. That is, the feature
points p31 to p34 are selected so that a straight line 131
passing through the two feature points p31, p32 and a straight
line 132 passing through the two feature points p33, p34 may
be nearly in parallel to each other and the distance between
the straight lines may be equal to or less than a predetermined
distance that is regarded as a vessel diameter.

[0211] Hereinafter, the two straight lines 131, 132 defined
by the four feature points p31 to p34 forming the set of feature
points are referred to as “pair of straight lines” of the set of
feature points. Note that, regarding the two straight lines 131,
132, the shallower one in the depth position is the straight line
131 and the deeper one is the straight line 132.

[0212] A straight line 1 passing through two feature points
pa, pb is defined by parameters c., § obtained by generating
simultaneous linear equations with two unknowns by substi-
tuting position coordinates pa (xa, ya) and pb (xb, yb) of the
respective two feature points in a general expression given by
the formula (4) and solving the simultaneous equations.

y=ax+p 4

[0213] Then, the set of feature points are evaluated on a
criterion as to whether or not the pair of straight lines of the set
of feature points are regarded as the position of the vessel
wall. Specifically, as shown by the formula (5), evaluation
values fi by a plurality of evaluation items are weighted by a
coefficient ai and added, and a comprehensive evaluation
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value F is calculated. As will be described later, the evaluation
value fi is obtained from a probability density function hi (xi)
with a variable xi as shown in the formula (6).

F= Z (@i x f;) ©
fi = hi(x) ©)
[0214] The evaluation values fi of the respective evaluation

items correspond to probabilities (also referred to as “accu-
racy”) of the two straight lines of the pair of straight lines
located in the position of the vessel wall. That is, the values
are defined to be larger as the probabilities that the pair of
straight lines are regarded as the vessel wall are higher. Fur-
ther, whether or not the pair of straight lines are regarded as
the vessel wall is determined using the comprehensive evalu-
ation value F, and the vessel position is decided. In this regard,
setting of the evaluation items on which importance is placed
for determination may be changed by the weight coefficient
ai.

[0215] Inthe third embodiment, evaluations are made with
respect to five evaluation items (first to fifth evaluation items).
The first evaluation item is “number of feature points located
on respective straight lines of pair of straight lines”. FIG. 27
1s a diagram for explanation of an evaluation with respect to
the first evaluation item in the third embodiment. The upper
side of FIG. 27 shows the schematic locations of the feature
points and the pair of straight lines in the B-mode image and
the lower side of FIG. 27 shows a probability density function
h31(s) of the number of feature points as an evaluation crite-
rion. The valuable s is the number of feature points.

[0216] As shown in FIG. 27, the feature points located at
the distances from the two straight lines 131, 132 equal to or
less than a predetermined short distance are selected as fea-
ture points q (q31 to q37) on the respective straight lines 131,
132 of the pair of straight lines. Note that the feature points g
selected here do not include the feature points p31 to p34
forming the set of feature points. Then, the probability density
obtained from the probability density function h31(s) based
on the number s of the selected feature points q is used as an
evaluation value 31 of the first evaluation item.

[0217] The probability density function h31(s) shown in
FIG. 27 is defined, with respect to many B-mode images
containing sections in the long-axis direction of a vessel
desired to be detected (e.g., a carotid artery) acquired in
advance, by counting the numbers of feature points located on
the vessel wall of the vessel. As described above, many fea-
ture points exist in the position of the vessel wall and there is
a tendency that the numbers of the feature points are concen-
trated on predetermined numbers as shown by the probability
density function h31(s).

[0218] Thesecondevaluationitem is “displacement veloci-
ties of feature points located on respective straight lines of
pair of straight lines”. The displacement velocity refers to a
position change per unit time and a magnitude of the velocity
(absolute value). FIG. 28 is a diagram for explanation of
evaluations with respect to the second evaluation item in the
third embodiment. The upper side of FIG. 28 shows the sche-
matic locations of the feature points and the pair of straight
lines in the B-mode image and the lower side of FIG. 28
shows a probability density function h32(vc) of the average
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displacement velocity of feature points as an evaluation cri-
terion. The variable ve is an average velocity.

[0219] As shown in FIG. 28, the displacement velocities of
the respective feature points q (q31 to q37) on the respective
straight lines 131, 132 of the pair of straight lines are
obtained, and average velocities vc as averages of the dis-
placement velocities are obtained. For example, the displace-
ment velocities of the respective feature points q are obtained
by obtaining velocity vectors v of the feature points q and
averaging the magnitudes of the velocity vectors v over a
predetermined period (equal to or more than one heartbeat of
a heartbeat period, about several seconds) using a gradient
method utilizing spatial luminance gradients, block matching
utilizing an image block having a predetermined size and
containing the feature points as a template, or the like. Then,
the probability density obtained from the probability density
function h32(vc) in FIG. 28 based on the obtained average
velocity ve is used as an evaluation value 32 of the second
evaluation item.

[0220] The probability density function h32(vc) shown in
FIG. 28 is defined, with respect to many B-mode images
containing sections in the long-axis direction of a vessel
desired to be detected (e.g., a carotid artery) acquired in
advance, by obtaining average velocities of the respective
feature points located on the vessel wall of the vessel. The
vessel repeats generally isotropic constriction and dilatation
according to the beats of the heart. That is, the magnitude of
the displacement velocity of the feature point located on the
vessel wall periodically changes in terms of the heartbeat
period, and the average in one heartbeat period is nearly
constant in any heartbeat period. Accordingly, there is a ten-
dency that the average values of the magnitudes of the dis-
placement velocities of one heartbeat period are concentrated
on predetermined values as shown by the probability density
function h32(ve).

[0221] Note that, as the displacement velocities of the
respective feature points, velocity components in the depth
direction (i.e., components of velocity vectors v in the depth
direction) may be used. Further, not the displacement veloc-
ity, but acceleration may be used.

[0222] The third evaluation item is “luminance of feature
points located on respective straight lines of pair of straight
lines”. FIG. 29 is a diagram for explanation of evaluations
with respect to the third evaluation item in the third embodi-
ment. The upper side of FIG. 29 shows the schematic loca-
tions of the feature points and the pair of straight lines in the
B-mode image and the lower side of FIG. 29 shows a prob-
ability density function h33(Lc) of the luminance as an evalu-
ation criterion. The variable L¢ is average luminance.

[0223] As shown in FIG. 29, average luminance Lc as aver-
ages of the luminance I of the respective feature points q (q31
to q37) on the respective straight lines 131, 132 of the pair of
straight lines is obtained. Then, the probability density
obtained from the probability density function h33(Lc) based
on the obtained average luminance L is used as an evaluation
value 33 of the third evaluation item.

[0224] The probability density function h33(Lc) shown in
FIG. 29 is defined, with respect to many B-mode images
containing sections in the long-axis direction of a vessel
desired to be detected (e.g., a carotid artery) acquired in
advance, by obtaining average values of luminance of feature
points located on the vessel wall of the vessel. As described
above, many feature points exist on the vessel wall, and there
is a tendency that the average luminance of the feature points

Oct. 1, 2015

is concentrated on predetermined relatively high luminance
as shown by the probability density function h33(Lc).

[0225] Note that, not the luminance of the feature points
itself, but “gradient of luminance” may be used. That is, as
shown in FIG. 30, in A-mode data (depth-signal intensity
graph), signal intensity (i.e., luminance) largely changes in
the depth position of the vessel wall. Thereby, as the gradients
of luminance of the feature points q located on the straight
lines 131, 132, gradients in the depth positions of the feature
points q in the A-mode data (changes in signal intensity as
seen in the depth direction) may be obtained, and the prob-
ability density may be obtained based on the average value of
the gradients of luminance and used as the evaluation value of
the third evaluation item. Further, as the gradients of lumi-
nance of the feature points g, differences between the lumi-
nance of the feature points q in the B-mode image and the
luminance of pixels adjacent to the feature points q in the
depth direction may be used.

[0226] The fourth evaluation item is “number of feature
points between straight lines”. FIG. 31 s a diagram for expla-
nation of evaluations with respect to the fourth evaluation
item. The upperside of FIG. 31 shows the schematic locations
of the feature points and the pair of straight lines in the
B-mode image and the lower side of FIG. 31 shows a prob-
ability density function h34(u) of the number of feature points
as an evaluation criterion. The variable u is the number of
feature points.

[0227] As shown in FIG. 31, feature points r (131, r32)
located between the straight lines 131, 132 of the pair of
straight lines are selected. The feature points r selected here
do notinclude the feature points p31 to p34 forming the set of
feature points or the feature points q (q31 to q37) on the
straight lines 131, 132 as the evaluation objects from the first
evaluation item to the third evaluation item. Then, the prob-
ability density obtained from the probability density function
h34(u) based on the number v of the selected feature points r
is used as an evaluation value 134 of the fourth evaluation
item.

[0228] The probability density function h34(u) shown in
FIG. 31 is defined, with respect to many B-mode images
containing sections in the long-axis direction of a vessel
desired to be detected (e.g., a carotid artery) acquired in
advance, by counting the numbers of feature points within the
vessel (inside the vessel wall). The reflectance of ultrasonic
wave by the vessel wall is higher, however, the reflectance by
the blood within the vessel is extremely lower and the ultra-
sonic wave is hardly reflected, but transmitted. That is, there
is a tendency that the numbers of feature points within the
vessel are concentrated on predetermined numbers (values
close to zero).

[0229] The fifth evaluation item is “feature quantity of
external image of pair of straight lines”. FIG. 32 is a diagram
for explanation of evaluations with respect to the fifth evalu-
ation item in the third embodiment. In the evaluations of the
fifth evaluation item, as shown by the upper side of FIG. 32,
a partial image 3052 in a predetermined range containing the
pair of straight lines is extracted as an evaluation object image
from the B-mode image, feature quantity comparison pro-
cessing between the partial image 3052 and a feature image
3054 prepared in advance is performed, and a degree of
approximation of the images is calculated. The degree of
approximation is used as an evaluation value 35 of the fifth
evaluation item.
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[0230] More specifically, the partial image 3052 is set as an
external image of the pair of straight lines and a rectangle with
the center line C between the straight lines 131, 132 crossing
the image center in the lateral direction. Further, the partial
image 3052 is a square image with the direction along the
center line C of the straight lines 131, 132 as the lateral
direction and the direction orthogonal to the center line C as
the longitudinal direction, and the lengths in the longitudinal
direction and the lateral direction are lengths based on the
distance between the straight lines 131, 132 (e.g., three times
the distance between the straight lines 131, 132).

[0231] The feature image 3054 is a B-mode image of the
body tissues outside the section in the long-axis direction
(above the anterior wall and below the posterior wall) of the
vessel desired to be detected (e.g., a carotid artery) and the
image in which the center line of the vessel in the long-axis
direction crosses the image center in the lateral direction.
Further, the relative position and relative size of the vessel
wall (anterior wall and posterior wall) to the whole feature
image 3054 are the same as the relationship between the pair
of straight lines in the partial image 3052. Around the vessel,
muscle fibers and groups of lymph nodes can exist as body
tissues, and the feature image 3054 contains pattern compo-
nents of the body tissues.

[0232] In the feature quantity comparison processing, the
degree of approximation is calculated by a comparison cal-
culation of the image parts formed by removing the part
between the straight lines 131, 132 of the pair of straight lines
from the partial image 3052, i.e., the image part above the
straight line 131 and the image part below the straightline 132
as the image parts outside the pair of straight lines with the
feature image 3054. In the calculation of the degree of
approximation, for example, the degree of approximation
may be obtained by comparison between the location rela-
tionships of the feature points in the images, distributions of
luminance, texture information of the images, or the like
using the so-called pattern matching or the like.

Functional Configuration

[0233] FIG. 33 is a functional configuration diagram of the
ultrasonic measuring apparatus 3010 in the third embodi-
ment. As shown in FIG. 33, the ultrasonic measuring appara-
tus 3010 includes the main body device 3020 and the ultra-
sonic probe 3016. The main body device 3020 includes an
operation input unit 3110, a display unit 3120, a sound output
unit 3130, a communication unit 3140, a processing unit
3200, and a memory unit 3300.

[0234] The operation input unit 3110 is realized by input
devices including a button switch, a touch panel, various
sensors or the like, and outputs an operation signal in
response to the performed operation to the processing unit
3200. In FIG. 24, the touch panel 3012 and the keyboard 3014
correspond to the unit.

[0235] Thedisplay unit 3120 is realized by a display device
such as an LCD (Liquid Crystal Display) and performs vari-
ous kinds of display based on display signals from the pro-
cessing unit 3200. In FIG. 24, the touch panel 3012 corre-
sponds to the unit.

[0236] The sound output unit 3130 is realized by a sound
output device such as a speaker and performs various kinds of
sound output based on sound signals from the processing unit
3200.

[0237] The communication unit 3140 is realized by a wire-
less communication device such as a wireless LAN (Local
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Area Network) or Bluetooth (registered trademark) or a com-
munication device such as a modem, a jack of a wire com-
munication cable, or a control circuit, and connects to a given
communication line and performs communication with an
external device. In FIG. 24, the unit corresponds to a com-
munication IC 3028 mounted on a control board 3022.

[0238] The processing unit 3200 is realized by a micropro-
cessor such as a CPU (Central Processing Unit) or GPU
(Graphics Processing Unit) or an electronic component such
as an ASIC (Application Specific Integrated Circuit) or IC
(Integrated Circuit) memory, and executes various kinds of
calculation processing based on the programs and data stored
in the memory unit 3300, the operation signal from the opera-
tion input unit 3110, etc. and controls the operation of the
ultrasonic measuring apparatus 3010. Further, the processing
unit 3200 has an ultrasonic measurement control part 3210, a
measurement data generation part 3220, a vessel position
detection part 3230, and a vessel function measurement part
3260.

[0239] The ultrasonic measurement control part 3210 con-
trols transmission and reception of ultrasonic wave in the
ultrasonic probe 3016. Specifically, the part allows the ultra-
sonic probe 3016 to transmit ultrasonic wave at transmission
times at a predetermined cycle. Further, the part performs
amplification of a signal of reflected wave of ultrasonic wave
received in the ultrasonic probe 3016 etc.

[0240] The measurement data generation part 3220 gener-
ates measurement data containing image data of the respec-
tivemodes ofthe A-mode, B-mode, and M-mode based onthe
received signals of the reflected wave by the ultrasonic probe
3016.

[0241] The vessel position detection part 3230 has a feature
point detection part 3231, a velocity vector calculation part
3232, a set of feature points generation part 3233, a set of
feature points evaluation part 3240, and a vessel position
determination part 3250, and performs detection of the vessel
position based on the measurement data generated by the
measurement data generation part 3220.

[0242] The feature point detection part 3231 detects feature
points in a B-mode image. In the detection of feature points,
pixels that satisfy a predetermined condition are detected as
feature points based on the luminance of the pixels, lumi-
nance differences between the pixels and the surrounding
pixels of the pixels, or the like.

[0243] The velocity vector calculation part 3232 compares
temporally adjacent B-mode images, and calculates velocity
vectors (magnitudes and directions of velocities) of the
respective feature points based on the amounts of movements
and frame rates of the feature points.

[0244] The set of feature points generation part 3233 gen-
erates a set of feature points including four feature points
selected from the detected feature points. In this regard, the
four feature points p31 to p34 are selected so that the straight
line 131 passing through the two feature points p31, p32 and
the straight line 132 passing through the two feature points
P33, p34 may be nearly in parallel and the distance between
the straight lines may be equal to or less than a predetermined
distance. The straight lines 131, 132 are calculated by obtain-
ing the parameters a, f in the definitional equation of straight
line (4). To obtain the straight lines 131, 132 is to set the pair
of straight lines corresponding to the section shape in the
long-axis direction corresponding to the long-axis section of
the vessel.
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[0245] The set of feature points evaluation part 3240 has a
number of on-straight lines feature points evaluation part
3241, a position change evaluation part 3242, a luminance
evaluation part 3243, a number of between-straight lines fea-
ture points evaluation part 3244, and a feature quantity evalu-
ation part 3245, and the set of feature points are evaluated on
the criterion as to whether or not the pair of straight lines of
the set of feature points is regarded as the position of the
vessel wall. Specifically, as shown in the above formula (5),
the item evaluation values fi obtained with respect to each of
the plurality of evaluation items are multiplied by the weight
coefficient ai and added, and thereby, the comprehensive
evaluation value F is calculated.

[0246] The number of on-straight lines feature points
evaluation part 3241 performs an evaluation based on “num-
ber of feature points located on respective straight lines of
pair of straight lines” as the first evaluation item. That is, the
number s of the feature points q located on the respective
straight lines 131, 132 in the B-mode image, and the prob-
ability density obtained from the probability density function
h31(s) based on the obtained number s of feature points is
used as the evaluation value f31 of the first evaluation item
(see FIG. 27).

[0247] The position change evaluation part 3242 performs
an evaluation based on “position changes of feature points on
respective straight lines of pair of straight lines™ as the second
evaluation item. That is, averages of the displacement veloci-
ties (position changes per unit time) of the respective feature
points q on the respective straight lines 131, 132 in the
B-mode image over a predetermined period (e.g., equal to or
more than one heartbeat of a heartbeat period, about several
seconds) are used as displacement velocities vi of the feature
points, and an average velocity vc as an average of the dis-
placement velocities vi of the respective feature points q is
obtained. Then, the probability density obtained from the
probability density function h32(vc) based on the obtained
average velocity vc is used as the evaluation value 32 of the
second evaluation item (see FIG. 28).

[0248] The luminance evaluation part 3243 performs an
evaluation based on “luminance of feature points on respec-
tive straight lines of pair of straight lines” as the third evalu-
ation item. That is, an average value of luminance L of the
respective feature points q located on the straight lines 131,
132 in the B-mode image is obtained, and the probability
density obtained from the probability density function h33
(Lc) based on the obtained average luminance Lc is used as
the evaluation value £33 of the third evaluation item (see FIG.
29).

[0249] Thenumber of between-straight lines feature points
evaluation part 3244 performs an evaluation based on “num-
ber of feature points between straight lines” as the fourth
evaluation item. That is, the number u of the feature points r
located between the straight lines 131, 132 in the B-mode
image is obtained, and the probability density obtained from
the probability density function h34(u) based on the obtained
number u of feature points is used as the evaluation value £34
of the fourth evaluation item (see FIG. 31).

[0250] The feature quantity evaluation part 3245 performs
an evaluation based on “feature quantity of external image of
pair of straight lines” as the fifth evaluation item. That is, the
degree of approximation of the images is calculated by
extracting the partial image 3052 containing the pair of
straight lines in the B-mode image so that the relative position
and relative size of the pair of straight lines may have the same
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relationship with the whole image as the vessel wall in the
feature image 3054 and comparing the image with the feature
image 3054 prepared in advance, and the calculated degree of
approximation is used as the evaluation value 35 of the fifth
evaluation item (see FIG. 32).

[0251] The vessel position determination part 3250 deter-
mines the vessel position using the evaluation result with
respect to the set of feature points by the set of feature posi-
tions evaluation part 3240. Specifically, existence of the ves-
sel wall in the position of the respective straight lines 131,132
by the set of feature points having the maximum comprehen-
sive evaluation value F is determined, the average distance
between the straight lines 131, 132 corresponding to the
center line C of the straight lines 131, 132 and the radius R of
the vessel is obtained, and the vessel position is decided.
[0252] Inthis regard, in order to determine the vessel posi-
tion with higher accuracy, the feature points on the respective
straight lines 131, 132 in the B-mode image may be rese-
lected, the respective straight lines 131, 132 may be recalcu-
lated using e.g. the least-square method based on the rese-
lected feature points, and the center line C and the radius R
may be decided based on the recalculated straight lines 131,
132.

[0253] The vessel function measurement part 3260 per-
forms measurements of given vessel function information.
Specifically, the part performs measurements of vessel func-
tion information of the measurement of the vessel diameter,
IMT, etc. of the vessel specified by the detected vessel posi-
tion, measurements of the pulse wave propagation velocity
and the hardness index value of the vessel wall, the estimation
calculation of blood pressure from vessel diameter fluctua-
tions by tracking the vessel anterior wall and the vessel pos-
terior wall, and the calculation of the pulse rate.

[0254] The memory unit 3300 is realized by a memory
device such as ROM, RAM, or hard disk, stores programs,
data, etc. for integrated control of the ultrasonic measuring
apparatus 3010 by the processing unit 3200 and used as a
work area of the processing unit 3200, and calculation results
executed by the processing unit 3200, operation data from the
operation input unit 3110, etc., are temporarily stored therein.
In FIG. 24, the part corresponds to the storage medium 3026
mounted on the control board 3022. In the embodiment, as
shown in FIG. 34, an ultrasonic measurement program 3310,
B-mode image data 3320, feature point data 3330, set of
feature points data 3340, evaluation criterion data 3350, and
vessel position data 3360 are stored in the memory unit 3300.
[0255] TheB-modeimage data3320 stores B-mode images
generated with respect to each measurement frame associated
with frame IDs.

[0256] The feature point data 3330 is generated with
respect to each detected feature point and stores position
coordinates and velocity vectors in the B-mode images in the
respective frames.

[0257] Theset of feature points data 3340 is generated with
respect to each set of feature points. Since one pair of straight
lines are defined by a set of feature points, the set of feature
points data 3340 contains a first feature point list 3341 of the
position coordinates of the feature points p31, p32 used for
obtaining one straight line 131 of the pair of straight lines, a
first line position 3342 defining the one straight line 131, a
second feature point list 3343 of the position coordinates of
the feature points p33, p34 used for obtaining the other
straight line 132, and a second line position 3344 defining the
other straight line 132. Further, the set of feature points data
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3340 stores evaluation data 3345 used for the evaluation of
the set of feature points (in other words, may be referred to as
“evaluation of pair of straight lines™). The first line position
3342 and the second line position 3344 store the parameters
a, f in the corresponding definitional equation of straight line
(4). The evaluation data 3345 stores evaluation object data
and evaluation values for the respective plurality of evalua-
tion items and comprehensive evaluation values.

[0258] The evaluation criterion data 3350 stores evaluation
criteria (probability density functions h31 to h34, the feature
image 3054, etc.) for the respective plurality of evaluation
items and the weight coefficients a31 to a35.

[0259] The vessel position data 3360 is data of the detected
vessel position and stores e.g., the position coordinates of the
center line C of the long-axis section and the radius R of the
vessel.

Flow of Processing

[0260] FIG. 35 is a flowchart for explanation of the ultra-
sonic measuring processing in the third embodiment. The
processing is realized by the processing unit 3200 executing
the ultrasonic measurement program 3310.

[0261] The processing unit 3200 first starts an ultrasonic
measurement using the ultrasonic probe 3016 (step S3001).
Then, the measurement data generation part 3220 generates a
B-mode image based on received signals of ultrasonic
reflected wave by the ultrasonic probe 3016 (step S3003).
Subsequently, the feature point detection part 3231 extracts
feature points from the B-mode image (step S3005). Then, the
velocity vector calculation part 3232 calculates velocity vec-
tors of the respective extracted feature points (step S3007).
[0262] Then, the processing of loop A is repeated in a
predetermined number of times. In the loop A, the set of
feature points generation part 3233 selects four feature points
from the previously extracted feature points and generates a
set of feature points (step S3009). Then, the part selects two
feature points p31, p32 in the shallower depth positions of the
selected four feature points, obtains the parameters a, § of the
straight line passing through the points, and calculates the
first straight line 131 (step S3011). Further, the part selects
two feature points p33, p34 in the deeper depth positions of
the selected four feature points, obtains the parameters c., f of
the straight line passing through the points, and calculates the
second straight line 132 (step S3013).

[0263] Then, whether or not the pair of straight lines of the
calculated two straight lines 131, 132 satisfy a predetermined
vessel section condition regarded as a corresponding shape of
the section of the vessel in the long-axis direction. The vessel
section condition is e.g., “the two straight lines 131, 132 are
nearly in parallel (the parameters o are nearly equal) and the
distance between the straight lines 131, 132 is equal to or less
than a predetermined distance”. If the pair of straight lines do
not satisfy the vessel section condition (step 53015: NO), the
points are not employed as the set of feature points and
deleted (step S3019). On the other hand, if the pair of straight
lines satisfy the vessel section condition (step S3015: YES),
the set of feature points are employed and the set of feature
points evaluation part 3240 calculates a comprehensive
evaluation value F of the set of feature points (step S3017).
[0264] For calculation of the comprehensive evaluation
value F, the number of on-straight lines feature points evalu-
ation part 3241 obtains the number s of feature points located
on the respective straight lines 131, 132 in the B-mode image
and probability density obtained from the probability density
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function h31(s) based on the obtained number s of feature
points isused as the evaluation value £31 of the first evaluation
item. Further, the position change evaluation part 3242
obtains an average velocity vc as an average of displacement
velocities Vi of the respective feature points q located on the
respective straight lines 131, 132 in the B-mode image and
probability density obtained from the probability density
function h32(ve) based on the obtained average velocity vc is
used as the evaluation value f32 of the second evaluation item.
Furthermore, the luminance evaluation part 3243 obtains an
average value of luminance L of the respective feature points
q located on the respective straight lines 131, 132 in the
B-mode image and probability density obtained from the
probability density function h33(Lc) based on the obtained
average luminance Lc is used as the evaluation value £33 of
the third evaluation item. Further, the number of between-
straight lines feature points evaluation part 3244 obtains the
number u of the feature points r located between the straight
lines 131, 132 in the B-mode image and probability density
obtained from the probability density function h34(u) based
on the obtained number u of feature points is used as the
evaluation value {34 of the fourth evaluation item. Further-
more, the feature quantity evaluation part 3245 compares the
partial image 3052 around an assumed circle 3050 in the
B-mode image with the feature image 3054 and calculates a
degree of approximation of the images, and the calculated
degree of approximation is used as the evaluation value £35 of
the fifth evaluation item. Then, the set of feature point evalu-
ation part 3240 multiplies the calculated evaluation values
31 to 35 of the respective evaluation items by the corre-
sponding weight coefficients a31 to a35 and adds up them,
and thereby, calculates a comprehensive evaluation value F.
The loop A is performed in the above described manner.
[0265] When the processing of the loop A at the predeter-
mined number of times is ended, the vessel position determi-
nation part 3250 determines the set of feature points having
the maximum comprehensive evaluation value F from all sets
of feature points (step S3021). Then, the plurality of feature
points located on the respective straight lines 131, 132 of the
pair of straight lines by the determined set of feature points
are reselected (step S3023), the parameters of the respective
straight lines 131, 132 are recalculated by the least-square
method using the positions of the reselected feature points,
and the position of the respective straight lines 131, 132 is
recalculated (step S3025). Then, the center line C and the
radius R in the long-axis section of the vessel are decided
from the recalculated position of the respective straight lines
131, 132 and the vessel position is obtained (step S3027).
[0266] Then, the vessel function measurement part 3260
performs a measurement of given vessel function information
using the transmission and reception results of ultrasonic
wave by the ultrasonic probe 3016, and stores and displays the
measured vessel (step S3029). This is the end of the ultrasonic
measurement processing.

Advantages

[0267] As described above, according to the third embodi-
ment, the combination of the feature points such that the
positions of the feature points in the ultrasonic image may
have a location relationship along the section shape of the
vessel in the long-axis direction is selected, and the position
of the vessel is determined using the evaluation result of the
selected combination. In the ultrasonic image containing the
section of the vessel in the long-axis direction, there is a
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characteristic that many feature points appear along the pair
of straight lines as the section shape of the vessel. Thereby, a
new technology of detecting the position of the vessel from
the location relationship of the positions of the feature points
in the ultrasonic image may be realized.

[0268] Note that, in the third embodiment, four feature
points p31 to p34 form the set of feature points, however, five
or more feature points may form the set of feature points. That
is, as the straight lines 131, 132 corresponding to the position
of the vessel wall, straight lines passing through three or more
feature points may be obtained. Further, not the straight lines
131, 132, but curved lines allowing a little curve having a
curvature equal to or less than a fixed value may be employed.
Furthermore, a thickness may be additionally defined for the
straight lines 131, 132 and the straight lines 131, 132 may be
regarded as elongated rectangles. The additional definition of
thickness may include curved lines allowing curvature to
some degree.

[0269] Further, as the evaluation items for evaluation of the
set of feature points, the five evaluation items are explained as
an example, however, it is not necessary to use all evaluation
items for determination of the comprehensive evaluation
value F. Of the five evaluation items, one or more selected
evaluation items may be used for determination of the com-
prehensive evaluation value F. Or, other evaluation items may
be used.

[0270] As described above, the embodiments of the inven-
tion are explained in detail, however, a personskilled in the art
could readily understand that many modifications may be
made without substantially departing from the new matter
and the effects of the invention. Therefore, such modified
examples may fall within the range of the invention.

[0271] Theentire disclosure of Japanese Patent Application
No.2014-075750 filed on Apr. 1,2014 and No. 2014-257683
filedonDec. 19,2014 are expressly incorporated by reference
herein.

1-20. (canceled)
21. An ultrasonic measuring apparatus comprising:

an ultrasonic measurement unit that transmits and receives
ultrasonic wave with respect to a vessel and acquires an
ultrasonic image containing a section in a short-axis
direction of the vessel;

a feature point extraction unit that extracts feature points
from the ultrasonic image;

a combination selection unit that selects a combination of
feature points in which positions of the feature points
have a location relationship along a section shape of the
vessel in the short-axis direction; and

a position determination unit that determines a position of
the vessel using the combination.

22. The ultrasonic measuring apparatus according to claim
21, wherein a contour position of a shape corresponding to the
section of the vessel in the short-axis direction is estimated
based on the location relationship with respect to the combi-
nation, and the position of the vessel is determined by calcu-
lation of probabilities of the contour position representing a
position of a vessel wall of the vessel based on the contour
position and the feature points.

23. The ultrasonic measuring apparatus according to claim
22, wherein a first of the probabilities is calculated using a
number of the feature points located along the contour posi-
tion.
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24. The ultrasonic measuring apparatus according to claim
22, wherein a second of the probabilities is calculated using
position changes of the feature points located along the con-
tour position.

25. The ultrasonic measuring apparatus according to claim
22, wherein a third of the probabilities is calculated using
luminance of the feature points located along the contour
position.

26. The ultrasonic measuring apparatus according to claim
22, wherein a fourth of the probabilities is calculated using a
number of the feature points located inside the contour posi-
tion.

27. The ultrasonic measuring apparatus according to claim
22, wherein a fifth of the probabilities is calculated by com-
parison between a predetermined feature image that may be
contained outside the vessel and an external image part of the
contour position of the ultrasonic image.

28. The ultrasonic measuring apparatus according to claim
21, wherein the position determination unit determines a
scanning line passing through a center of the vessel of a
plurality of scanning lines with respect to transmission and
reception of the ultrasonic wave using the combination.

29. The ultrasonic measuring apparatus according to claim
28, wherein the combination selection unit selects the com-
bination of feature points in terms of scanning lines.

30. The ultrasonic measuring apparatus according to claim
29, wherein the feature point extraction unit extracts adven-
titia positions and lumen-intima boundary positions with
respect to an anterior wall and a posterior wall as feature
points, and the position determination unit evaluates lumi-
nance of the respective feature points contained in the com-
bination by a predetermined evaluation calculation, and
specifies a scanning line with respect to the combination
receiving a highest evaluation as a scanning line passing
through the center of the vessel.

31. The ultrasonic measuring apparatus according to claim
21, wherein the vessel is an artery.

32. The ultrasonic measuring apparatus according to claim
21, further comprising a measurement unit that measures a
predetermined vessel function of the vessel detected by the
position determination unit.

33. An ultrasonic measuring apparatus comprising:

an ultrasonic measurement unit that transmits and receives
ultrasonic wave with respect to a vessel and acquires an
ultrasonic image containing a section in a long-axis
direction of the vessel;

a feature point extraction unit that extracts feature points
from the ultrasonic image;

a combination selection unit that selects a combination of
feature points in which positions of the feature points
have a location relationship along a section shape of the
vessel in the long-axis direction; and

a position determination unit that determines a position of
the vessel using the combination.

34. The ultrasonic measuring apparatus according to claim
33, wherein a pair of straight lines corresponding to a section
shape of the vessel in the long-axis direction is set in the
ultrasonic image based on the location relationship with
respect to the combination, probabilities of the pair of straight
lines representing a position of a vessel wall of the vessel are
calculated based on the pair of straight lines and the feature
points, and the position of the vessel is determined using the
probabilities and the combination.
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35. The ultrasonic measuring apparatus according to claim
34, wherein the calculation of the probabilities includes a
calculation of a first of the probabilities using a number of the
feature points located along the pair of straight lines.

36. The ultrasonic measuring apparatus according to claim
34, wherein the calculation of the probabilities includes a
calculation of a second of the probabilities using position
changes of the feature points located along the pair of straight
lines.

37. The ultrasonic measuring apparatus according to claim
34, wherein the calculation of the probabilities includes a
calculation of a third of the probabilities using luminance of
the feature points located along the pair of straight lines.

38. The ultrasonic measuring apparatus according to claim
34, wherein the calculation of the probabilities includes a
calculation of a fourth of the probabilities using a number of
the feature points located between the pair of straight lines.

39. The ultrasonic measuring apparatus according to claim
34, wherein the calculation of the probabilities includes a
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calculation of a fifth of the probabilities by comparison
between a predetermined feature image that may be con-
tained outside the vessel and an external image part of the pair
of straight lines of the ultrasonic image.

40. The ultrasonic measuring apparatus according to claim
33, further comprising a measurement unit that measures a
predetermined vessel function of the vessel detected by the
position determination unit.

41. An ultrasonic measuring method of determining a ves-
sel position from an ultrasonic image containing a section of
avessel in a short-axis direction or a long-axis direction using
a computer, comprising;

extracting feature points from the ultrasonic image;

selecting a combination of feature points in which posi-

tions of the feature points have a location relationship
along a section shape of the vessel in the short-axis
direction or the long-axis direction; and

determining a position of the vessel using the combination.

* ok %k
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