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(7) ABSTRACT

A streak image enhancing unit subjects an ultrasound image
representing a blood vessel to processing using a two-
dimensional filter that is longer in the long axis direction of
the blood vessel than in the short axis direction thereof so as
to enhance a streak image corresponding to the long axis
direction. A trace line candidate extracting unit extracts from
the ultrasound image with the enhanced streak image a
plurality of trace line candidates on the basis of the output
values of the two-dimensional filter. A trace line selecting
unit selects two trace lines corresponding to the inner
boundary of the tunica intima and the boundary between the
tunica media and the tunica externa of the blood vessel out
of the plurality of trace line candidates on the basis of an
evaluation value relating to continuity acquired for each
trace candidate.
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ULTRASOUND DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasound
diagnostic apparatus, and in particular to an ultrasound
diagnostic apparatus which diagnoses a blood vessel.

BACKGROUND

[0002] An ultrasound diagnostic apparatus is an apparatus
which forms an ultrasound image based on reception data
obtained by transmitting and receiving ultrasound, and dis-
plays the formed ultrasound image. In general, the ultra-
sound diagnostic apparatus has a plurality of operation
modes (such as a B mode, a Doppler mode, etc.). Further,
there is known an ultrasound diagnostic apparatus which has
a plurality of measurement functions. An example of such a
measurement function is a function of blood vessel mea-
surement, and, for example, an IMT measurement of ultra-
sound is a representative example of blood vessel measure-
ment.

[0003] The IMT measurement is a measurement targeted
to a blood vessel such as, for example, a carotid artery, and
is targeted to an Intima-Media Thickness of a blood vessel
wall. The blood vessel wall has a three-layer structure
including an intima, a media, and an adventitia, viewed in
that order from the side of a bloodstream. In the IMT
measurement, a thickness of a combined structure of the
intima and the media (intima-media thickness, or IMT) is
measured.

[0004] For example, Patent Document 1 discloses an
invention related to the IMT measurement by an ultrasound
diagnostic apparatus. Specifically, Patent Document 1 dis-
closes an invention in which a region of interest including a
blood vessel in an ultrasound image is divided into three
regions including an inner cavity region of the blood vessel,
an intima-media region, and an adventitia region by an inner
cavity side dividing line and an adventitia side dividing line;
an inner cavity side boundary is extracted in a range limited
to the inner cavity side from the inner cavity side dividing
line; an adventitia side boundary is extracted in a range
limited to the adventitia side from the adventitia side divid-
ing line; and the intima-media thickness is measured based
on a distance between the inner cavity side boundary and the
adventitia side boundary.

CITATION LIST

Patent Literature

[0005] Patent Document 1: JP 5713896 B
SUMMARY
Technical Problem
[0006] The invention of Patent Document 1 is an epoch-

making invention which can suppress influences of noise in
a boundary extraction operation of the IMT measurement.
The present inventors have researched and developed a
further improvement of the epoch-making invention.

[0007] An advantage of the present disclosure lies in
provision of an improved technique for identifying a tunica
boundary of a blood vessel in the ultrasound image.
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Solution to Problem

[0008] According to one aspect of the present disclosure,
there is provided an ultrasound diagnostic apparatus com-
prising: an enhancement processor that enhances, in an
ultrasound image showing a cross section of a blood vessel,
a streak image corresponding to a long-axis direction of the
blood vessel by a process using a two-dimensional filter
which is longer in the long-axis direction than a short-axis
direction of the blood vessel; a candidate extractor that
extracts a plurality of trace line candidates which are can-
didates of a tunica boundary of the blood vessel in the
ultrasound image in which the streak image is enhanced,
based on an output value of the two-dimensional filter; and
a boundary selector that selects two trace lines correspond-
ing to an intima inner side boundary and a media-adventitia
boundary of the blood vessel from among the plurality of
trace line candidates, based on an evaluation value related to
continuity, obtained for each of the trace line candidates.
[0009] In an ultrasound image showing a cross section of
a blood vessel, an intima inner side boundary of the blood
vessel (boundary between the bloodstream and the intima)
and the media-adventitia boundary (boundary between the
media and the adventitia) have relatively high brightnesses.
Thus, these tunica boundaries (the intima inner side bound-
ary and the media-adventitia boundary) can be identified
based on a brightness difference with a peripheral bright-
ness, for example. However, in the ultrasound image, noise
such as a speckle also has a high brightness, and becomes an
obstruction for identifying the tunica boundary.

[0010] In consideration of this, for example, in order to
reduce the influence of the noise, the ultrasound diagnostic
apparatus of the above-described structure enhances a streak
image corresponding to the long-axis direction, by a process
using a two-dimensional filter which is longer in the long-
axis direction than a short-axis direction of the blood vessel.
Because the tunica boundary of the blood vessel (the intima
inner side boundary and the media-adventitia boundary) is a
streak-form image approximately continuous in the long-
axis direction, first, the streak image which is a candidate for
the tunica boundary is enhanced. Because the two-dimen-
sional filter is longer in the long-axis direction than in the
short-axis direction, the streak image corresponding to the
long-axis direction is more actively enhanced. With this
process, the influence of noise or the like is relatively
reduced.

[0011] In addition, the ultrasound diagnostic apparatus of
the above-described structure extracts a plurality of trace
line candidates which are candidates of the tunica boundary
of the blood vessel in the ultrasound image in which the
streak image is enhanced. Because the streak image corre-
sponding to the long-axis direction is enhanced and the
influence of the noise or the like is relatively reduced, an
extraction precision for the plurality of trace line candidates
which are candidates for the tunica boundary along the
long-axis direction can be improved.

[0012] Further, according to the ultrasound diagnostic
apparatus of the above-described structure, even if a trace
line candidate different from the tunica boundary is included
in the plurality of extracted trace line candidates, two trace
lines corresponding to the intima inner side boundary and
the media-adventitia boundary are selected based on an
evaluation value related to continuity, obtained for each of
the trace line candidates. For example, from the plurality of
trace line candidates, two trace line candidates having rela-
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tively superior continuity are selected as two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary.

[0013] In this manner, according to the ultrasound diag-
nostic apparatus of the above-described structure, two trace
lines corresponding to the intima inner side boundary and
the media-adventitia boundary are selected by enhancement
of the streak image in the ultrasound image using the
two-dimensional filter, extraction of a plurality of trace line
candidates in the ultrasound image in which the streak image
is enhanced, and selection based on the evaluation value
related to the continuity, obtained for each of the trace line
candidates. Therefore, in the ultrasound image showing the
cross section of the blood vessel, it becomes possible to
identify two trace lines corresponding to the intima inner
side boundary and the media-adventitia boundary of the
blood vessel with a very high level of precision. For
example, by executing the IMT measurement using two
trace lines thus identified, it becomes possible to dramati-
cally improve the precision of the IMT measurement.
[0014] According to another aspect of the present disclo-
sure, the enhancement processor enhances, by a process
using the two-dimensional filter which is tilted at a plurality
of angles with respect to the long-axis direction of the blood
vessel, the streak image corresponding to the plurality of
angles.

[0015] According to another aspect of the present disclo-
sure, a length of the two-dimensional filter in the short-axis
direction is shorter than a distance from the intima inner side
boundary of the blood vessel to the media-adventitia bound-
ary

[0016] According to another aspect of the present disclo-
sure, the candidate extractor identifies, in the ultrasound
image in which the streak image is enhanced, a plurality of
maxima pixels in which the output value of the two-
dimensional filter is a maximum, and connects a plurality of
the maxima pixels which are in an adjacent relationship, to
form each of the trace line candidates.

[0017] According to another aspect of the present disclo-
sure, the boundary selector sets, as the evaluvation value and
for each of the trace line candidates, an accumulated value
in which the output values of the two-dimensional filter
related to a plurality of pixels of the trace line candidate are
accumulated, and selects, from among the plurality of trace
line candidates, two trace line candidates from the largest of
the accumulated value as two trace lines corresponding to
the intima inner side boundary and the media-adventitia
boundary of the blood vessel.

[0018] According to another aspect of the present disclo-
sure, the ultrasound diagnostic apparatus calculates a dis-
tance between the two selected trace lines, and searches, in
a search region including a position distanced from one trace
line of the two trace lines toward a side of the other trace line
by the distance, at least one trace line candidate to be added
to the other trace line from among the plurality of trace line
candidates.

Advantageous Effects of Invention

[0019] According to the present disclosure, an improved
technique for identifying the tunica boundary of the blood
vessel in the ultrasound image is provided. For example,
according to a desirable configuration of the present disclo-
sure, in the ultrasound image showing the cross section of
the blood vessel, two trace lines corresponding to the intima
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inner side boundary and the media-adventitia boundary of
the blood vessel can be identified with a very high level of
precision.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a diagram showing a specific example of
an ultrasound diagnostic apparatus desirable in the present
disclosure.

[0021] FIG. 2 is a diagram showing a specific example of
an ultrasound image used for IMT measurement.

[0022] FIG. 3 is a diagram showing a specific example of
a two-dimensional filter.

[0023] FIG. 4 is a diagram showing a specific example of
an ultrasound image in which a streak image is enhanced.
[0024] FIG. 5 is a diagram showing a specific example of
a plurality of trace line candidates.

[0025] FIG. 6 is a diagram showing a specific example of
two selected trace lines.

[0026] FIG. 7 is a diagram showing a search example of
an additional trace line candidate.

[0027] FIG. 8 is a diagram showing a specific example of
a trace line to which an interpolation process is applied.
[0028] FIG. 9 is a diagram showing a specific example of
a trace line to which a smoothening process is applied.
[0029] FIG. 10 is a diagram showing a specific example of
a display image displaying two trace lines.

DESCRIPTION OF EMBODIMENTS

[0030] FIG. 1 is a diagram showing a specific example of
an ultrasound diagnostic apparatus according to an embodi-
ment of the present disclosure. The ultrasound diagnostic
apparatus of FIG. 1 has a function of an IMT (Intima-Media
Thickness) measurement of a blood vessel. A probe 10 is an
ultrasound probe which transmits and receives ultrasound to
and from a diagnosis region including the blood vessel (for
example, a carotid artery) which is a target of the IMT
measurement. The probe 10 comprises a plurality of trans-
ducer elements. The plurality of transducer elements are
electrically controlled to be scanned, for example, to scan an
ultrasound beam in a space including the diagnosis target.
The probe 10 is, for example, held by a user (inspector) such
as a doctor, an inspection technician, or the like, and is used
in contact with a body surface of a subject. In the IMT
measurement targeted to the carotid artery, as the probe 10,
for example, a linear ultrasound probe (linear probe) is
desirable. Alternatively, according to the measurement target
and the measurement contents, a probe 10 of a type such as
a convex type or a sector type may be used.

[0031] A transmission and reception unit 12 outputs a
transmission signal corresponding to each of the plurality of
transducer elements of the probe 10, to form a transmission
beam of ultrasound, and scans the transmission beam. In
addition, the transmission and reception unit 12 applies a
phasing addition process or the like on a reception signal
obtained from each of the plurality of the transducer ele-
ments of the probe 10, to form a reception beam correspond-
ing to the scanned transmission beam, and outputs echo data
(reception signal) obtained along the reception beam. In
other words, the transmission and reception unit 12 has
functions of a transmission beam former and of a reception
beam former. Alternatively, the echo data (reception signal)
may be obtained using a transmission and reception tech-
nique such as transmission aperture synthesis.
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[0032] An image former 20 forms data of an ultrasound
image (cross-sectional data) based on the reception signal of
the ultrasound obtained from within a scanning plane. Spe-
cifically, the cross-sectional data is formed based on line
data of a plurality of lines corresponding to a plurality of
ultrasound beams formed within the scanning plane by the
scanning. The image former 20 forms the cross-sectional
data for a B mode image showing a long-axis cross section
of the blood vessel by applying, for example, a wave
detection process, a filter process, an AD conversion pro-
cess, or the like, on the reception signal of the ultrasound.
Alternatively, the wave detection process, the filter process,
the A/D conversion process, or the like on the reception
signal of the ultrasound may be executed at the transmission
and reception unit 12.

[0033] An ROI setter 22 sets a region of interest (ROI) in
image data of the ultrasound image formed by the image
former 20. The ROI setter 22 sets, for example, a quadran-
gular region of interest showing a measurement range of the
IMT measurement in the image data of the long-axis cross
section of the blood vessel. A position in the image where the
region of interest is to be set is determined, for example, by
a user such as the doctor or the inspection technician
operating an operation device 90. In addition, a size of the
region of interest may be fixed, or may be changeable by the
user operating the operation device 90.

[0034] A streak image enhancement processor 30
enhances a streak image corresponding to the long-axis
direction in the ultrasound image showing the long-axis
cross section of the blood vessel. A trace line candidate
extractor 40 extracts a plurality of trace line candidates
which are candidates for a tunica boundary of the blood
vessel, in the ultrasound image in which the streak image is
enhanced. A trace line selector 50 selects two trace lines
corresponding to an intima inner side boundary and a
media-adventitia boundary of the blood vessel from among
a plurality of trace line candidates, based on an evaluation
value related to continuity, obtained for each of the trace line
candidates. An interpolation processor 60 executes an inter-
polation process on the trace line. The processes executed by
the units from the streak image enhancement processor 30 to
the interpolation processor 60; that is, the process for
identifying the intima inner side boundary and the media-
adventitia boundary of the blood vessel in the long-axis
cross section of the blood vessel, will be described in more
detail later.

[0035] An IMT measurement unit 70 calculates a mea-
surement value of the IMT based on the intima inner side
boundary and the media-adventitia boundary identified by
the processes from the streak image enhancement processor
30 to the interpolation processor 60. In the IMT measure-
ment, the intima-media thickness (IMT) is measured, which
is a thickness of a combined structure of the intima and the
media of a blood vessel wall of the blood vessel which is the
measurement target.

[0036] The IMT measurement unit 70 measures the IMT
in the region of interest (ROI) for the IMT measurement.
The region of interest is set, for example, for a posterior wall
of the blood vessel, and the IMT measurement unit 70
calculates, as the IMT measurement value of the posterior
wall, a distance between the intima inner side boundary and
the media-adventitia boundary, based on the intima inner
side boundary (boundary between the bloodstream and the
intima) identified in the posterior wall of the blood vessel in
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the region of interest, and the media-adventitia boundary
(boundary between the media and the adventitia) identified
in the same posterior wall. For example, an average of the
distance between the intima inner side boundary and the
media-adventitia boundary in the region of interest is cal-
culated as the IMT measurement value. Alternatively, the
region of interest may be set for an anterior wall of the blood
vessel, and the IMT of the anterior wall may be measured.
Further alternatively, the region of interest may be set for
both the anterior and posterior walls, and the IMT measure-
ment values for both the anterior and posterior walls may be
calculated.

[0037] A display processor 80 forms a display image for
the IMT measurement based on the cross-sectional data
(image data of the ultrasound image) obtained from the
image former 20 and the IMT measurement value obtained
from the IMT measurement unit 70. The display image
formed by the display processor 80 is displayed on a display
82.

[0038] A controller 100 comprehensively controls the
ultrasound diagnosis apparatus of FIG. 1. In the compre-
hensive control by the controller 100, instructions received
from the user such as the doctor or the inspection technician
through the operation device 90 are also reflected.

[0039] Of the structures shown in FIG. 1 (portions to
which the reference numerals are assigned), the transmission
and reception unit 12, the image former 20, the ROI setter
22, the streak image enhancement processor 30, the trace
line candidate extractor 40, the trace line selector 50, the
interpolation processor 60, the IMT measurement unit 70,
and the display processor 80 can be realized using hardware
such as, for example, an electric or electronic circuit, a
processor, or the like, and in realization of these structures,
a device such as a memory may be used as necessary.
Alternatively, at least a portion of the functions correspond-
ing to the above-described units may be realized by a
computer. That is, at least a portion of the functions corre-
sponding to the above-described units may be realized by
cooperation of hardware such as a CPU, a processor, and a
memory, and software (program) which defines an operation
of the CPU, and the processor.

[0040] A desirable specific example of the display 82 is a
liquid crystal monitor or the like. The operation device 90
can be realized, for example, by at least one of a mouse, a
keyboard, a trackball, a touch panel, and other switches. The
controller 100 may be realized, for example, by cooperation
of hardware such as the CPU, the processor, and the
memory, and software (program) which defines an operation
of the CPU and the processor.

[0041] The overall structure of the ultrasound diagnostic
apparatus of FIG. 1 has been described. Next, a process for
identifying tunica boundaries (the intima inner side bound-
ary and the media-adventitia boundary) realized by the
ultrasound diagnostic apparatus of FIG. 1 will be described
in detail. The structures (portions) shown in FIG. 1 will be
described with the reference numerals assigned in FIG. 1.

[0042] FIG. 2 is a diagram showing a specific example of
an ultrasound image used in the IMT measurement. The
ultrasound image of FIG. 2 is a specific example of image
data (cross-sectional data) formed by the image former
based on echo data (reception signal) obtained using the
probe 10 of the linear scanning type. The image former 20
forms image data of the ultrasound image for each frame.
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[0043] The ultrasound image of FIG. 2 shows a cross
section of a blood vessel (for example, the carotid artery). In
the IMT measurement, an ultrasound image is desirable
which is formed such that the long-axis direction of the
blood vessel is set to a left-and-right direction of the image
(lateral direction). The ultrasound image is formed based on
the echo data (reception signal) corresponding to the plu-
rality of ultrasound beams having an up-and-down direction
of the image as a beam direction (depth direction).

[0044] FIG. 2 shows a region of interest (ROI) which is set
in the ultrasound image by the ROI setter 22. In the specific
example shown in FIG. 2, a quadrangular (rectangular)
region of interest (ROI) is set for the posterior wall of the
blood vessel.

[0045] The streak image enhancement processor 30
enhances a streak image corresponding to the long-axis
direction by a process using a two-dimensional filter which
is longer in the long-axis direction of the blood vessel than
in the short-axis direction, in the region of interest (ROI)
which is set in the ultrasound image showing the long-axis
cross section of the blood vessel. The two-dimensional filter
is desirably a filter which reduces a responsiveness to a fine
brightness change such as the noise, and increases a respon-
siveness to a horizontally long shape; that is, a shape long in
the long-axis direction, so that the filter can enhance the
horizontally long streak image while suppressing the influ-
ences of the noise or the like.

[0046] FIG. 3 is a diagram showing a specific example of
the two-dimensional filter. FIG. 3 shows a two-dimensional
filter which is based on a Sobel filter, and in which a lateral
width (width in the left-and-right direction of FIG. 2), a
vertical width (width in the up-and-down direction of FIG.
2), and an angle of the filter can be adjusted.

[0047] InFIG. 3, the two-dimensional filter has a window
represented by a plurality of squares two-dimensionally
arranged in the lateral direction (long-axis direction of the
blood vessel) and the vertical direction (short-axis direction
of the blood vessel), with a numerical value in each square,
(-1, 0, 1), representing a filter coeflicient. Each square is
correlated to each pixel in the image. A filter coeficient of
a center position (C) of the two-dimensional filter is 0 (zero).
A pixel value of the pixel corresponding to a position of each
square of the two-dimensional filter is multiplied by a filter
coeflicient, (-1, 0, 1), corresponding to the square, and the
products of all squares of the two-dimensional filter are
added, to obtain a filter output value related to the pixel
corresponding to the center position (C).

[0048] In the specific example of FIG. 3, a lateral width at
half maximum of the two-dimensional filter is, for example,
desirably about 1.0 mm (about a few tens of pixels), and a
left lateral width at half maximum and a right lateral width
at half maximum are desirably the same length. Further, a
vertical width at half maxinum of the two-dimensional filter
is, for example, desirably about 0.1 mm (about a few pixels),
and an upper vertical width at half maximum and a lower
vertical width at half maximum are desirably the same
length.

[0049] Moreover, in the specific example of FIG. 3, the
two-dimensional filter is tilted at a plurality of angles with
respect to the long-axis direction of the blood vessel. Spe-
cifically, with the center position (C) of the two-dimensional
filter as a center of rotation, the two-dimensional filter is
tilted at, for example, three rotational angles, 0° and +5°
with respect to the long-axis direction (left-and-right direc-
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tion of FIG. 2) of the blood vessel. With this configuration,
three filter output values related to the pixel corresponding
to the center position (C) of the two-dimensional filter are
obtained, and a total of the three filter output values is set as
a final filter output value. Alternatively, a maximum value of
the filter output values corresponding to the three rotational
angles may be output as the final filter output value. With
regard to the rotational angles of the two-dimensional filter,
it is desirable that the angle is within 10° in absolute value.
Further, the number of angles is not limited to three, and may
be, for example, two, or four or more.

[0050] The parameters related to the two-dimensional
filter (the lateral width at the half maximum, the vertical
width at the half maximum, and the rotational angle) are
desirably determined based on experiments, for example, so
that the trace line candidates extracted by the trace line
candidate extractor 40 later are extracted at a maximum
possible distance without disconnection at an eight-nearby
connection. A vertical length (a total length in the vertical
direction) of the two-dimensional filter is desirably set to a
length in which not both the intima and the media of the
blood vessel are included.

[0051] The streak image enhancement processor 30
obtains filter output values of all pixels in the region of
interest (ROI) by applying the two-dimensional filter corre-
sponding to the three angles on each of the pixels in the
region of interest (ROI). For example, the two-dimensional
filter is rotated at five angles at a position of each pixel to be
processed, to calculate a filter output value for each angle.
Alternatively, three two-dimensional filters may be prepared
in advance, corresponding to the three angles, and the three
two-dimensional filters may be applied to each pixel to be
processed, to calculate the filter output value. With this
process, the streak image corresponding to the long-axis
direction of the blood vessel is enhanced. Because the
two-dimensional filter corresponding to the three angles is
used, for example, a streak image corresponding to a tunica
surface (tunica boundary) having a very small angle (0° and
£5°) with respect to the long-axis direction can also be
enhanced.

[0052] FIG. 4 is a diagram showing a specific example of
an ultrasound image in which the streak image is enhanced.
FIG. 4 shows an image visualizing filter output values of the
two-dimensional filter related to all pixels in the region of
interest (ROI) which is set for the posterior wall of the blood
vessel. Specifically, a grayscale image is shown in which
pixels having smaller filter output values are represented
with lower brightnesses (brightness near black) and pixels
having higher filter output values are represented with
higher brightnesses (brightness near white). With the use of
the two-dimensional filter of FIG. 3, the image of FIG. 4 can
be obtained in which the streak image near the tunica in the
blood vessel wall is enhanced without fine noise being
enhanced.

[0053] The trace line candidate extractor 40 extracts a
plurality of trace line candidates which are candidates for the
tunica boundaries of the blood vessel in the ultrasound
image in which the streak image is enhanced. The trace line
candidate extractor detects, for example, in the image shown
in FIG. 4, a maxima position (peak position) of the filter
output value for each line formed by a plurality of pixels
arranged in one line in the up-and-down direction (depth
direction). That is, a position, on each line where the filter
output value changes from increasing to decreasing is
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detected. In some cases, a plurality of maxima positions
(peak positions) may be detected on one line.

[0054] FIG. 5 is a diagram showing a specific example of
the plurality of trace line candidates. FIG. 5 shows a
binarized image in which, in the image of FIG. 4, the
plurality of pixels corresponding to the maxima positions
detected on a plurality of lines are represented with a high
brightness (white) and pixels other than the maxima posi-
tions are represented by a low brightness (black). In the
image of FIG. 5, each trace line candidate is formed from a
plurality of pixels of high brightness continuous by eight-
nearby connection (connection with eight pixels adjacent at
upper, lower, left, right, and diagonal positions). The image
of FIG. 5 includes a plurality of trace line candidates of
various lengths. For the plurality of extracted trace line
candidates, labeling is executed. That is, identification infor-
mation (such as numbers) is correlated to each trace line
candidate, which differs from those of the other trace line
candidates.

[0055] The trace line selector 50 selects two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary of the blood vessels from among
the plurality of trace line candidates, based on an evaluation
value related to continuity, obtained for each of the trace line
candidates. The trace line selector 50 calculates, for each
trace line candidate, an accumulated value accumulating the
output values of the two-dimensional filter related to the
plurality of pixels of the trace line candidate, and selects, as
two trace lines corresponding to the intima inner side
boundary and the media-adventitia boundary of the blood
vessel, two trace line candidates from the largest of the
accumulated value from among the plurality of trace line
candidates.

[0056] FIG. 6 is a diagram showing a specific example of
the two selected trace lines. FIG. 6 shows two trace lines
selected from the plurality of trace line candidates shown in
FIG. 5. That is, of the plurality of trace line candidates
shown in FIG. 5, FIG. 6 shows two trace line candidates
from the largest of the accumulated value of the output value
of the two-dimensional filter.

[0057] Because the region of interest (ROI) is set on the
posterior wall of the blood vessel, of the two selected trace
line candidates, an upper (at a shallower side) trace line
candidate is identified as a trace line corresponding to the
intima inner side boundary, and a lower (at a deeper side)
trace line candidate is identified as a trace line corresponding
to the media-adventitia boundary. Alternatively, when the
region of interest is set on the anterior wall of the blood
vessel, the upper (at the shallower side) trace line candidate
is identified as the trace line corresponding to the media-
adventitia boundary, and the lower (at the deeper side) trace
line candidate is identified as the trace line corresponding to
the intima inner side boundary.

[0058] Further, the trace line selector 50 searches for a
trace line candidate to be added to the two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary. For the search, first, a distance
between the two selected trace lines is calculated. For
example, an average distance in the up-and-down direction
(depth direction) between the two trace lines shown in FIG.
6 is calculated. Then, an additional trace line candidate is
searched in a search region including positions distanced
from one trace line of the two trace lines toward a side of the
other trace line by the average distance.
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[0059] In the specific example shown in FIG. 6, because
the upper (at the shallower side) trace line; that is, the trace
line corresponding to the intima inner side boundary, is
disconnected at a left side region, a trace line candidate to be
added as the intima inner side boundary is searched in the
left side region.

[0060] FIG. 7 is a diagram showing an example search of
the additional trace line candidate. FIG. 7 shows two trace
lines (FIG. 6) corresponding to the intima inner side bound-
ary and the media-adventitia boundary, and further shows a
search region (quadrangle of a broken line) at the left side
region of the trace line corresponding to the intima inner side
boundary.

[0061] In the specific example of FIG. 7, the search region
is set to include positions distanced from the lower trace
line; that is, the trace line corresponding to the media-
adventitia boundary, toward the side of the trace line corre-
sponding to the intima inner side boundary, by the average
distance described above. A size (lateral width and vertical
width) of the search region may be a fixed value, or the
lateral width of the search region may be adjusted according
to, for example, a length, in the left-and-right direction, of
the portion where the trace line is discontinuous (length of
the portion where the trace line does not exist).

[0062] The trace line selector 50 searches for the addi-
tional trace line candidate in the search region. In the
specific example of FIG. 7, of the plurality of trace line
candidates (FIG. 5), two trace line candidates in the search
region are added as trace lines corresponding to the intima
inner side boundary.

[0063] The interpolation processor 60 executes an inter-
polation process on the two trace lines (including the addi-
tional trace line candidate) corresponding to the intima irner
side boundary and the media-adventitia boundary. The inter-
polation processor 60 interpolates a discontinuous section of
the trace line corresponding to the intima inner side bound-
ary and the additional trace line, by a virtual line (for
example, a straight line).

[0064] FIG. 8 is a diagram showing a specific example of
the trace line to which the interpolation process is applied.
FIG. 8 shows a specific example in which the discontinuous
section of the trace line corresponding to the intima inner
side boundary and the additional trace line shown in FIG. 7
is interpolated by the straight line. If an additional trace line
is searched in relation to the trace line corresponding to the
media-adventitia boundary, a discontinuous section of these
trace lines is also interpolated by a virtual line (for example,
a straight line). The interpolation processor 60 desirably sets
only a discontinuous section of shorter than or equal to a
predetermined length (for example, about 2 mm) as the
interpolation target. Further, it is desirable to not execute the
interpolation process of the trace line at respective ends of
the region of interest (ROI). With this configuration, for
example, rapid elevation (or fall) of the trace line at the ends
of the region of interest can be suppressed. Further, it is
desirable to execute a smoothening process to the trace line
to which the interpolation process is applied.

[0065] FIG. 9 is a diagram showing a specific example of
a trace line to which the smoothening process is applied.
FIG. 9 shows trace line after the smoothening process, in
which a weighted moving average filter by a Gaussian
fanction is applied on the trace line after the interpolation
process is applied (FIG. 8). With the smoothening process,
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two trace lines which are relatively smooth are formed,
corresponding to the original intima inner side boundary and
media-adventitia boundary.

[0066] The IMT measurement unit 70 calculates the IMT
measurement value based on the intima inner side boundary
and the media-adventitia boundary identified by the pro-
cesses from the streak image enhancement processor 30 to
the interpolation processor 60. The IMT measurement unit
70 calculates, based on the two trace lines (FIG. 9) corre-
sponding to the intima inner side boundary and the media-
adventitia boundary identified in the region of interest
(ROI), a distance between these two trace lines as the IMT
measurement value. For example, an average of the distance
between two trace lines in the region of interest is set as the
IMT measurement value.

[0067] The display processor 80 forms a display image in
the IMT measurement based on the cross-sectional data
(image data of the ultrasound image) obtained from the
image former 20 and the IMT measurement value obtained
from the IMT measurement unit 70. The IMT measurement
value is displayed, for example, by numerical values,
graphs, or the like. The display processor 80 may also
display the extraction result of the two trace lines used for
the IMT measurement.

[0068] FIG. 10 is a diagram showing a specific example of
the display image displaying the two trace lines. The display
processor 80 forms the display image displaying, in the
ultrasound image showing the long-axis cross section of the
blood vessel obtained from the image former 20, the region
of interest which is set by the ROI setter 22, and the two
trace lines corresponding to the intima inner side boundary
and the media-adventitia boundary identified by the pro-
cesses from the streak image enhancement processor 30 to
the interpolation processor 60.

[0069] An embodiment of the present disclosure has been
described. The above-described embodiment, however, is
merely exemplary in every aspect, and does not limit the
scope of the present disclosure thereto. The present disclo-
sure includes all modifications and changes within the scope
and spirit of the present disclosure.

REFERENCE SIGNS LIST

[0070] 10 PROBE; 12 TRANSMISSION AND RECEP-
TION UNIT; 20 IMAGE FORMER; 22 ROI SETTER; 30
STREAK IMAGE ENHANCEMENT PROCESSOR; 40
TRACE LINE CANDIDATE EXTRACTOR; 50 TRACE
LINE SELECTOR; 60 INTERPOLATION PROCESSOR;
70 IMT MEASUREMENT UNIT; 80 DISPLAY PROCES-
SOR; 82 DISPLAY; 90 OPERATION DEVICE; 100 CON-
TROLLER.

1. An ultrasound diagnostic apparatus comprising:

an enhancement processor that enhances, in an ultrasound
image showing a cross section of a blood vessel, a
streak image corresponding to a long-axis direction of
the blood vessel by a process using a two-dimensional
filter which is longer in, the long-axis direction than a
short-axis direction of the blood vessel;

a candidate extractor that extracts a plurality of trace line
candidates which are candidates of a tunica boundary
of the blood vessel in the ultrasound image in which the
streak image is enhanced, based on an output value of
the two-dimensional filter; and

a boundary selector that selects two trace lines corre-
sponding to an intima inner side boundary and a
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media-adventitia boundary of the blood vessel from
among the plurality of trace line candidates, based on
an evaluation value related to continuity, obtained for
each of the trace line candidates.
2. The ultrasound diagnostic apparatus according to claim
1, wherein
the enhancement processor enhances, by a process using
the two-dimensional filter which is tilted at a plurality
of angles with respect to the long-axis direction of the
blood vessel, the streak image corresponding to the
plurality of angles.
3. The ultrasound diagnostic apparatus according to claim
1, wherein
a length of the two-dimensional filter in the short-axis
direction is shorter than a distance from the intima
inner side boundary of the blood vessel to the media-
adventitia boundary.
4. The ultrasound diagnostic apparatus according to claim
2, wherein
a length of the two-dimensional filter in the short-axis
direction is shorter than a distance from the intima
inner side boundary of the blood vessel to the media-
adventitia boundary.
5. The ultrasound diagnostic apparatus according to claim
1, wherein
the candidate extractor identifies, in the ultrasound image
in which the streak image is enhanced, a plurality of
maxima, pixels in which the output value of the two-
dimensional filter is a maximum, and connects a plu-
rality of the maxima pixels which are in an adjacent
relationship, to form each of the trace line candidates.
6. The ultrasound diagnostic apparatus according to claim
2, wherein
the candidate extractor identifies, in the ultrasound image
in which the streak image is enhanced, a plurality of
maxima pixels in which the output value of the two-
dimensional filter is a maximum, and connects a plu-
rality of the maxima pixels which are in an adjacent
relationship, to form each of the trace line candidates.
7. The ultrasound diagnostic apparatus according to claim
3, wherein
the candidate extractor identifies, in the ultrasound image
in which the streak image is enhanced, a plurality of
maxima pixels in which the output value of the two-
dimensional filter is a maximum, and connects a plu-
rality of the maxima pixels which are in an adjacent
relationship, to form each of the trace line candidates.
8. The ultrasound diagnostic apparatus according to claim
1, wherein
the boundary selector sets, as the evaluation value and for
each of the trace line candidates, an accumulated value
in which the output values of the two-dimensional filter
related to a plurality of pixels of the trace line candidate
are accumulated, and selects, from among the plurality
of trace line candidates, two trace line candidates from
the largest of the accumulated value as two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary of the blood vessel.
9. The ultrasound diagnostic apparatus according to claim
2, wherein
the boundary selector sets, as the evaluation value and for
each of the trace line candidates, an accumulated value
in which the output values of the two-dimensional filter
related to a plurality of pixels of the trace line candidate
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are accumulated, and selects, from among the plurality
of trace line candidates, two trace line candidates from
the largest of the accumulated value as two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary of the blood vessel.

10. The ultrasound diagnostic apparatus according to

claim 3, wherein

the boundary selector sets, as the evaluation value and for
each of the trace line candidates, an accumulated value
in which the output values of the two-dimensional filter
related to a plurality of pixels of the trace line candidate
are accumulated, and selects, from among the plurality
of trace line candidates, two trace line candidates from
the largest of the accumulated value as two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary of the blood vessel.

11. The ultrasound diagnostic apparatus according to

claim 5, wherein

the boundary selector sets, as the evaluation value and for
each of the trace line candidates, an accumulated value
in which the output values of the two-dimensional filter
related to a plurality of pixels of the trace line candidate
are accumulated, and selects, from among the plurality
of trace line candidates, two trace line candidates from
the largest of the accumulated value as two trace lines
corresponding to the intima inner side boundary and the
media-adventitia boundary of the blood vessel.

12. The ultrasound diagnostic apparatus according to

claim 1, wherein

a distance between the two trace lines which are selected
is calculated, and, in a search region including a
position distanced from one trace line of the two trace
lines toward a side of the other trace line by the
distance, at least one trace line candidate to be added to
the other trace line is searched from among the plurality
of trace line candidates.
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13. The ultrasound diagnostic apparatus according to

claim 2, wherein

a distance between the two trace lines which are selected
is calculated, and, in a search region including a
position distanced from one trace line of the two trace
lines toward a side of the other trace line by the
distance, at least one trace line candidate to be added to
the other trace line is searched from among the plurality
of trace line candidates.

14. The ultrasound diagnostic apparatus according to

claim 3, wherein

a distance between the two trace lines which are selected
is calculated, and, in a search region including a
position distanced from one trace line of the two trace
lines toward a side of the other trace line by the
distance, at least one trace line candidate to be added to
the other trace line is searched from among the plurality
of trace line candidates.

15. The ultrasound diagnostic apparatus according to

claim 5, wherein

a distance between the two trace lines which are selected
is calculated, and, in a search region including a
position distanced from one trace line of the two trace
lines toward a side of the other trace line by the
distance, at least one trace line candidate to be added to
the other trace line is searched from among the plurality
of trace line candidates.

16. The ultrasound diagnostic apparatus according to

claim 8, wherein

a distance between the two trace lines which are selected
is calculated, and, in a search region including a
position distanced from one trace line of the two trace
lines toward a side of the other trace line by the
distance, at least one trace line candidate to be added to
the other trace line is searched from among the plurality
of trace line candidates.

I S I
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