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(57) ABSTRACT

The present invention provides a method for detecting lumen
and adventitia boundaries and measuring an intima-media
thickness without depending on the magnitudes of echo
intensity variations on the lumen and adventitia sides.

The ultrasonic diagnostic apparatus transmits an ultrasonic
wave toward a body and obtains biological information based
on an echo signal received and includes: an intensity distri-
bution generating section that generates an echo intensity
distribution in a depth direction about a vascular wall based
on the echo signal; a template generating section that gener-
ates a template to detect a boundary based on template data
provided in advance to represent a reference pattern of the
intensity distribution; a pattern similarity calculating section
that changes the depth and intima-media thickness pattern of
the template to calculate similarity between the template and
the intensity distribution on any change made; and a boundary
defining section that defines lumen and adventitia boundaries
based on the degree of similarity calculated on any change
made.
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ULTRASONIC DIAGNOSTIC DEVICE, AND
METHOD FOR MEASURING INTIMA-MEDIA
THICKNESS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for calculating the thickness of the intima-
media complex of a blood vessel such as a carotid artery.

BACKGROUND ART

[0002] Diagnosis of an arterial sclerosis is carried out using
an ultrasonic diagnostic apparatus that transmits an ultrasonic
wave toward a body and obtains biological information based
on an echo signal that has been received from the body. In
making a diagnosis of arterial sclerosis, the intima-media
complex thickness of a carotid artery is known as one of most
important indices to the status of an initial atheroma sclerosis.
The “intima-media complex™ or “intima-media” is a generic
term collectively referring to the intima and the media of a
vascular wall that are present between the lumen and adven-
titiaofa blood vessel. The intima-media complex thickness or
intima-media thickness is generally called, and will also be
referred to herein as, “IMT”.

[0003] FIG. 1 illustrates an intima-media 3 that is present
between the lumen 1 and adventitia 2 of a blood vessel. In
making an inspection, a lumen boundary 4, which is the
boundary between the lumen 1 and intima of the blood vessel,
and an adventitia boundary 5, which is the boundary between
the media and the adventitia 2, are detected and have their
thicknesses measured. The technique disclosed in Patent
Document No. 1 is known as a method for measuring the IMT
automatically.

[0004] FIG. 2 shows theintensity distribution of an echo for
use to define the adventitia boundary and the lumen boundary
according to the technique disclosed in Patent Document No.
1. As shown in FIG. 2, according to the method disclosed in
Patent Document No. 1, two portions of the echo intensity
distribution in the depth direction, of which the intensity
variations are equal to or greater than a predetermined value,
are regarded as potential candidates for boundaries, and the
bigger one of the two is defined to be the adventitia boundary
and the smaller one is defined to be the lumen boundary.

CITATION LIST
Patent Literature

[0005] Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2008-168016

SUMMARY OF INVENTION
Technical Problem

[0006] According to the method of Patent Document No. 1,
however, stereotyped processing is carried out depending on
just the magnitude of the intensity variation, and therefore,
the IMT could not be measured correctly.

[0007] The intensity variation of the lumen boundary could
be greater than that of the adventitia boundary as shown in
FIG. 3. This is an example indicating that a region with the
greater intensity variation is not always the adventitia bound-

ary.
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[0008] Ifthe method disclosed in Patent Document No. 1 is
applied to such a situation, the lumen boundary will be taken
for the adventitia boundary and the IMT cannot be measured
properly.

[0009] Tt is therefore an object of the present invention to
detect the lumen boundary and the adventitia boundary cor-
rectly and measure the IMT accurately without depending on
the magnitudes of echo intensity variations on the lumen and
adventitia sides.

Solution to Problem

[0010] An ultrasonic diagnostic apparatus according to the
present invention transmits an ultrasonic wave toward a body
and obtains biological information based on an echo signal
that has been received from the body. The apparatus includes:
an intensity distribution generating section, which generates
an echo intensity distribution in a depth direction with respect
to a vascular wall based on the echo signal; a template gen-
erating section, which generates a template for use to detect a
boundary based on another template that has been provided in
advance to represent a reference pattern of the echo intensity
distribution; a pattern similarity calculating section, which
changes the level of the template in the depth direction and a
pattern of the template representing an intima-media thick-
ness to calculate the degree of similarity between the template
and the intensity distribution on any change made in the level
or pattern of the template; and a boundary defining section,
which defines a lumen boundary and an adventitia boundary
based on the degree of similarity that has been calculated on
any change made in the level or pattern of the template.
[0011] Another ultrasonic diagnostic apparatus according
to the present invention includes: an intensity distribution
generating section, which generates an echo intensity distri-
bution in a depth direction with respect to a vascular wall
based on the echo signal; a template generating section,
which generates a template for use to detect a boundary based
on another template that has been provided in advance to
represent a reference pattern of the echo intensity distribu-
tion; a pattern similarity calculating section, which changes a
pattern of the template representing an intima-media thick-
ness with respect to each of multiple different combinations
of candidate boundaries that are located at mutually different
levels in the depth direction to calculate the degree of simi-
larity between the template and the intensity distribution on
any change made in the pattern of the template; a boundary
continuity calculating section, which calculates, with respect
to the combination selected in association with multiple adja-
cent acoustic lines, the degree of continuity between the
boundaries based on a difference between the intensity values
of'the echo signals of the respective acoustic lines; a boundary
estimating section, which generates an estimated value by
integrating together the pattern similarity and the boundary
continuity with respect to the combination; and a boundary
defining section, which defines a lumen boundary and an
adventitia boundary based on the integrated estimated value.
[0012] The template generated by the template generating
section may include at least three regions, one or more of
which is a variable-length region with a variable range length.
[0013] The at least three regions may be arranged in order,
and the variable-length region may be the middle one of the at
least three regions.

[0014] One ofthe at least three regions that is located at one
end may correspond to a low-echo tissue region and another
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one of the at least three regions that is located at the other end
may correspond to a high-echo tissue region.

[0015] The low-echo tissue region may correspond to a
blood flow region and the high-echo tissue region may cor-
respond to the adventitia wall of a blood vessel and a body
tissue.

[0016] The variable-length region may correspond to an
intima-media region of the blood vessel.

[0017] The pattern similarity calculating section may cal-
culate the degree of similarity by normalizing the length of
the variable-length region.

[0018] The pattern similarity calculating section may nor-
malize the length of the variable-length region by using the
average intensity of the variable-length region as its intensity.
[0019] The template generated by the template generating
section may be made up of two kinds of sub-templates, each
of which is formed of at least two regions, and the two kinds
of templates may have a variable distance between them-
selves. The pattern similarity calculating section may calcu-
late two degrees of similarity using the two kinds of sub-
templates and may then combine and integrate the two
degrees of similarity together to obtain the degree of similar-
ity.

[0020] The two regions that form each of the two kinds of
templates may correspond to a low-echo tissue region and a
high-echo tissue region, respectively.

[0021] The low- and high-echo tissue regions of the two
kinds of templates respectively may correspond to either a
blood flow region and an intima-media region or a lumen
boundary and a predetermined tissue region that may include
an adventitia boundary, an arterial adventitia wall and a body
tissue.

[0022] The template generating section may change the
coefficient value of the template to generate according to the
contrast of the intensity distribution that has been generated
by the intensity distribution generating section.

[0023] The degree of similarity estimated by the pattern
similarity calculating section may be defined by an intensity
difference between boundaries as specified by the template
that has been generated by the template generating section.
[0024] The degree of similarity estimated by the pattern
similarity calculating section may be defined by a normalized
correlation between the template that has been generated by
the template generating section and the intensity distribution
that has been generated by the intensity distribution generat-
ing section.

[0025] The ultrasonic diagnostic apparatus may further
include a posterior wall detecting section that detects a high-
echo region based on the intensity distribution that has been
generated by the intensity distribution generating section.
The boundary defining section may set the boundaries only
within the posterior wall range detected.

[0026] The high-echo region detected by the posterior wall
detecting section may correspond to a vascular wall.

[0027] The boundary estimating section may calculate the
estimated value by dynamic programming.

[0028] The boundary estimating section may calculate the
estimated value by using an intensity distribution with a
decreased resolution. The boundary defining section may
tentatively choose candidates based on the intensity distribu-
tion with the decreased resolution and may then define the
lumen boundary and the adventitia boundary in a region
surrounding the tentatively chosen candidates based on the
intensity distribution with the original resolution.
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[0029] The boundary estimating section may calculate the
estimated value in an acoustic line direction with the candi-
dates narrowed down, by dynamic programming, to ones that
have either good estimated values or a predetermined esti-
mated value.

[0030] The boundary continuity calculating section may
calculate the degree of continuity between boundaries, which
is defined by a level difference between the boundaries in the
acoustic line direction.

[0031] The pattern similarity calculating section, the
boundary continuity calculating section, the boundary esti-
mating section and the boundary defining section may screen
the potential boundary candidates for the lumen boundary
and the adventitia boundary, and the boundary defining sec-
tion may define the lumen boundary and the adventitia bound-
ary at the same time.

[0032] The boundary continuity calculating section may
calculate the degree of continuity between the boundaries,
which is defined as a thickness difference to be determined by
the levels of the lumen and adventitia boundaries in the acous-
tic line direction.

[0033] If the pattern similarity calculating section calcu-
lates the degree of similarity while the boundary defining
section is setting the lumen and adventitia boundaries in a
predetermined order and when the level of one of the two
boundaries has not been determined yet, the pattern similarity
calculating section may fix the other boundary, may calculate
the degrees of similarity with respect to a template that has
multiple thicknesses associated with the level of the one
boundary, and may define either the maximum value or the
average value of the degrees of similarity calculated to be the
degree of similarity of the other boundary.

[0034] Theboundary defining section may compare an esti-
mated value that has been used to detect a lumen boundary
and then an adventitia boundary with the candidates narrowed
down to ones under the lumen boundary to an estimated value
that has been used to detect the adventitia boundary and then
the lumen boundary with the candidates narrowed down to
ones over the adventitia boundary, and may finally adopt a
boundary that has been detected with the better estimated
value.

[0035] The ultrasonic diagnostic apparatus may further
include an IMT calculating section that calculates the thick-
ness of an intima-media based on the levels of the lumen and
adventitia boundaries.

[0036] An intima-media thickness measuring method
according to the present invention is designed to measure the
intima-media thickness of a vascular wall based on an echo
signal that has been received from a body in response to an
ultrasonic wave that has been transmitted toward him or her.
The method includes the steps of: generating an echo inten-
sity distribution in a depth direction with respect to the vas-
cular wall based on the echo signal; generating a template for
use to detect a boundary based on another template that has
been provided in advance to represent a reference pattern of
the echo intensity distribution; changing the level of the tem-
plate in the depth direction and a pattern of the template
representing the intima-media thickness to calculate the
degree of similarity between the template and the intensity
distribution on any change made in the level or pattern of the
template; defining a lumen boundary and an adventitia
boundary based on the degree of similarity that has been
calculated on any change made in the level or pattern of the
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template; and calculating the intima-media thickness based
on the lumen and adventitia boundaries that have been
defined.

[0037] Another intima-media thickness measuring method
according to the present invention is designed to measure the
intima-media thickness of a vascular wall based on an echo
signal that has been received from a body in response to a
ultrasonic wave that has been transmitted toward him or her.
The method includes the steps of: generating an echo inten-
sity distribution in a depth direction with respect to the vas-
cular wall based on the echo signal; generating a template for
use to detect a boundary based on another template that has
been provided in advance to represent a reference pattern of
the echo intensity distribution; changing a pattern of the tem-
plate representing the intima-media thickness for each of
multiple different combinations of candidate boundaries that
are located at mutually different levels in the depth direction
to calculate the degree of similarity between the template and
the intensity distribution on any change made in the pattern of
the template; calculating, with respect to the combination
selected in association with multiple adjacent acoustic lines,
the degree of continuity between the boundaries based on a
difference between the intensity values of the echo signals of
the respective acoustic lines; generating an estimated value
by integrating together the pattern similarity and the bound-
ary continuity with respect to the combination; defining a
lumen boundary and an adventitia boundary based on the
integrated estimated value; and calculating the intima-media
thickness based on the lumen and adventitia boundaries that
have been defined.

Advantageous Effects of Invention

[0038] According to the present invention, the lumen
boundary and the adventitia boundary are detected as a set,
not independently of each other, and therefore, the IMT can
be measured accurately even if the intensity variation of the
lumen boundary is greater than that of the adventitia bound-

ary.
BRIEF DESCRIPTION OF DRAWINGS

[0039] FIG. 1 illustrates an intima-media 3 that is present
between the lumen 1 and adventitia 2 of a blood vessel.
[0040] FIG. 2 shows theintensity distribution of an echo for
use to define an adventitia boundary and a lumen boundary
according to the technique disclosed in Patent Document No.
1.

[0041] FIG. 3 illustrates an example in which the intensity
variation of the lumen boundary is greater than that of the
adventitia boundary.

[0042] FIG.4isablock diagram illustrating a configuration
for an ultrasonic diagnostic apparatus 10 as a first specific
preferred embodiment of the present invention.

[0043] FIG. 5 illustrates an array 6 of ultrasonic transduc-
ers, which are built in an ultrasonic probe 11 in order to
transmit an ultrasonic pulse.

[0044] Portions (a) and (b) of FIG. 6 are schematic repre-
sentations illustrating ultrasonic converged waves in a situa-
tion where a focus position is formed by a number of ultra-
sonic transducers that are arranged in the x direction and
portions (c¢) and (d) illustrate simplified versions of the ultra-
sonic converged waves.

[0045] FIG.7isablock diagram illustrating a configuration
for an IMT measuring section 16.
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[0046] FIG. 8 is a flowchart showing the procedure of IMT
calculation processing.

[0047] FIG. 9 shows a coefficient pattern (intima-media
pattern).
[0048] FIG. 10 illustrates the intensity distribution 90 of a

given acoustic line (or line) and a group 91 of templates that
are associated with various depths.

[0049] FIG. 11 illustrates the intensity distribution 90 of the
given acoustic line (or line) and a group 92 of templates
associated with various thicknesses.

[0050] FIG. 12 shows an example in which the degree of
similarity is calculated by providing sub-templates for the
lumen and adventitia boundaries, respectively, calculating
respective degrees of similarity using the sub-templates and
then obtaining their combination value as a weighted sum.
[0051] FIG. 13 is a block diagram illustrating a configura-
tion for an IMT measuring section 30 according to a second
specific preferred embodiment of the present invention.
[0052] FIG. 14 is a flowchart showing the procedure of the
boundary detection processing based on dynamic program-
ming.

[0053] FIG. 15 illustrates five paths of interest 130a
through 130e that have been determined in advance with
respect to a single given sample 130.

[0054] Portions (a) to (¢) of FIG. 16 illustrate how to cal-
culate the cost by dynamic programming according to the
second preferred embodiment of the present invention.

[0055] FIG. 17 illustrates an exemplary pair i, of lumen
and adventitia boundaries that would minimize the path cost
C o

‘path
[0056] FIG. 18 is a flowchart showing the procedure of

processing for making path searches for the lumen and adven-
titia boundaries separately from each other.

[0057] FIG. 19 is a block diagram illustrating a configura-
tion for an IMT measuring section 16a with a posterior wall
detecting section 26.

DESCRIPTION OF EMBODIMENTS

[0058] Hereinafter, preferred embodiments of an ultrasonic
diagnostic apparatus according to the present invention will
be described with reference to the accompanying drawings.

Embodiment 1

[0059] FIG.4isablock diagram illustrating a configuration
for an ultrasonic diagnostic apparatus 10 as a first specific
preferred embodiment of the present invention.

[0060] The ultrasonic diagnostic apparatus 10 includes a
probe 11, a transmitting section 12, a receiving section 13, a
B-image generating section 14, an ROI location setting sec-
tion 15, an IMT measuring section 16, a synthesizing section
17 and a display section 18.

[0061] The transmitting section 12 generates an ultrasonic
pulse and outputs it to the probe 11.

[0062] The probe 11 transmits the ultrasonic pulse, which
has been supplied from the transmitting section 12, toward the
inside of an organism and receives an echo signal that has
been reflected back from inside of the organism. Then, the
probe 11 outputs the echo signal received to the receiving
section 13.

[0063] FIG. 5 illustrates an array 6 of ultrasonic transduc-
ers, which are built in the ultrasonic probe 11 in order to
transmit an ultrasonic pulse. In the array 6 of ultrasonic trans-
ducers (which will be simply referred to herein as “a trans-
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ducer 6”), the respective ultrasonic transducers are arranged
in one direction, thereby forming a so-called “1D array of
transducers”.

[0064] The transducer 6 may be made of a piezoelectric
material, for example. That is to say, an ultrasonic wave is
transmitted by driving the piezoelectric material, and is
received and transformed into an electrical signal by the
piezoelectric material. Also, by sequentially driving the
respective ultrasonic transducers, the transducer 6 can trans-
mit and receive ultrasonic waves and can scan a predeter-
mined range with the ultrasonic waves. The transducer 6 can
also superpose the phases of the respective ultrasonic waves
that have been sent out from multiple ultrasonic transducers at
a predetermined position (i.e., at a focus position) and can
receive a signal that has been reflected from that focus posi-
tion. An example of the latter operation is illustrated in FIG.
6.

[0065] Portions (a) and (b) of FIG. 6 illustrate ultrasonic
converged waves in a situation where a focus position is
formed by a number of ultrasonic transducers that are
arranged in the x direction. As shown in FIG. 6, the ultrasonic
converged wave has a predetermined width and has a focal
point at a predetermined depth in the z-axis direction. The
center axis of such a converged wave is also called an “acous-
tic line” as shown in portion (¢) and (d) of FIG. 6.

[0066] Now take a look at FIG. 4 again. The receiving
section 13 outputs a bunch of echo signals that have been
supplied from the probe 11 to the B-image generating section
14 and the IMT measuring section 16.

[0067] The B-image generating section 14 generates a
tomographic image based on the echo signals and provides
the data of the tomographic image to the synthesizing section
17.

[0068] The ROI location setting section 15 accepts a user’s
instruction on where to set an ROI (region of interest) and sets
it on an arterial wall in accordance with his or her instruction.
[0069] The IMT measuring section 16 measures the IMT.
More specifically, based on the echo signal supplied from the
receiving section 13 and information about the location of the
ROI provided by the ROl location setting section 15, the IMT
measuring section 16 detects a lumen boundary and an adven-
titia boundary. Furthermore, based on the locations of the
lumen and adventitia boundaries detected, the IMT measur-
ing section 16 calculates an IMT value. Then, the IMT mea-
suring section 16 outputs information about the boundary
locations (which will be referred to herein as “boundary loca-
tion information”) to the synthesizing section 17 and the IMT
value to the display section 18, respectively.

[0070] The synthesizing section 17 receives the B-image
data and the boundary location information from the B-image
generating section 14 and the IMT measuring section 16,
respectively, and synthesizes the IMT value and the B image
together. Specifically, the synthesizing section 17 superim-
poses the images of the lumen and adventitia boundaries on
the B image and outputs synthetic image data thus obtained.
[0071] The display section 18 displays, on a monitor, the
IMT value and the synthetic image provided by the IMT
measuring section 16 and the synthesizing section 17, respec-
tively.

[0072] The display section 18 may display the synthetic
image data, provided by the synthesizing section 17, on a
display device such as an LCD.

[0073] Next, the IMT measuring section 16 will be
described in detail.
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[0074] FIG.7isablock diagram illustrating a configuration
for the IMT measuring section 16.

[0075] The IMT measuring section 16 includes an intensity
distribution generating section 21, a template generating sec-
tion 22, a pattern similarity calculating section 23, a boundary
defining section 24 and an IMT calculating section 25.
[0076] Theintensity distribution generating section 21 gen-
erates an echo intensity distribution based on the echo signals
supplied from the receiving section 13 and the information
about the ROI location provided by the ROI location setting
section 15, and then outputs the intensity distribution thus
generated to the pattern similarity calculating section 23. This
echo intensity distribution represents the distribution of
intensities of the echo signals in the depth direction (i.e., as
measured toward the depth of the body under its surface skin).
[0077] Thetemplate generating section 22 generates a tem-
plate for use to detect a boundary based on another template
that has been provided in advance to represent a reference
pattern of the echo intensity distribution, and then outputs the
template for detecting the boundary to the pattern similarity
calculating section 23.

[0078] The pattern similarity calculating section 23 calcu-
lates the degree of similarity between the intensity distribu-
tion of the received signals supplied from the intensity distri-
bution generating section 21 and the template given by the
template generating section 22. The degree of similarity
between them will be referred to herein as a “pattern similar-
ity”. Then, the pattern similarity calculating section 23 out-
puts the degree of similarity calculated to the boundary defin-
ing section 24.

[0079] The boundary defining section 24 defines a lumen
boundary and an adventitia boundary based on the pattern
similarity provided by the pattern similarity calculating sec-
tion 23. Then, the boundary defining section 24 provides
information about the boundary location thus defined for the
synthesizing section 18 and the IMT calculating section 25.
[0080] The IMT calculating section 25 calculates an IMT
value based on the lumen and adventitia boundaries thus
defined and outputs it to the display section 17.

[0081] Next, it will be described exactly how to calculate
the IMT according to this preferred embodiment.

[0082] FIG. 8 is a flowchart showing the procedure of IMT
calculation processing.

[0083] First of all, in Step S11, the intensity distribution
generating section 21 carries out an envelope detection and a
logarithniic compression on the echo signal received with
respect to each point in the ROI, thereby generating an echo
intensity distribution.

[0084] Next, in Step S12, the intensity distribution gener-
ating section 21 smoothes out the intensity distribution by
applying a 3x3 average filter, for example, to the intensity
distribution in order to reduce the noise.

[0085] After that, the pattern similarity calculating section
23 takes charge of the processing, which will be performed on
the basis of an acoustic line (i.e., on a line-by-line basis).
[0086] First, in Step S13, the pattern similarity calculating
section 23 estimates the degree of similarity between the
intensity distribution in the ROI and a template representing
the intima-media pattern. The template has been generated by
the template generating section 22.

[0087] As the template, a coefficient pattern (intima-media
pattern) such as the one shown in FIG. 9 is used. In FIG. 9, the
range 1, corresponds to the vascular lumen, the ranges 1, and
1, correspond to the intima-media, and the range 1, corre-
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sponds to the adventitia. The template shown in FIG. 9 is a
differential filter, in which the ranges 1, and 1, that have nega-
tive values in the depth direction and the ranges 1, and 1, that
have positive values in the same direction are provided alter-
nately in advance as reference coefficient patterns. As shown
in FIG. 9, the template has at least three regions (or patterns)
that correspond to the vascular lumen, the intima-media and
the adventitia, respectively.

[0088] While moving this template as a detection window
in the depth direction as shown in FIG. 10, the pattern simi-
larity calculating section 23 estimates the degree of similarity
and searches for the most matching depth.

[0089] Inaddition, the pattern similarity calculating section
23 also estimates the degree of similarity with respect to the
intima-media thickness. That is to say, as shown in FIG. 11,
the pattern similarity calculating section 23 gets a number of
templates with various intima-media thicknesses generated
by the template generating section 22, calculates the degree of
similarity between those templates and the intensity distribu-
tion, and searches for the most matching thickness.

[0090] This processing step will be described in further
detail.

[0091] FIG. 10 illustrates the intensity distribution 90 of a
given acoustic line (which will be simply referred to herein as
a “line””) and a group 91 of templates that are associated with
various depths. Each of those templates in the group 91 is a
pattern that forms a single line in the depth direction parallel
to the acoustic line. In FIG. 10, shown are ten templates that
are associated with the depths pl, p2, p3, p4, . . . and p10,
respectively. It should be noted that those templates are just
associated with mutually different depths but have quite the
same pattern.

[0092] First of all, the pattern similarity calculating section
23 calculates the degree of similarity between the intensity
distribution 90 of the given acoustic line (or line) and the
template that is associated with the depth p1 and an intima-
media thickness q.

[0093] Thedegree of similarity is given as the inner product
of the template T and the intensity distribution X. Supposing
the intensity distribution at a depth p is identified by Xp, the
intima-media thickness of the template is identified by q, the
template associated with the intima-media thickness q is
identified by Tq, and the size of that template is identified by
L, the degree of similarity Y is calculated by the following
equation:

L
Y(p.@) = ) Xy () T,0)

i=1

[0094] In the example illustrated in FIG. 10, at the most
matching depth p4, the patterns of the intima-media thickness
q agree with each other between the template and the intensity
distribution 90 of the given line. However, this is just an
example to make the idea of the present invention easily
understandable. Actually, even at the most matching depth,
the intima-media thickness q patterns do not always agree
with each other between the template and the intensity distri-
bution 90 of the given line.

[0095] Thus, according to this preferred embodiment, the
pattern similarity calculating section 23 calculates the
degrees of similarity with the pattern of the intima-media
thickness q changed at the depth p1. FIG. 11 illustrates the
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intensity distribution 90 of the given acoustic line (or line) and
a group 92 of templates associated with various thicknesses.
While varying the intima-media thickness q, the pattern simi-
larity calculating section 23 calculates a degree of similarity
Y with respect to each of those thicknesses.

[0096] Next, the pattern similarity calculating section 23
changes the depth into p2 and calculates the degree of simi-
larity Y with the intima-media thickness q varied.

[0097] And such processing will be carried out continuity
through the depth p10.

[0098] Then, the boundary defining section 24 searches for
a depth p_max and an intima-media thickness q_max, which
are associated with the highest degree of similarity Y (p, q), in
Step S14 shown in FIG. 8 and then defines a lumen boundary
li and an adventitia boundary ma in the next processing step
S15. Specifically, if the length of the vascular lumen is iden-
tified by 11, those boundaries 1i and ma are calculated by the
following equations:

li=p_max+/1

ma+li+q_max

[0099] The line-by-line processing is carried out in this
manner.
[0100] Inthis processing, to prevent the degrees of similar-

ity from being concentrated on a particular intima-media
thickness, coefficient values a,', a,', a;' and a,' may be set to be
the inverse numbers of their associated range lengths 1,, 15,15
and 1,. That is to say, the average of the intensities of the
respective regions that are associated with the range lengths
1,,1,,1;and1, is calculated and then weighted. In that case, the
degree of similarity is calculated by the following equation:

n & L+t
Xp(D+ 7o D Xpl =
i1 E )

a
Y. ) =-7-

I+l +L:
A 142+

3.
b

i=ly+lp+1

&, L +h+l3+ly

- 4 -

XplD)+ - § X, (D)
i=l)+p+l3 +1

where a,', a,', a;' and a,' are weight coefficients.

[0101] If the intima-media thickness needs to be further
varied, 1; may be changed with 1, fixed or both 1, and 1 may be
changed at a predetermined ratio.

[0102] Next, in Step S15, the lines are changed into the next
one. The same series of processing steps described above will
be performed on each of those lines.

[0103] Andwhen the line-by-line processing gets done, the
boundary locations are smoothed out in Step S16 in the line
direction.

[0104] This is the flow of the operation of'this first preferred
embodiment.
[0105] Inthe foregoing description, the degree of similarity

is supposed to be obtained as the inner product of the intensity
distribution and a template that is implemented as a differen-
tial filter. However, the degree of similarity may also be
obtained as their correlation. In that case, the coefficient val-
ues of the template do not have to include negative values.

[0106] Also,the degree of similarity may also be calculated
by providing sub-templates for the lumen and adventitia
boundaries, respectively, as shown in FIG. 12, calculating
respective degrees of similarity using the sub-templates and
then obtaining their combination value as a weighted sum, for



US 2012/0310086 Al

example. Each of those sub-templates defines a pattern rep-
resenting its associated boundary and a pattern representing
the other tissue. However, these patterns are changeable. That
is to say, the location of the pattern representing the boundary
can be changed. In each of these two templates, the boundary
region and a region corresponding to the other tissue repre-
sent a high-echo tissue region and a low-echo tissue region,
respectively.

[0107] Furthermore, the coefficient values of each template
may also be changed according to the degree of visualization
in the ROI. For example, if the variance of the intensity values
calculated turns out to be large, the contrast of the template
may be enhanced. On the other hand, if the variance turns out
to be small, then the contrast may be lessened.

[0108] Furthermore, in the foregoing description, the
lumen and adventitia boundaries are supposed to be detected
directly. Instead, the posterior wall may be detected first using
a differential filter, and then the lumen and adventitia bound-
aries may be detected only inside of the posterior wall. This
should work effectively if multiple echoes are produced
inside of the blood vessel.

[0109] According to the first preferred embodiment of the
present invention described above, the lumen and adventitia
boundaries are located by finding what template has the high-
est degree of similarity to the intensity distribution of a given
line. The template defines the pattern of the intensity distri-
bution that covers the lumen and adventitia boundaries. This
means that the lumen and adventitia boundaries are detected
with their respective intensity variations taken into account,
instead of detecting the lumen and adventitia boundaries
independently of each other. Consequently, even if the inten-
sity of the lumen boundary is greater than that of the adven-
titia boundary, the lumen boundary will never be taken for the
adventitia boundary by mistake.

Embodiment 2

[0110] In a second specific preferred embodiment of the
present invention, the IMT measuring section performs its
processing differently from its counterpart of the first pre-
ferred embodiment described above. Specifically, before
smoothing out the boundaries in the line direction, the IMT
measuring section of this preferred embodiment selects the
boundaries with not only the pattern similarity but also the
continuity in the line direction taken into account. By carry-
ing out such processing, the boundaries can be detected with
good stability even if the lumen boundary cannot be located
definitely based on only its associated intensity.

[0111] The configuration and operation of the ultrasonic
diagnostic apparatus of this preferred embodiment are the
same as those of the ultrasonic diagnostic apparatus 10 shown
in FIG. 4 except its IMT measuring section. Thus, FIG. 4 will
also be referred to when the configuration of the ultrasonic
diagnostic apparatus of this preferred embodiment is
described and description of every element of the apparatus
other than its IMT measuring section will be omitted herein.
[0112] FIG. 13 is a block diagram illustrating a configura-
tion for the IMT measuring section 30 of this preferred
embodiment.

[0113] The IMT measuring section 30 includes an intensity
distribution generating section 31, a template generating sec-
tion 32, a pattern similarity calculating section 33, a boundary
continuity calculating section 34, a boundary estimating sec-
tion 35, a boundary defining section 36 and an IMT calculat-
ing section 37.
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[0114] Theintensity distribution generating section 31 gen-
erates an echo intensity distribution based on the echo signals
supplied from the receiving section 13 and the information
about the ROI location provided by the ROI location setting
section 15, and then outputs the intensity distribution thus
generated to the pattern similarity calculating section 23.
[0115] Thetemplate generating section 32 generates a tem-
plate for use to detect a boundary based on another template
that has been provided in advance to represent a reference
pattern, and then outputs the template for detecting the
boundary to the pattern similarity calculating section 33.
[0116] The pattern similarity calculating section 33
receives the intensity distribution of the received signals from
the intensity distribution generating section 31 and the tem-
plate from the template generating section 22, respectively,
and also receives instructions on the locations of the lumen
and adventitia boundaries from the boundary estimating sec-
tion 35. More specifically, with respect to the respective loca-
tions ofthe lumen and adventitia boundaries that are specified
by the boundary estimating section 35, the pattern similarity
calculating section 33 calculates the degrees of similarity
between the intensity distributions of the received signals at
those locations and the template provided by the template
generating section 22. Then, the pattern similarity calculating
section 33 outputs the degrees of similarity calculated to the
boundary estimating section 35.

[0117] The boundary continuity calculating section 34
receives the instructions on the locations of the lumen and
adventitia boundaries from the boundary estimating section
35. With respect to those specified locations of the lumen and
adventitia boundaries, the boundary continuity calculating
section 34 estimates the degrees of continuity between the
boundary locations in the line direction and the thickness
using the given line and its adjacent lines. Then, the boundary
continuity calculating section 34 outputs the result of the
estimation as the “degree of continuity” to the boundary
estimating section 35.

[0118] Based on the degree of pattern similarity supplied
from the pattern similarity calculating section 33 and the
degree of boundary continuity supplied from the boundary
continuity calculating section 34, the boundary estimating
section 35 estimates the likelihood values of lumen and
adventitia boundaries with respect to every predefined com-
bination of boundaries. Those estimated values are calculated
by dynamic programming as will be described later. Then, the
boundary estimating section 35 outputs the estimated values
thus calculated to the boundary defining section 36.

[0119] The boundary defining section 36 defines a lumen
boundary and an adventitia boundary based on the estimated
values provided by the boundary estimating section 34. Then,
the boundary defining section 36 provides information about
the boundary location thus defined for the synthesizing sec-
tion 18 and the IMT calculating section 37.

[0120] The IMT calculating section 37 calculates an IMT
value based on the lumen and adventitia boundaries thus
defined and outputs it to the display section 17. This process-
ing is the same as what is performed by the IMT calculating
section 25 shown in FIG. 7.

[0121] Next, it will be described exactly how to detect the
boundaries according to this preferred embodiment. The
boundary detection processing to be described below is per-
formed mainly by the boundary continuity calculating section
34, the boundary estimating section 35 and the boundary
defining section 36.
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[0122] FIG. 14 is a flowchart showing the procedure of the
boundary detection processing based on dynamic program-
ming.

[0123] According to this preferred embodiment, the bound-
ary detection processing is carried out as a search for a path
(i.e.,aboundary) in the line direction that would minimize the
cost that is defined by the pattern similarity and the boundary
continuity in the line direction.

[0124] First of all, in Step S21, the boundary estimating
section 35 initializes the path cost C,,;, of every pair i, of
lumen and adventitia boundaries. The initial value is given as
the degree of similarity C,,,.,,, to the intima-media pattern.
Supposing the weight is identified by W, the path cost

C,urm 18 given by the following formula:

atternr

Cpalh(iline)&_ J/V;)attern 'Cpattern(iline)

[0125] In this case, the degree of similarity C, ., is a
value similar to what has already been described for the first
preferred embodiment. It should be noted, however, that the
degree of similarity has been normalized within the line.
Nevertheless, the degree of similarity does not have to be
normalized within the entire line. For example, values within
only a portion of the line associated with at least the intima-
media may be normalized.

[0126] Also, the “pair of lumen and adventitia boundaries™
is equivalent to a combination of lumen and adventitia bound-
aries. If there are N sample points on the ROI, the number of
pairs is the square of N. Nonetheless, the lumen boundary is
located at a shallower level than the adventitia boundary. Or
depending on a constraint imposed by the system (such as the
maximum thickness measured), the number of pairs actually
used to make a calculation is smaller than the square of N.
[0127] Next, the targets of processing are changed into the
second line.

[0128] Then, in Step S22, the pattern similarity calculating
section 33 calculates the degree of similarity of the intima-
media pattern to each pair ij,,.., of lumen and adventitia
boundaries of the previous line. Meanwhile, the boundary
continuity calculating section 34 calculates the degree of
continuity between the intima-media thickness and the
boundary locations with respect to each pair i, ; of lumen
and adventitia boundaries of the previous line. Then, the
boundary estimating section 35 receives the results of those
calculations and estimates the degree of continuity between
the intima-media thickness and the boundary locations in the
line direction.

[0129] In this case, the degree of similarity C,,,,,, of the
intima-media pattern is given as the inner product of the
intensity distribution and the template as in the first preferred
embodiment described above but may also be given as their
correlation.

[0130] Ifthe lumen boundary locations of a given line and
its previous line are identified by LI, and IL,, , and the
adventitia boundary locations thereof are identified by MA,,,.
and MA,, _ |, respectively, then the degree of continuity
Cnicimess Of the intima-media thickness is calculated by the
following equation:

Cniciness(Line-1)=|(MApine=Ll i)~ (M .1 )|

[0131] Meanwhile, the degree of continuity C ;... of the
boundary locations is calculated by the following equation:

Caistancelltine- )=\ Lliine=L et +1MA = MAjye. |

[0132] The boundary estimating section 35 normalizes the
estimated values Cgy,; imess A0d C i amee Within the line and
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then integrates them into the path cost C,_,,; of the candidate
to adopt as in the following equation:

Crotatltine-1)=CoatnUtine- Dt Wniciness' Caicess{ine- 1)+
distance’ Caistance(line-1

where the weights W, 1,0 and W, are weight coeffi-
cients to be added to each estimated value. Even though this
equation includes the estimated values Cy, ... and C -
tance, just the degree of continuity C ... 0f the boundary
locations has to be included and the degree of continuity
C rnicimess OF the intima-media thickness could be omitted.
[0133] The boundary estimating section 35 carries out
these calculations on each of multiple pairs i,,,, , of lumen
and adventitia boundaries associated with predetermined
paths of interest.

[0134] Forexample,in FIG. 15, five predetermined paths of
interest 130a through 130e are shown with respect to a single
given sample 130 (e.g., a candidate to adopt as the lumen
boundary). The boundary estimating section 35 calculates the
cost as described above with respect to the path that is deter-
mined as the combination of the given sample 130 and each of
the paths of interest 130a through 130e.

[0135] Portions (a) to (a) of FIG. 16 illustrate how to cal-
culate the cost by dynamic programming according to this
preferred embodiment. In portion (a) of FIG. 16, the numeri-
cal values shown inside of the respective paths of interest
130a through 130e indicate the accumulated values of the
path costs. On the other hand, the numerical values shown
beside the line segments that connect together the given
sample 130 and the respective paths of interest 130a through
130¢ indicate distance costs. And the numerical values shown
on the right-hand side of the given sample 130 in the depth
direction indicate pattern costs.

[0136] As shown in portion (b) of FIG. 16, the boundary
estimating section 35 adopts one of the five paths of interest
130a through 130e, of which the sum of the accumulated path
cost and the distance cost is smaller than any other path of
interest. In the example illustrated in portion (b) of FIG. 16,
the path 130d with a sum of 66 is adopted. Then, the boundary
estimating section 35 memorizes that path that would have
the minimum cost.

[0137] Andthe boundary estimating section 35 further adds
the pattern cost to the minimum value described above and
defines the sum as the value of the given sample 130.

[0138] Now take a look at FIG. 14 again. In Step S23, the
minimum cost C,,,; and its associated pair of lumen and
adventitia boundaries are searched for and adopted as the
path. In this processing step, the path adopted is memorized
and the path cost is updated by the following equation:

Cpatnlitine) < =W pattem * Cpattern itine) + ‘_MIN [Crotat (Fine-1)]

line—1

[0139] These processing steps S22 and S23 are carried out
on every pair i,,,, of lumen and adventitia boundaries on the
target line. Then, the boundary estimating section 35 sends
the results thus obtained to the boundary defining section 36.
[0140] After the calculations are done on every line, the
boundary defining section 36 searches in Step S26 for a pair
i, 0f lumen and adventitia boundaries that would minimize
the path cost C,, ;.. In this case, the pair that would minimize
the path cost C,,,,,;, will define the boundaries on the rightmost
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line of the ROI. After that, the other lines on the left-hand side
of that rightmost line will be set by reference to the path
memorized.

[0141] FIG. 17 illustrates an exemplary pair i, of lumen
and adventitia boundaries that would minimize the path cost
C,umne

‘path
[0142] This is the flow of processing of this preferred
embodiment.
[0143] Optionally, the boundaries may be smoothed out in

the line direction as in the first preferred embodiment
described above. Then, smoother boundaries can be obtained.
[0144] Alternatively, such dynamic programming based
path search may also be carried out on an intensity distribu-
tion, of which the resolution has been decreased (particularly
in the depth direction) on purpose, to tentatively choose can-
didates. After that, the resolution may be restored to the
original value, a narrower search may be carried out on only
a region surrounding (i.e., in the vicinity of) the tentatively
chosen candidates, and then the lumen and adventitia bound-
aries may be defined finally. In that case, the complexity of the
processing can be cut down with the detection performance
maintained.

[0145] Still alternatively, such dynamic programming
based path search may also be focused on only some pairs that
would have either smallest path costs or path costs that are
equal to or smaller than a predetermined value. In that case,
the complexity of the processing can be also cut down with
the detection performance maintained.

[0146] Last but not least, although the path search is sup-
posed to be carried out on a pair of lumen and adventitia
boundaries, the path search could also be performed sepa-
rately on the lumen and adventitia boundaries.

[0147] FIG. 18 is a flowchart showing the procedure of
processing for making path searches for the lumen and adven-
titia boundaries separately from each other. According to this
processing, the lumen boundary is detected first, and then the
adventitia boundary is detected by narrowing the search on
deeper levels. After that, the processing is carried out in
reverse order. That is to say, the adventitia boundary is
detected first, and then the lumen boundary is detected by
narrowing the search on shallower levels. And one of these
two pairs detected that would eventually have the smaller
total path cost than the other is chosen.

[0148] Specifically, in Step S31, the boundary estimating
section 35 tentatively detects the lumen boundary by dynamic
programming and records its path cost A, based on the result
of the detection. Next, in Step S32, the boundary estimating
section 35 focuses the dynamic programming based search on
a region under the tentatively detected lumen boundary,
thereby detecting tentatively the adventitia boundary and
recording its path cost A, based on the result of the detection.
Then, in Step S33, the boundary estimating section 35 calcu-
lates and records the path cost A (=A,+A,) in such a situation
where the lumen and adventitia boundaries have been
detected in this order.

[0149] Next, in Step S34, the boundary estimating section
35 tentatively detects the adventitia boundary by dynamic
programming and records its path cost B, based on the result
of the detection. Next, in Step S35, the boundary estimating
section 35 focuses the dynamic programming based search on
a region over the tentatively detected adventitia boundary,
thereby detecting tentatively the lumen boundary and record-
ing its path cost B, based on the result of the detection. Then,
in Step S33, the boundary estimating section 35 calculates
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and records the path cost B (=B,+B,) in such a situation
where the adventitia and lumen boundaries have been
detected in this order.

[0150] And the boundary defining section 36 defines the
adventitia and lumen boundaries based on one of these two
results of tentative detection that eventually produced the
lower one of the two costs A and B.

[0151] Nevertheless, when one of the two boundaries is
detected, the other boundary has not been determined yet.
That is why the degrees of close matching of multiple tem-
plates associated with various intima-media thicknesses may
be estimated with one of two boundaries fixed and the other
tentatively detected boundary moved, and either the maxi-
mum or average of the estimated values may be used as the
degree of similarity as shown in FIG. 11. In this manner, the
complexity of processing can also be cut down with the
detection performance maintained.

[0152] As described above, since the boundary continuity
in the line direction is taken into account according to this
second preferred embodiment, the boundaries can be
detected with good stability, even if the intensity of the echo
signal that would represent the lumen boundary is low.
[0153] Optionally, in the first and second preferred embodi-
ments of the present invention described above, the posterior
wall may be further detected and the result of detection may
be used to define the boundaries. As shown in FIG. 1, the
posterior wall is a region that is located at a deeper level than
the adventitia boundary 5.

[0154] FIG. 19 is a block diagram illustrating a configura-
tion for an IMT measuring section 16a with a posterior wall
detecting section 26. In this case, the IMT measuring section
164 is amodified example of the IMT measuring section 16 of
the first preferred embodiment shown in FIG. 7.

[0155] The posterior wall detecting section 26 is arranged
to follow the intensity distribution generating section 21 and
detects the posterior wall based on the intensity distribution
provided by the intensity distribution generating section 21
and outputs the range of the posterior wall detected to the
boundary defining section 24.

[0156] More specifically, as shown in FIG. 1, the posterior
wall is a vascular wall and is located at a deeper level than the
lumen boundary 4, the intima-media 3 or the adventitia
boundary 5 in the depth direction. And the posterior wall is
obtained as a high-echo region. That is why the posterior wall
detecting section 26 detects a high-echo region based on the
intensity distribution generated by the intensity distribution
generating section 21. As a result, the boundary defining
section 26 can define the adventitia boundary 5 with its search
focused on the posterior wall range detected.

INDUSTRIAL APPLICABILITY

[0157] The IMT measuring apparatus of the present inven-
tion can measure the IMT accurately and automatically, and
can contribute to getting the inspection done more quickly.
Consequently, the apparatus of the present invention can be
used effectively to make an arterial sclerosis screening
inspection, in particular.

REFERENCE SIGNS LIST
[0158] 11 probe
[0159] 12 transmitting section
[0160] 13 receiving section
[0161] 14 B-image generating section
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[0162] 15 ROI location setting section

[0163] 16 IMT measuring section

[0164] 17 synthesizing section

[0165] 18 display section

[0166] 21 intensity distribution generating section
[0167] 22 template generating section

[0168] 23 pattern similarity calculating section
[0169] 24 boundary defining section

[0170] 25 IMT calculating section

[0171] 26 posterior wall detecting section

[0172] 27 contrast calculating section

[0173] 28 detection window

[0174] 31 intensity distribution generating section
[0175] 32 template generating section

[0176] 33 pattern similarity calculating section
[0177] 34 boundary continuity calculating section
[0178] 35 boundary estimating section

[0179] 36 boundary defining section

[0180] 37 IMT calculating section

1. An ultrasonic diagnostic apparatus that transmits an
ultrasonic wave toward a body and obtains biological infor-
mation based on an echo signal that has been received from
the body, the apparatus comprising:

an intensity distribution generating section configured to
generate an echo intensity distribution in a depth direc-
tion with respect to a vascular wall based on the echo
signal;

atemplate generating section configured to generate a tem-
plate for use to detect a boundary based on template data
that has been provided in advance to represent a refer-
ence pattern of the echo intensity distribution;

a pattern similarity calculating section configured to
change, in combination, the level of the template in the
depth direction and a pattern of the template represent-
ing an intima-media thickness to calculate the degree of
similarity between the template and the intensity distri-
bution on any change made in the level or pattern of the
template; and

a boundary defining section configured to define a lumen
boundary and an adventitia boundary based on the
degree of similarity that has been calculated on any
change made in the level or pattern of the template.

2. An ultrasonic diagnostic apparatus that transmits an
ultrasonic wave toward a body and obtains biological infor-
mation based on an echo signal that has been received from
the body, the apparatus comprising:

an intensity distribution generating section configured to
generate an echo intensity distribution in a depth direc-
tion with respect to a vascular wall based on the echo
signal;

atemplate generating section configured to generate a tem-
plate for use to detect a boundary based on template data
that has been provided in advance to represent a refer-
ence pattern of the echo intensity distribution;

a pattern similarity calculating section configured to
change, in combination, a pattern of the template repre-
senting an intima-media thickness with respect to each
of multiple different combinations of candidate bound-
aries that are located at mutually different levels in the
depth direction to calculate the degree of similarity
between the template and the intensity distribution on
any change made in the pattern of the template;

a boundary continuity calculating section configured to
calculate with respect to the combination selected in
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association with multiple adjacent acoustic lines, the
degree of continuity between the boundaries based on
the degree of continuity of the locations of boundaries
between the adjacent acoustic lines;

a boundary estimating section configured to generate an
estimated value by integrating together the pattern simi-
larity and the boundary continuity with respect to the
combination; and

a boundary defining section configured to define a lumen
boundary and an adventitia boundary based on the inte-
grated estimated value.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the template generated by the template generating section
includes at least three regions, one or more of which is a
variable-length region with a variable range length.

4. The ultrasonic diagnostic apparatus of claim 3, wherein
the at least three regions are arranged in order, and

wherein the variable-length region is the middle one of the
at least three regions.

5. The ultrasonic diagnostic apparatus of claim 3, wherein
one of the at least three regions that is located at one end
corresponds to a low-echo tissue region and another one of
the at least three regions that is located at the other end
corresponds to a high-echo tissue region.

6. The ultrasonic diagnostic apparatus of claim 5, wherein
the low-echo tissue region corresponds to a blood flow region
and the high-echo tissue region corresponds to the adventitia
wall of a blood vessel and a body tissue.

7. The ultrasonic diagnostic apparatus of claim 4, wherein
the variable-length region corresponds to an intima-media
region of the blood vessel.

8. The ultrasonic diagnostic apparatus of claim 3, wherein
the pattern similarity calculating section calculates the degree
of similarity by normalizing the length of the variable-length
region.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
the pattern similarity calculating section normalizes the
length of the variable-length region by using the average
intensity of the variable-length region as its intensity.

10. The ultrasonic diagnostic apparatus of claim 1, wherein
the template generated by the template generating section is
made up of two kinds of sub-templates, each of which is
formed of at least two regions, the two kinds of sub-templates
having a variable distance between themselves, and

wherein the pattern similarity calculating section calcu-
lates two degrees of similarity using the two kinds of
sub-templates and then combines and integrates the two
degrees of similarity together to obtain the degree of
similarity.

11. The ultrasonic diagnostic apparatus of claim 10,
wherein the two regions that form each of the two kinds of
sub-templates correspond to a low-echo tissue region and a
high-echo tissue region, respectively.

12. The ultrasonic diagnostic apparatus of claim 10,
wherein the low- and high-echo tissue regions of the two
kinds of sub-templates respectively correspond to either a
blood flow region and an intima-media region or a lumen
boundary and a predetermined tissue region that includes an
adventitia boundary, an arterial adventitia wall and a body
tissue.

13. The ultrasonic diagnostic apparatus of claim 1, wherein
the template generating section changes the coefficient value
of the template to generate according to the contrast of the
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intensity distribution that has been generated by the intensity
distribution generating section.

14. The ultrasonic diagnostic apparatus of claim 1, wherein
the degree of similarity estimated by the pattern similarity
calculating section is defined by an intensity difference
between boundaries as specified by the template that has been
generated by the template generating section.

15. The ultrasonic diagnostic apparatus of claim 1, wherein
the degree of similarity estimated by the pattern similarity
calculating section is defined by a normalized correlation
between the template that has been generated by the template
generating section and the intensity distribution that has been
generated by the intensity distribution generating section.

16. The uvltrasonic diagnostic apparatus of claim 1, further
comprising a posterior wall detecting section configured to
detect a posterior wall region based on the intensity distribu-
tion that has been generated by the intensity distribution
generating section,

wherein the boundary defining section sets the boundaries

only within the posterior wall range detected.

17. The ultrasonic diagnostic apparatus of claim 16,
wherein the posterior wall region detected by the posterior
wall detecting section corresponds to a vascular wall.

18. The ultrasonic diagnostic apparatus of claim 2, wherein
the boundary estimating section calculates the estimated
value by dynamic programming.

19. The ultrasonic diagnostic apparatus of claim 18,
wherein the boundary estimating section calculates the esti-
mated value by using an intensity distribution with a
decreased resolution, and

wherein the boundary defining section tentatively chooses

candidates based on the intensity distribution with the
decreased resolution and then defines the lumen bound-
ary and the adventitia boundary in a region surrounding
the tentatively chosen candidates based on the intensity
distribution with the original resolution.

20. The ultrasonic diagnostic apparatus of claim 18,
wherein the boundary estimating section calculates the esti-
mated value in an acoustic line direction with the candidates
narrowed down, by dynamic programming, to ones that have
either good estimated values or a predetermined estimated
value.

21. The ultrasonic diagnostic apparatus of claim 18,
wherein the boundary continuity calculating section calcu-
lates the degree of continuity between boundaries, which is
defined by a level difference between the boundaries in the
acoustic line direction.

22. The ultrasonic diagnostic apparatus of claim 18,
wherein the pattern similarity calculating section, the bound-
ary continuity calculating section, the boundary estimating
section and the boundary defining section screen the potential
boundary candidates for the lumen boundary and the adven-
titia boundary, and

wherein the boundary defining section defines the lumen

boundary and the adventitia boundary at the same time.

23. The ultrasonic diagnostic apparatus of claim 18,
wherein the boundary continuity calculating section calcu-
lates the degree of continuity between the boundaries, which
is defined as a thickness difference to be determined by the
levels of the lumen and adventitia boundaries in the acoustic
line direction.

24. The ultrasonic diagnostic apparatus of claim 18,
wherein if the pattern similarity calculating section calculates
the degree of similarity while the boundary defining section is
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setting the lumen and adventitia boundaries in a predeter-
mined order and when the level of one of the two boundaries
has not been determined yet,

the pattern similarity calculating section fixes the other
boundary, calculates the degrees of similarity with
respect to a template that has multiple thicknesses asso-
ciated with the level of the one boundary, and defines
either the maximum value or the average value of the
degrees of similarity calculated to be the degree of simi-
larity of the other boundary.

25. The ultrasonic diagnostic apparatus of claim 18,
wherein the boundary defining section compares an estimated
value that has been used to detect a lumen boundary and then
an adventitia boundary with the candidates narrowed down to
ones under the lumen boundary to an estimated value that has
been used to detect the adventitia boundary and then the
lumen boundary with the candidates narrowed down to ones
over the adventitia boundary, and finally adopts a boundary
that has been detected with the better estimated value.

26. The ultrasonic diagnostic apparatus of claim 1, further
comprising an IMT calculating section configured to calcu-
late the thickness of an intima-media based on the levels of the
lumen and adventitia boundaries.

27. A method for measuring the intima-media thickness of
avascular wall based on an echo signal that has been received
from a body in response to a ultrasonic wave that has been
transmitted toward him or her, the method comprising the
steps of:

generating an echo intensity distribution in a depth direc-
tion with respect to the vascular wall based on the echo
signal;

generating a template for use to detect a boundary based on
template data that has been provided in advance to rep-
resent a reference pattern of the echo intensity distribu-
tion;

changing, in combination, the level of the template in the
depth direction and a pattern of the template represent-
ing the intima-media thickness to calculate the degree of
similarity between the template and the intensity distri-
bution on any change made in the level or pattern of the
template;

defining a lumen boundary and an adventitia boundary
based on the degree of similarity that has been calculated
on any change made in the level or pattern of the tem-
plate; and

calculating the intima-media thickness based on the lumen
and adventitia boundaries that have been defined.

28. A method for measuring the intima-media thickness of
avascular wall based on an echo signal that has been received
from a body in response to a ultrasonic wave that has been
transmitted toward him or her, the method comprising the
steps of:

generating an echo intensity distribution in a depth direc-

tion with respect to the vascular wall based on the echo
signal,

generating a template for use to detect a boundary based on

template data that has been provided in advance to rep-
resent a reference pattern of the echo intensity distribu-
tion;

changing, in combination, a pattern of the template repre-

senting the intima-media thickness for each of multiple
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different combinations of candidate boundaries that are
located at mutually different levels in the depth direction
to calculate the degree of similarity between the tem-
plate and the intensity distribution on any change made
in the pattern of the template;

calculating, with respect to the combination selected in
association with multiple adjacent acoustic lines, the
degree of continuity between the boundaries based on a
difference between the intensity values of the echo sig-
nals of the respective acoustic lines;

11
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generating an estimated value by integrating together the
pattern similarity and the boundary continuity with
respect to the combination;

defining a lumen boundary and an adventitia boundary
based on the integrated estimated value; and

calculating the intima-media thickness based on the lumen
and adventitia boundaries that have been defined.

s * * s ok
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