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(57) ABSTRACT

Anultrasonographic device is equipped with selecting means
for selecting a site for detecting the position of a boundary of
an organ of the examinee on the ultrasonic image displayed
onthedisplay means, boundary extracting filter setting means
for setting a boundary extracting filter comprising two areas
which are spaced from each other at a predetermined interval
on the ultrasonic image, and boundary position detecting
means for analyzing pixel data within the boundary extracting
filter set by the boundary extracting filter setting means in the
neighborhood of the site selected by the selecting means to
detect the position of the boundary, the boundary position
detected by the boundary position detecting means being
displayed on the display means under the control of the con-
trol means.
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ULTRASONOGRAPHIC DEVICE AND
ULTRASONOGRAPHIC METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonographic
device and an ultrasonographic method, and particularly to an
ultrasonographic device and an ultrasonographic method that
can accurately extract a boundary (contour) of a target tissue
such as an organ or the like.

BACKGROUND ART

[0002] In an ultrasonographic diagnosis using an ultra-
sonographic device, information on a boundary (contour) of
an organ or the like to which attention is paid is effective
information. For example, with respect to an organ such as a
heart or the like, it is effective to diagnosis that a boundary
(contour) of the left ventricle is extracted and the area sur-
rounded by the boundary (contour) concerned is determined
or the volume of the left ventricle is estimated on the basis of
the boundary (contour).

[0003] For example, a prior art described in Patent Docu-
ment 1 is known as a technique of extracting and displaying a
boundary (contour) of a tissue.

[0004] Patent Document 1: JP-A-8-206117

[0005] According to the prior art disclosed in the Patent
Document 1, the local maximum point of a scalar quantity
representing the gradient of an image signal at each pointina
tomogram is determined and the boundary (contour) of the
tissue is drawn from the local maximum points.

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0006] However, the inventors have reviewed the prior art,
and consequently have found the following problem.

[0007] Thatis, anoise called as a speckle noise is contained
in an ultrasonographic image. It is considered that this
speckle noise appears because scattering waves caused by a
reflectors in a biomedical tissue which is sufficiently smaller
than the wavelength of ultrasonic wave generate at various
phases and interfere in one another (see Patent Document 2 as
a prior art concerning the speckle noise).

[0008] Patent Document 2: JP-A-09-94248

[0009] According to the prior art described in Patent Docu-
ment 1, the boundary (contour) of an organ is extracted from
local maximum points of the scalar quantity representing the
gradient, and thus the effect of blurring caused by the speckle
noise is not considered. Therefore, there occurs such a prob-
lem that the boundary is extracted at the boundary (contour)
of an organ under the state that a higher pixel density area
protrudes into a lower pixel density area by the amount cor-
responding to a blurring width. For example, when the bound-
ary of the left ventricle of a heart is extracted, the wall of the
heart protrudes into the inside of the heart by the amount
corresponding to a blurring width, and thus there occurs a
problem that the size of the left ventricle is smaller than the
actual size.

Means of Solving the Problem

[0010] According to the present invention, an ultrasono-
graphic device having an ultrasonic probe for transmitting/
receiving an ultrasonic wave to an examinee, image generat-
ing means which is connected to the ultrasonic probe and
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generates an ultrasonic image on the basis of an ultrasonic
signal obtained by the ultrasonic probe, a controller which is
connected to the ultrasonic probe and the image generating
means to control the ultrasonic probe and the image generat-
ing means, and display means which is connected to the
image generating means and the controller and displays the
ultrasonic image generated by the image generating means
under the control of the controller, is characterized by further
comprising selecting means for selecting a site for detecting
the position of a boundary of an organ of the examinee on the
image displayed on the display means, boundary extracting
filter setting means for setting a boundary extracting filter
comprising two areas which are spaced from each other at a
predetermined interval on the ultrasonic image, and boundary
position detecting means for analyzing pixel data within the
boundary extracting filter set by the boundary extracting filter
setting means in the neighborhood of the site selected by the
selecting means to detect the position of the boundary, the
boundary position detected by the boundary position detect-
ing means being displayed on the display means under the
control of the controller.

[0011] Furthermore, according to the present invention, an
ultrasonographic method that can extract the position of a
boundary of an organ displayed on an ultrasonic image com-
prises:

[0012] (1) a step of indicating a site for extracting the
boundary on the ultrasonic image;

[0013] (2)astepofcalculating a blurring width of animage
in the neighborhood of the site set in the step (1);

[0014] (3) a step of setting as a boundary extracting filter
two areas having a gap corresponding to the blurring width
calculated in the step (2);

[0015] (4) a step of determining the intensity of the bound-
ary by analyzing pixel values in the two areas while varying
the position and/or gradient of the boundary extracting filter
set in the step (3);

[0016] (5) a step of extracting the position of the boundary
by determining the position and/or gradient at which the
boundary intensity is maximum or equal to a predetermined
value or more in the step (4); and

[0017] (6) a step of calculating the area of an area sur-
rounded by the boundary or the volume of an organ repre-
senting an area surrounded by theboundary on the basis of the
boundary position determined in the step (5).

EFFECT OF THE INVENTION

[0018] An object of the present invention is to extract an
contour with high precision in consideration of a blurting
width appearing on an image in an ultrasonographic device
for extracting a boundary (contour) of an organ by using an
ultrasonic image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1is a block diagram showing the overall con-
struction of an ultrasonographic device according to an
embodiment 1 of the present invention.

[0020] FIG. 2 is a diagram showing the internal of a con-
troller 3.
[0021] FIG. 3 is a diagram showing an example of image

data to be subjected to boundary extraction processing of the
embodiment 1.
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[0022] FIG. 4 is a diagram showing the comparison
between a boundary position 18 calculated by a conventional
method and an actual boundary position 19.

[0023] FIG. 5 is a flowchart of the boundary extraction
processing according to the embodiment 1.

[0024] FIG. 6 is a diagram showing what speckle generates
in accordance with the type of an ultrasonic probe being used.
[0025] FIG.7isa filter shape of aboundary extraction filter
having two areas.

[0026] FIG. 8 is a diagram showing how the boundary
between two areas 28-1, 28-2 is blurred due to speckles
appearing on an image.

[0027] FIG.9 is a diagram showing a boundary extracting
filter created when a boundary formed in a closed area is
accurately extracted.

[0028] FIG. 10 is a diagram showing a statistical value for
calculating a boundary intensity by using a separability.
[0029] FIG. 11 is adiagram showing a boundary extraction
filter which is set to be bent in a gap area between two areas
in accordance with bending of an estimated boundary.
[0030] FIG.12 is adiagram showing a boundary extracting
filter for properly extracting a boundary position from a four-
chamber view or short-axis view of a heart.

[0031] FIG. 13 is a flowchart of a boundary extraction
processing of an embodiment 2.

[0032] FIG. 14 is a diagram showing an example when the
interval between two filter areas is varied without changing
the shapes of the two filter areas.

[0033] FIG. 15 is a diagram showing an example when the
shapes of the two filter areas are changed.

DESCRIPTION OF REFERENCE NUMERALS

[0034] 7 boundary extracting site indicating means, 8
boundary extraction calculating means, 9 organ measuring
means, 10 image blurring width calculating means, 11 filter
shape creating/deforming means, 12 boundary intensity cal-
culating means, 13 boundary position detecting means

BEST MODES FOR CARRYING OUT THE
INVENTION

[0035] An ultrasonographic device according to embodi-
ments of the present invention will be described with refer-
ence to the drawings.

Embodiment 1

[0036] FIG.1 is a block diagram showing the overall con-
struction of an ultrasonographic device according to an
embodiment 1 of the present invention.

[0037] According to FIG. 1, the ultrasonographic device
comprises an ultrasonic probe 1 for transmitting/receiving an
ultrasonic wave, an image generator 2 which is connected to
the ultrasonic probe 1 and generates an ultrasonic image on
the basis of an ultrasonic signal received by the ultrasonic
probe, a controller 3 such as CPU (Central Processing Unit)
which is connected to each constituent element of the ultra-
sonographic device for controlling the operation of each con-
stituent element and performing calculation processing or the
like, an operating unit 4 which is connected to each constitu-
ent element of the ultrasonographic device and through which
an operator such as a medical staff or the like operates the
ultrasonographic device by using input equipment (keyboard,
mouse, trackball, touch panel or the like), a storage unit 5
which is connected to each constituent element of the ultra-
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sonographic device and stores image data, programs, etc., and
adisplayunit 6 such as CRT, a liquid crystal display or the like
which is connected to each constituent element of the ultra-
sonographic device and displays an image, a measurement
result or the like.

[0038] The ultrasonic probe 1 transmits/receives an ultra-
sonic wave to an examinee, and it may be designed as a linear
type in which transducers are linearly arranged, a sector type
in which the angle of a beam can be changed by driving
transducers with time lags, a convex type in which transduc-
ers are arranged in a convex shape and scanning is carried out
while shifting the transducer group or the like. The ultrasonic
probe 1 converts an ultrasonic wave (ultrasonic echo)
reflected and returned from the inside of the tissue of the
examinee to an electrical signal, and then transmits the elec-
trical signal to the image generator 2.

[0039] Theimage generator 2 receives as an input signal the
signal which is received and converted to the electrical signal
by the ultrasonic probe 1, and generates a B mode image. The
input signal concerned is passed through a phasing adder, a
logarithmic amplifier, an envelope detector, an A/D converter
and a scan converter in the image generator 2 and then con-
verted to the B mode image.

[0040] The controller 3 loads a control program for the
ultrasonographic device which is stored in the storage unit 5
or the like, and executes it. The controller 3 makes an opera-
tion instruction to each constituent element of the ultrasono-
graphic device, and performs timing control and operation
processing.

[0041] The operating unit 4 is an input device such as a
keyboard, amouse, atrackball, atouch panel or the like on the
ultrasonographic device, and a diagnosing person such as a
medical staff or the like uses the input device to adjust image
quality, instruct measurements, input information, etc.

[0042] Thestorage unit5 is a device for storing image data,
the control programs, etc., and it is a hard disk, a general-
purpose memory, a frame memory or the like. The image data
stored in the storage unit 5 are obtained B mode images and a
file having an image format which can be displayed on gen-
eral PC.

[0043] The display unit 6 is a CRT, a liquid crystal display
or the like which displays, on a screen, image data and mea-
surement values and images obtained by graphing the mea-
surement values concerned.

[0044] Furthermore, FI1G. 2 shows the inside of the control-
ler 3 according to the embodiment 1 of the present invention.
According to FIG. 2, the controller 3 is equipped with bound-
ary extracting site indicating means 7 for indicating a site on
an ultrasonic image around which a boundary of an organ
should be extracted, boundary extracting calculating means 8
for extracting the boundary of the organ around the site indi-
cated by the boundary extracting site indicating means 7 by
calculation, and organ measuring mean 9 for calculating vari-
ous kinds of physical quantities, that is, the distance such as
the size of the organ, etc., the area on the image of the organ,
the estimated value of the volume of the organ, etc. on the
basis of the boundary extracted by the boundary extracting
calculating means 8.

[0045] The boundary extracting site indicating means 7 is
means for indicating by the input device the neighborhood of
a boundary extraction target on the image displayed on the
screen of the display unit 6 by an operator. The boundary
extraction site indicating mans 7 may execute signal process-



US 2009/0163812 A1

ing on the pixel values of obtained image data to automati-
cally determine the boundary extraction site.

[0046] The boundary extracting calculating means 8 calcu-
lates an image blurring width of an extraction target image
which is indexed in the boundary extraction site indicating
means 7, and selects a proper filter in consideration of the
image blurring width concerned to detect the boundary posi-
tion, it comprises the image blurring width calculating means
10, filter shape creating/deforming means 11, boundary
intensity calculating means 12 and boundary position detect-
ing means 13.

[0047] First, the image blurring width calculating means 10
is means for calculating the size of speckles by using pixel
values around the boundary extraction site indicated by the
boundary extraction site indicating means 7. A density cooc-
currence matrix or an autocorrelation function is used as a
method of calculating the size of the speckle.

[0048] Next, the filter shape creating/deforming means 11
creates and deforms the boundary extraction filter. For
example, the filter shape creating/deforming means 11 cre-
ates a filter comprising two areas which are spaced from each
other at only the interval corresponding to the distance based
on the size of the speckle calculated in the image blurring
width calculating means 10. If the shape of a boundary to be
extracted is known, the filter shape creating/deforming means
11 may deform the filter shape in conformity with the shape of
the boundary concerned.

[0049] Next, the boundary intensity calculating means 12
calculates the boundary intensity by using pixel values within
two areas at each position and/or gradient, for example, by
calculating a separability described later or the like_while the
position and/or gradient of the boundary extracting filter cre-
ated by the filter shape creating/deforming means 11 is
moved.

[0050] Next, the boundary position detecting means 13
detects the position and/or gradient of the boundary extract-
ing filter at which the boundary intensity calculated by the
boundary intensity calculating means 12 is equal to the maxi-
mum value or a predetermined value or more while moving
and scanning the position and/or gradient of the boundary
extracting filter. The coordinate value of the boundary posi-
tion of an extraction target is obtained on the basis of the
position of the detected boundary extraction filter.

[0051] Furthermore, the organ measuring means 9 calcu-
lates various kinds of physical quantities concerning the
boundary-extracted organ such as the distance, the area, the
volume, etc. by using the coordinate values of the extracted
boundary positions. For example, the organ measuring means
9 calculates the physical quantities such as the size of a tumor
of an affected area as a target area, etc. with high precision.
[0052] Next, an example of the image data to be subjected
to the boundary extraction processing of the embodiment 1 is
shown in FIG. 3. In FIG. 3, 14 represents image data, 15
represents a beam direction, 16 represents a beam depth, 17-1
to 17-3 represent speckles, and 18 represents a boundary
position. In 17-1 to 17-3, the speckles are reduced in size in
order of 17-1—+17-2—17-3, and the depth is shallower. That
is, the size of the speckle is larger as the depth is larger.
[0053] Next, FIG. 4 shows the comparison between the
boundary position 18 calculated by the conventional method
and the actual boundary position 19. According to FIG. 4, a
large error occurs between the boundary position 18 calcu-
lated by the conventional method and the actual boundary
position 19.
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[0054] Next, the flowchart of the boundary extraction pro-
cessing of the embodiment 1 will be described with reference
to FIG. 5.

[0055] First, the ultrasonographic device obtains image
data 14 by picking up an image of an organ of a patient or the
like, and starts boundary extraction of a target area such as the
organ concerned or the like by the ultrasonic probe 1 and the
image generator 2.

(Step 20)

[0056] First, the ultrasonographic device manually or auto-
matically selects and inputs a site as a boundary extraction
target by the boundary extracting site indicating means 7.
(Step 21)

[0057] Next, the ultrasonographic device calculates a blur-
ring width on an image at the boundary extraction site indi-
cated in step 20 by the image blurring width calculating
means 10. Specifically, texture analysis is carried out on pixel
value data around the boundary extraction site, and speckles
appearing on the image are approximated by elliptical shapes.
The half distance of the width (the length in the major axis or
minor axis) of each approximated ellipse is defined as a
blurring width.

[0058] A method of determining a density cooccurrence
matrix or an autocorrelation function is used as an example of
the texture analysis. (For example, see O. Bassel, et al; “TEX-
TURE ANALYSIS OF ULTRASONIC IMAGES OF THE
PROSTATE BY MEANS OF CO-OCCURRENCE MAT-
RICS”” ULTRASONIC IMAGING 15, 218-237 (1993), B. 1.
Oosterveld et al: “TEXTURE OF B-MODE ECHOGRAMS:
3-D SIMULATIONS AND EXPERIMENTS OF THE
EFFECTS OF DIFFRACTION AND SCATTERER DEN-
SITY” ULTRASONIC IMAGING 7, 142-160 (1985)). By
executing the texture analysis as described above, the blurring
width can be calculated by using only information obtained
from the received signal even when parameters concerning
the sound field of ultrasonic waves affecting the blurring
width in the ultrasonic image (or the distance of the half of the
speckle width, for example) are unclear.

[0059] Here, FIG. 6 shows what speckle generates in accor-
dance with the type of the ultrasonic probe being used. FIG.
6(a) shows an example of a linear type ultrasonic probe 25-1.
With respect to a speckle 17 approximated by an ellipse, the
major axis and the minor axis thereof are coincident with the
horizontal direction and the vertical direction on the screen.
Therefore, when the size of a speckle is extracted by the
ellipse approximation, a blurring width is calculated while the
directions of the major axis and the minor axis are made
coincident with the horizontal direction and the vertical direc-
tion on the screen.

[0060] On the other hand, FIG. 6(5) shows an example of a
sector type ultrasonic probe 25-2. With respect to aspeckle 17
approximated by an ellipse, one of the major axis and the
minor axis is directed in obliquely on the screen, and it serves
as an ultrasonic wave transmission/reception direction.
Therefore, when the size of the speckle is extracted by the
ellipse approximation, the blurring width is calculated while
one of the major axis and the minor axis is made coincident
with the oblique direction on the screen, that is, the ultrasonic
wave transmission/reception direction.

(Step 22)
[0061] Subsequently. a boundary extraction filter having
two areas represented by 26-1, 26-2 in FIGS. 7(a), (&) is
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created by the filter shape/deforming means 11. The bound-
ary extracting filter (27-1, 27-2) in this step comprises the two
areas 0 26-1, 26-2, and the distance 29 between the confront-
ing sides 28-1, 28-2 of the two areas is equal to the blurring
width calculated in step 21.

[0062] Here, it will be described with reference to FIG. 8
how the boundary between two areas 30-1, 30-2 is blurred in
accordance with the speckle appearing on the image. First,
FIG. 8(a) shows two areas and an actual boundary position 18
located between the areas. FIG. 8(b) shows one of speckles 17
appearing on an image, and 17-4 represents the width of the
speckle in the lateral direction of the drawing. FIG. 8(¢)
shows the profile of an ultrasonic image, and also shows a
pixel variation of a line segment traversing the actual bound-
ary position. According to this, it is apparent that the area
(30-2) having higher pixel values protrudes to the left side on
the drawing because the speckle has a width in the lateral
direction on the drawing. When the boundary extraction dis-
closed in the Patent Document 1 is directly applied by using
the profile as shown in FIG. 8(c¢), the boundary position is
extracted at a position different from the original position as
represented by 18. Therefore, in order to detect the actual
boundary position in this step, a boundary extraction filter
must be created so that the position at which a parameter (the
intensity described later) for detecting the boundary position
is maximum becomes the actual boundary position 19.
[0063] The lower sides of FIGS. 7(a), (b) show the same
profiles as shown in FIG. 8(¢) under the condition that the
right side on the drawing at the lower side of FIG. 7(a) shows
a case where the pixel value is high and the left side on the
drawing at the lower side of FIG. 7(b) shows a case where the
pixel value is high. In the boundary extraction filter created in
this step, the distance between the confronting sides 28-1,
28-2 in the two areas 26-1, 26-2 is equal to the blurring width
of the profile at the lower sides of FIGS. 7(a), (5). This
blurring width is determined in step 21, and it is set to the half
value of the speckle width in FIG. 8(5), for example.

[0064] FIG. 9 shows a boundary extraction filter created
when a boundary formed by a closed area is accurately
extracted. More specifically, as indicated by the profile of
pixel values at the lower side of FIG. 9, the boundary between
each surrounding area (31-1, 31-2) having high pixel values
and an area (31-33) having low pixel values surrounded by the
areas (31-1 and 31-2) having the high pixel values is detected.
[0065] Inthis case, as shown at the upper side of FIG. 9, an
inner circular area 32-1 and an outer ring-shaped area 32-2 are
spaced from each other through the gap 33 corresponding to
the blurring width calculated in step 21, thereby creating the
boundary extraction filter.

(Step 23)

[0066] Subsequently, the boundary creating filter created in
the processing of the step 22 is scanned in the image to
perform a boundary intensity calculation by the boundary
intensity calculating means 12. The boundary intensity cal-
culation will be described in a case where the separability
corresponding to theratio between the interclass variance and
the total variance of the two areas described later is used, for
example. The interclass variance and the total variance of the
two areas is described in Magazine of papers of Institute of
Electronics and Communication Engineers of Japan, vol.
J63-D, No. 4, pp 349-356. With respect to the interclass
variance, the pixel data within the two areas are respectively
averaged every area and then the variance value thereof is
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obtained. With respect to the total variance, the pixel data
within the two areas are directly used to determine the vari-
ance value. The details of the calculation of the separability in
this embodiment will be described by using FIG. 10 and
equations (1) to (3).

[0067] FIG. 10 is a diagram showing the calculation of a
statistical value for calculating the boundary intensity by
using the separability, and two areas 26-1 and 26-2 and a
blurring width 29 are shown.

[0068] As shown in FIG. 10, when the numbers of pixels of
the areas 26-1 and 26-2 are represented by N, and N,, the
brightness average value of each area is represented by 1, , 11,
the brightness average value of the combined area of the areas
26-1 and 26-2 is represented by and the brightness value of
each pixel is defined by Pi (1=i=N,, 1=i=N,), the degree
separability m is represented by the following equations (1) to

3).

Equation (1)

n=ciic W
Equation (2)

o5 = N1 = g%+ Mol - )’ @
Equation (3)

NyNp (©)

oGz ), Pi-u?

=1

(Step 24)

[0069] The equations (1) to (3) are calculated while the
boundary extraction filter as indicated by 26-1, 26-2 of FIG.
7 is scanned on the image by moving the boundary extraction
filter to various positions and/or with various gradients, and it
is calculated how the separability (the boundary intensity)
varies. A boundary intensity distribution as shown in FIG.
8(d) is determined, and the position at which the boundary
intensity is maximum is determined as an actual boundary
position 19 for the detection.

[0070] However, the boundary extraction filters shown in
FIGS. 7(a) and () have the same shape, however, the direc-
tion of the area having the high pixel values is different
between FIGS. 7(a) and 7(b). Therefore, the extraction
boundary position is varied between them. For example, in
the case of FIG. 7(a), the right side on the drawing has higher
pixel values, and thus the position of an edge of the area 26-2
which is set at the higher pixel-value side out of the two areas
constituting the boundary extraction filter and nearer to the
other area (26-1) is extracted as a reference point (33) for
detecting the boundary position. Furthermore, in the case of
FIG. 7(b), the left side on the drawing has higher pixel values,
and thus the position of an edge of the area 26-1 which is set
at the higher pixel-value side out of the two areas constituting
the boundary extraction filter and nearer to the other area
(26-2) is extracted as a reference point (34) for detecting the
actual boundary position 19.

[0071] In acase where a boundary extraction filter created
when a boundary formed by a closed area as shown in FIG. 9
is accurately extracted is used, an inside position of the area at
the higher pixel-value side (the ring-shaped area 32-2 at the
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outside in the example of FIG. 9) is extracted as a reference
point (35) for detecting the actual boundary position 19.
[0072] When the boundary extracting processing of a target
area is finished through the processing from the step 20 to the
step 24, the determined boundary position (boundary infor-
mation) is displayed on the display unit 6, the physical quan-
tities such as the size, etc. of the target area are calculated by
using the boundary information of the target area whose
boundary is extracted by the organ measuring means 9, and
the calculation values are displayed and recorded.

[0073] According to the ultrasonographic device according
to the embodiment 1, the blurring width is calculated from the
ultrasonic image, the shape and size of the boundary extrac-
tion filter are set on the basis of the blurring width, and the
boundary position of the target area is extracted, so that the
boundary extraction of the target area can be performed with
high precision. More specifically, the boundary extraction
filter used in this embodiment comprises two areas, and the
widthof the gap sandwiched between the two areas is equal to
the blurring width calculated from the ultrasonic image.
Therefore, in consideration of the blurring width (that is, the
distance corresponding to the half of the size of the speckle
appearing on the ultrasonic image), the actual boundary posi-
tion can be extracted with high precision. In the conventional
boundary extraction method, the boundary extraction is car-
ried out on the assumption that the pixel value stepwise varies
at the boundary, so that the detection precision of the bound-
ary position is lowered as the boundary appearing on the
actual image is more dull due to the effect of the speckle or the
like. In the present invention, the boundary extraction is car-
ried out on the assumption that the boundary becomes dull
due to the effect of the speckle or the like, and thus the
boundary position can be always extracted with the same
level of accuracy as the case where the boundary on the image
is not dull at all times. By using the coordinate of the calcu-
lated actual boundary position, the physical quantities such as
the size, etc. of the target area can be accurately calculated,
and the accurate ultrasonography can be performed by using
the calculation values.

[0074] The size of the speckle (for example, the amount
corresponding to the blurring width) is larger as the image
obtaining depth in the examinee is larger. Accordingly, it is
desired to vary the interval of the two areas constituting the
boundary extraction filter in accordance with the image
obtaining depth.

[0075] Furthermore, it is desired that the boundary extrac-
tion filter to be set is set so as to reflect the boundary shape of
the target site. The boundary extracting filter having the shape
as shown in FIG. 7 or 9 may be used, however, when an
expected boundary is bent or a specific portion of a heart or
the like is extracted, a boundary extraction filter having a
shape as shown in FIG. 11 or 12 may be used in connection
with the situation. In FIG. 11, 36-1 and 36-2 represent two
areas constituting a boundary extraction filter, and the area of
the gap sandwiched between the two areas is set to be bent in
accordance with the bending of an estimated boundary.
[0076] FIG. 12(a) is a diagram showing a four-chamber
view of a heart. The filters represented by 37-1 to 37-5 are
used to properly extract boundary positions of places 38-1 to
38-5 of the four-chamber view of the heart. Furthermore, FIG.
12(b) is a diagram showing a short-axis view of a heart. The
filters represented by 39-1, 39-2 are used to properly extract
the boundary positions of places 40-1 to 40-2 of the short-axis
view of the heart. When the characterizing portion of the heart
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is extracted as described above, a filter having the shape of a
structure such as a cardiac valve or a papillary area which is
characterized in shape may be created. If the contour of the
heart or the like can be properly extracted by using the bound-
ary extraction filter as shown in FIG. 12, it can be prevented
that the contour of a cavity is inwardly blurred and the value
of the volume of the cavity is underestimated when the vol-
ume of the cavity of the heart is measured or the like.

Embodiment 2

[0077] Next, an embodiment 2 according to the present
invention will be described with reference to FIGS. 13 to 15.
The embodiment 2 is an example in which the boundary
position is extracted in a searching style by using the bound-
ary extraction filter according to the present invention when
the blurring width of the image or the information concerning
the shape of the boundary as an extraction target is unknown
or calculation is impossible for some reason.

[0078] For example, when the distribution of speckles in
the target area of the obtained image is not uniform, the size
of the speckles cannot be accurately calculated because the
statistical property of the speckle itself is not reflected by the
density cooccurrence matrix or the autocorrelation function.
In such a case, the boundary position can be searched accord-
ing to the flowchart of FIG. 13. The respective steps of the
flowchart of FIG. 13 will be successively described.

(Step 40)

[0079] First, the ultrasonographic device indicates a
boundary extraction site manually or automatically by the
boundary extraction site indicating means 7.

(Step 41)

[0080] Subsequently, in this embodiment, since the blur-
ring width or the shape on the ultrasonic image is unknown, a
boundary extracting filter which comprises two areas and has
a properly initial shape is created by the filter shape creating/
deforming means 11.

(Step 42)

[0081] Subsequently. the boundary intensity is succes-
sively calculated by the method described with reference to
the step 23 while varying some of the interval between the
filter areas, the shape, the position and the gradient of the
boundary extraction filter comprising the two areas indicated
in step 41, thereby determining the distribution of the bound-
ary intensity.

[0082] For example, FIG. 14 is a diagram showing an
example in which the interval between the two filter areas is
varied without changing the shapes of the two filter areas.
When the boundary intensity is successively calculated in this
step while varying the interval between the filter areas, the
interval between the filter areas is varied from 44-1 to 44-2,
and the boundary extraction filteris also changed from 45-1 to
45-2.

[0083] FIG. 15 is a diagram showing an example in which
the shapes of the two filters are changed. In the example of
FIG. 15, the shapes of the confronting sides of the two filter
areas are successively changed in order of 46-1, 46-2 and
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46-3, and a boundary extraction filter which is most fitted to
the bending of the boundary line as an extraction target can be
searched.

(Step 43)

[0084] Instep40,the boundary intensity is calculated while
varying some of the interval between the filter areas, the
shape. the position and the gradient of the boundary extrac-
tion filter, and the interval between the filter areas, the shape
and the position which provide the maximum boundary inten-
sity are determined. When the interval between the filter areas
is coincident with the blurring width of the target area of the
ultrasonic image, the shape is coincident with the shape of the
boundary to be extracted and the position is coincident with
the position of the boundary to be extracted, the boundary
intensity is maximum and thus the position of the boundary is
extracted.

[0085] In acase where the interval between the filter areas
is varied, when the interval between the filter areas is varied
from a small one to a larger one, the boundary intensity
gradually increases until the size of the interval between the
filter areas is coincident with the blurring width. However,
when the boundary intensity increases to some degree or
more, the boundary intensity does not further increase.
Accordingly, when the boundary intensity is calculated while
the interval between the filter areas is changed, it is estimated
to be better that the interval between the filter areas is varied
from a smaller one to a larger one, the interval at which the
value of the boundary intensity starts to be saturated at the
maximum value is searched, and the boundary position is
detected on the basis of the interval concerned.

[0086] According to this embodiment, when the blurring
width of the image or the information concerning the shape of
the boundary as an extraction target is unknown, or when the
calculation is impossible for some reason, the actual bound-
ary position can be detected by scanning the image while
changing some of the boundary extraction filter, the interval
between the filter areas, the shape and the position and search-
ing the position at which the boundary intensity is maximum.
[0087] Furthermore, the physical quantities such as the
size, etc. of the target area can be accurately calculated by
using the coordinates of the calculated actual boundary posi-
tions, and accurate ultrasonography can be performed by
using the values of the physical quantities.

[0088] The present invention is not limited to the above
embodiments, and various modifications may be executed
without departing from the subject matter of the present
invention. For example, the present invention is not limited to
the ultrasonographic device, but also applicable to image
measurement which is performed offline on an electrical
computer such as a personal computer or the like. In FIG. 7,
the boundary extraction filter comprises two rectangular
areas, however, it may comprise areas having a circular shape.
The size of the two areas may be arbitrary, and it may be an
area comprising a small number of pixels. Furthermore, the
distance corresponding to the half value of the width (the
length in the major axis or the minor axis) of the ellipse with
which the speckle determined in step 21 is approximated is set
as the blurring width, and used to create the boundary extrac-
tion filter in step 22. However, it is needless to say that the
distance corresponding to any value other than the halfvalue
may be calculated as the blurring width in accordance with
the property or the like of the speckle concerned. Further-
more, the parameter used as the boundary intensity may be

Jun. 25, 2009

the separability indicated by the equations (1) to (3). How-
ever, it is needless to say that any index representing the
difference degree between the image data contained in the
two areas may be used, or an index based on another calcu-
lation method may be used.

1. An ultrasonographic device having an ultrasonic probe
for transmitting/receiving an ultrasonic wave to an examinee,
image generating means which is connected to the ultrasonic
probe and generates an ultrasonic image on the basis of an
ultrasonic signal obtained by the ultrasonic probe, a controller
which is connected to the ultrasonic probe and the image
generating means to control the ultrasonic probe and the
image generating means, and display means which is con-
nected to the image generating means and the controller and
displays the ultrasonic image generated by the image gener-
ating means under the control of the controller, characterized
by further comprising selecting means for selecting a site for
detecting the position of a boundary of an organ of the exam-
inee on the image displayed on the display means, boundary
extracting filter setting means for setting a boundary extract-
ing filter comprising two areas which are spaced from each
other at a predetermined interval on the ultrasonic image, and
boundary position detecting means for analyzing pixel data
within the boundary extracting filter set by the boundary
extracting filter setting means in the neighborhood of the site
selected by the selecting means to detect the position of the
boundary, the boundary position detected by the boundary
position detecting means being displayed on the display
means under the control of the controller.

2. The ultrasonographic device according to claim 1, fur-
ther comprising boundary intensity calculating means for
analyzing pixel values within the two areas are while the
boundary extracting filter set by the boundary extracting filter
setting means is varied in position and/or gradient in the
neighborhood of the site selected by the selecting means,
thereby determining a boundary intensity, wherein the
boundary position detecting means determines a position
and/or a gradient of the boundary extraction filter at which the
boundary intensity is maximum or a predetermined value or
more, thereby detecting the position of the boundary.

3. The ultrasonographic device according to claim 2,
wherein an index representing the difference degree between
pixel data contained in the two areas is used as the boundary
intensity.

4. The ultrasonographic device according to claim 2,
wherein the boundary intensity is the separability obtained by
dividing an interclass variance by a total variance, the inter-
class variance being obtained by averaging the pixel data
within the two areas every area and then calculating a vari-
ance value, and the total variance being obtained by calculat-
ing a variance value by directly using the pixel data within the
two areas.

5. The ultrasonographic device according to claim 2,
wherein the boundary extraction filter set by the boundary
extraction filter setting means is changeable in the interval
between the two areas, shape, position or gradient, the bound-
ary intensity calculating means successively calculates the
boundary intensity while changing the interval between the
two areas, the shape, the position or the gradient, and the
boundary position detecting means detects the position of the
boundary on the basis of the interval between the two areas,
the shape, the position or the gradient at which the boundary
intensity is maximum.
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6. The ultrasonographic device according to claim 1,
wherein the two areas comprise two areas at a higher pixel-
value side and a lower pixel-value side, on the basis of infor-
mation of a position and/or gradient of the boundary extrac-
tion filter at which the boundary intensity is maximum, the
boundary position detecting means sets, as the position of the
boundary, an edge which faces the low pixel-value side out of
the surrounding area surrounding the area at the higher pixel-
value side at the position concerned.

7. The ultrasonographic device according to claim 1, fur-
ther comprising organ measuring means for calculating the
area of the area surrounded by the boundary or the volume of
an organ representing the area surrounded by the boundary on
the basis of the boundary position determined by the bound-
ary position extracting means.

8. The ultrasonographic device according to claim 1, fur-
ther comprising blurring width calculating means for calcu-
lating a blurring width on the ultrasonic image at the site
selected by the selecting means, wherein the boundary extrac-
tion filter setting means determines the interval between the
two areas on the basis of the blurring width calculated by the
blurring width calculating means.

9. The ultrasonographic device according to claim 8§,
wherein the two areas have rectangular shapes, and the
boundary extraction filter setting means sets the distance
between confronting sides of the two areas so that the distance
is equal to the blurring width.

10. The ultrasonographic device according to claim 8,
wherein the two areas comprise a ring-shaped area at the
outside and a circular shaped area at the inside, and the
boundary extraction filter setting means sets the width of a
gap sandwiched between the two areas so that the width is
equal to the blurring width.

11. The ultrasonographic device according to claim 8,
wherein the shapes of the two areas by the boundary extrac-
tion filter setting means are made to reflect the shape of the
boundary of a target site to be extracted.

12. The ultrasonographic device according to claim 8,
wherein the blurring width calculating means determines the
size of the ellipse every depth in accordance with variation of
the size of the speckle in accordance with the depth in the
ultrasonic wave transmission/reception direction on the ultra-
sonic image, thereby calculating the blurring width. and the
boundary extraction filter setting means sets a boundary
extracting filter whose interval is varied in conformity with
the variation of the size of the speckle in accordance with the
depth.

13. The ultrasonographic device according to claim 8,
wherein the two areas are circular in shape and set to be
spaced from each other at the distance corresponding to the
blurring width.
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14. The ultrasonographic device according to claim 8,
wherein the blurring width calculating means calculates the
blurring width on the image by texture analysis.

15. The ultrasonographic device according to claim 14,
wherein the texture analysis is executed by calculating a
density cooccurrence matrix or an autocorrelation function
with the image data of the ultrasonic image.

16. The ultrasonographic device according to claim 14,
wherein the blurring width calculating means approximates a
speckle appearing on the ultrasonic image by the shape of an
ellipse, and determines the size of the ellipse to thereby cal-
culate the blurring width.

17. The ultrasonographic device according to claim 16,
wherein the distance of the half value of the length in the
minor axis or major axis of the speckle-approximating ellipse
is calculated as the blurring width.

18. The ultrasonographic device according to claim 14,
wherein the blurring width calculating means executes the
texture analysis in consideration of the direction on the ultra-
sonic image of the speckle which varies in accordance with
the type of the ultrasonic probe.

19. The ultrasonographic device according to claim 16,
wherein when the ultrasonic probe is a linear type, the blur-
ring width calculating means sets the direction of the minor
axis or the major axis of the ellipse for approximating the
speckle to a vertical direction or a horizontal direction on the
screen of the display means, and when the ultrasonic probe is
a sector type, the direction of the ultrasonic wave beamn is set
to the minor axis or the major axis of the ellipse.

20. An ultrasonographic method that can extract the posi-
tion of a boundary of an organ displayed on an ultrasonic
image comprising:

(1) astep of indicating a site for extracting the boundary on

the ultrasonic image;

(2) a step of calculating a blurring width of an image in the
neighborhood of the site set in the step (1);

(3) astep of setting as a boundary extracting filter two areas
having a gap corresponding to the blurring width calcu-
lated in the step (2);

(4) a step of determining the intensity of the boundary by
analyzing pixel values in the two areas while varying the
position and/or gradient of the boundary extracting filter
set in the step (3);

(5) a step of extracting the position of the boundary by
determining the position and/or gradient at which the
boundary intensity is maximum in the step (4); and

(6) a step of calculating the area of an area surrounded by
the boundary or the volume of an organ representing an
area surrounded by the boundary on the basis of the
boundary position determined in the step (5).
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