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An area dividing unit 103 divides an ultrasound image into
sub-areas in accordance with an initial contour. An evalua-
tion value calculating unit 104 calculates evaluation values
on the basis of information which includes, for example,
brightness value-related information (e.g. contrast distribu-
tion) and position-related information (e.g. a distance from
a reference point) of each of the sub-areas, and shape-related
information (e.g. presence/absence of an edge). An area
selecting unit 106 selects one or more sub-areas according to
the calculated evaluation values. An each area processing
unit 105 performs image processing appropriate to the
selected sub-areas. An image reconstructing unit 107 recon-
structs the ultrasound image using the sub-areas for which

(51) Int. CL7 e GO6K 9/48; GO6K 9/00 image processing has been performed.
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IMAGE PROCESSING DEVICE AND ULTRASONIC
DIAGNOSTIC DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] This invention relates to an ultrasonic diagnostic
device that generates an ultrasound image used in such a
field as clinical medicine, and to an image processing device
that processes an image displayed on various kinds of
image-related devices, mobile phones and the like, and
particularly to a technique for improving image quality such
as contour extraction performed for the above-mentioned
images.

[0003]

[0004] Image processing is sometimes performed by ultra-
sonic diagnostic devices, a wide range of image-related
devices and the like for a specific object in an image (e.g. a
soft tissue of a living body, a face) so as to extract its
contour.

[0005] Ultrasonic diagnostic devices have been widely
used as indispensable devices in such a filed as clinical
medicine, since they are capable of obtaining a two-dimen-
sional (2D) image of an object to be examined without
invasion as well as offering a high level of safety to a living
body. The same is also applicable to other devices utilizing
an ultrasonic wave employed in other fields.

[0006] Generally, an ultrasonic diagnostic device receives
an echo obtained when ultrasound emitted from an ultra-
sonic probe is partially reflected on reflection points and
surfaces of tissue of an object of a living body to be
examined, and generates an ultrasound image based on the
received echo of the examined object. Since this reflected
wave (ultrasonic echo) is feeble compared with the emitted
ultrasound, amplification process (gain process) is per-
formed for such reflected wave when a brightness signal is
generated for displaying an image. Amplification (gain)
control, i.e. brightness control for image quality, is conven-
tionally conducted through a method known as STC (Sen-
sitivity Time Control) in which a plurality of sliders (e.g. 16
sliders) classified according to the depth level of an exam-
ined object are operated for making control. (Note that
processing utilizing a logarithmic amplifier is used in some
cases.)

[0007] As described above, amplification process per-
formed by a conventional ultrasonic diagnostic device is
intended to control image quality by manually controlling
contrast and dynamic range of an ultrasound image.

[0008] Meanwhile, by calculating values including the
area/volume of a fetus and internal/circularly organs as well
as the amount of their variations on the basis of an ultra-
sound imagg, it is possible to improve the quality of screen-
ing and scanning performed by an ultrasonic diagnostic
device. In so doing, how a contour or a boundary of an organ
and other examined objects used for calculating their area
and volume is extracted, is of great importance.

[0009] However, methods including STC in which con-
trast or others of an examined object is manually controlled
involve complicated processing as well as requiring some
skills. Furthermore, when a contour or the like of an exam-
ined object is extracted only by tracing it manually, it always

(1) Field of the Invention

(2) Description of the Related Art
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requires an accurate tracing by the use of such a tool as a
pointing device. Therefore, a great deal of labor is required
for an operator who traces the contour or the like of the
examined object. Against this backdrop, a number of meth-
ods have been proposed for automatic image correction and
contour/boundary extraction performed on an ultrasound
image.

[0010] One example is a “method for automatic image
quality correction” disclosed in Japanese Laid-open Patent
Application No. 2002-209891, in which gain control is
automatically performed on the basis of the characteristics
of an ultrasound image (e.g. a brightness signal of an
ultrasound image represented by the Gaussian distribution
shows a steep distribution, and its effective dynamic range
is narrow). With this method, gain control is performed by
measuring the distribution of brightness values for the whole
image in a uniform manner.

[0011] Another characteristic of an ultrasound image is
that a part of the image is often unclear or does not properly
appear on the image. However, with the above-mentioned
method in which a uniform processing is performed for the
whole image, there occurs a possibility that the image
quality of an ultrasound image that is partially unclear or
does not properly appear on the image cannot be sufficiently
improved.

[0012] The same is also true of contour and boundary
extraction methods. Conventional methods for extracting
contours and boundaries are effective on the assumption that
a contour of a specific object shows up clearly in an
ultrasound image. The same can be also said to semiauto-
matic extraction methods in which a contour/boundary of an
object is traced after it is given in advance an initial contour
by a human hand. For example, in an “ultrasonic image
diagnostic device” disclosed in Japanese Laid-open Patent
Application No. H11-164834, a contour or the like of a
target tissue is roughly traced by hand using a mouse or the
like first, so as to extract a contour or the like serving as a
guide, and then the start point is set for extracting the
contour or the like. In this case, scan lines radiate in all
directions from such start point. Then, based on intersection
points of such lines and the above contour or the like
extracted by hand, an area to be detected is determined.
Subsequently, binarization is performed for image data
within such detection area of the ultrasound image using a
threshold value so as to detect a position on the contour or
the like to be corrected. When the position on such contour
or the like is detected, a further correction is made to the
boundary of the contour or the like traced by hand so that a
correct contour or the like can be obtained.

[0013] If one is skilled with this technique, it is possible to
extract a contour or the like more speedily than a method
with which a contour or the like is extracted only by a human
hand. However, the problem is that this method is not fully
automated. Moreover, this method is not intended for cali-
brating a contour or the like when it is inappropriately
extracted. Consequently, a result of contour extraction varies
depending on a threshold value to be set which is a prereq-
uisite for binarization to be performed. As for an area which
does not have a clear contour in the first place, there is no
solution at all.

[0014] As described above, if a part of an ultrasound
image is unclear or does not properly appear on the image,
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there occurs a possibility that conventional image control
methods and contour extraction methods do not serve part of
their purposes (or no purposes at all in some cases).

[0015] Meanwhile, an image of a human figure or a face
(to be referred to as “human image” hereinafter) taken by a
variety of image-related devices capable of taking pictures
(mobile phones, PDAs and the like are especially used) are
often generated nowadays, but a person who takes a picture
sometimes wishes to perform image processing for the
image s/he desires by extracting the contour of a face or
others in the image. To be more specific, it is sometimes
witnessed in a human image that a contour of a person
(especially its face) becomes blurred depending on the
background of a place where the image is taken or due to
such an atmosphere as steam coming up around such place.
In such cases, it is possible to perform image processing for
clarifying the contour of the person without artificiality.

[0016] FIGS. 1A~1C are diagrams showing an example
case where contour extraction performed for a human image
is successful by the use of a conventional image-related
device.

[0017] FIG. 1A is an original image taken by a mobile
phone. As illustrated in FIG. 1A, only a human face is
shown in the original image. The following gives an expla-
nation for the case where contour extraction is performed for
such original image. As a contour extraction method, there
is a method disclosed in Japanese Laid-open Patent Appli-
cation No. 2002-224116 in which a contour of an object is
extracted through two steps. According to this method, an
initial contour is specified first (as illustrated in FIG. 1B)
and then a more precise contour is extracted (as illustrated
in FIG. 1C).

[0018] However, if there exists a part in the original image
that hinders contour extraction, an expected contour might
not be extracted.

[0019] FIGS. 2A~2C are diagrams showing an example
case where contour extraction performed for a human image
ends in failure by the use of a conventional image-related
device.

[0020] FIG. 2A is an original image equivalent to that
shown in FIG. 1A, but since there is a part that hinders
contour extraction for the lower left-hand part of the image
(e.g. a part where water vapor appears), FIG. 2A is different
from FIG. 1A in that a part of the face contour is blurred.
When the same contour extraction method as used for the
original image in FIGS. 1A~1C is employed for the original
image in FIG. 2A (FIG. 2B illustrates the case where an
initial contour is specified), processing intended for extract-
ing a more precise contour results in a contour different from
the real one. As described above, if there exists a part in the
original image that hinders contour extraction, there may
occur a problem that an expected contour cannot be
extracted.

SUMMARY OF THE INVENTION

[0021] The present invention, which is made in view of the
above problems, aims at providing a variety of image
processing methods to be employed according to local
characteristics of an ultrasound image, as wells as providing
automatic correction and contour extraction methods for
images through such image processing methods.

Sep. 18, 2003

[0022] The image processing device and the ultrasonic
diagnostic device according to the present invention divide
an image into sub-areas and perform image processing
appropriate to each of such sub-areas. Accordingly, it is
possible for the present invention to overcome drawbacks of
a conventional device such as that automatic image quality
control does not function due to an image having a part
which does not appear properly or having an unclear edge
because contrast is low in some parts. Moreover, it is also
possible for the present invention to overcome such a
drawback of a conventional device as that contour/boundary
extraction methods do not function properly due to the
above reasons.

[0023] To put it another way, the above-mentioned draw-
backs stem from the fact that conventional contour/boundary
extraction methods are effective on the assumption that a
contour is always extracted clearly. However, it is possible
with the present invention to improve the clarity of an image
which is partly low-contrasted.

[0024] 1In order to achieve the above objects, the image
processing device according to the present invention is an
image processing device comprising: an image acquiring
unit operable to acquire image data; an area dividing unit
operable to divide an image represented by the acquired
image data into a plurality of sub-areas; an area selecting
unit operable to make a selection of one or more of the
sub-areas; and an each area processing unit operable to
perform image processing for each of said one or more
selected sub-areas.

[0025] Moreover, in order to achieve the above objects,
the ultrasonic diagnostic device according to the present
invention is an ultrasonic diagnostic device that displays an
ultrasound image of an object subject to examination gen-
erated on the basis of a reflection of ultrasound and that
comprises: an image acquiring unit operable to acquire
image data; an area dividing unit operable to divide an
ultrasound image represented by the acquired image data
into a plurality of sub-areas; an area selecting unit operable
to make a selection of one or more of the sub-areas; an each
area processing unit operable to perform specific image
processing for each of said one or more selected sub-areas;
and a displaying unit operable to display an image of said
one or more selected sub-areas for which the image pro-
cessing is performed.

[0026] Note that, in order to achieve the above objects, the
present invention may be implemented as a program which
includes the characteristic units of the image processing
device and the ultrasonic diagnostic device as its steps.
Furthermore, it is also possible for such program not only to
be stored in a ROM and the like in the image processing
device and the ultrasonic diagnostic device but also be
distributed through storage media such as CD-ROM, or over
transmission media such as communications network.

[0027] Japanese patent application No. 2002-070562 filed
Mar. 14 2002, is incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and other subjects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:
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[0029] FIG. 1A is a diagram showing an example original
image taken by a conventional mobile phone.

[0030] FIG. 1B is diagram showing the original image of
FIG. 1A for which an initial contour has been identified.

[0031] FIG. 1C is a diagram showing an example case
where a more precise contour is successfully extracted on
the basis of the original image of FIG. 1B.

[0032] FIG. 2A is a diagram showing another example
original image taken by a conventional mobile phone.

[0033] FIG. 2B is diagram showing the original image of
FIG. 2A for which an initial contour has been identified.

[0034] FIG. 2C is a diagram showing an example case
where a more precise contour is unsuccessfully extracted on
the basis of the original image of FIG. 2B.

[0035] FIG. 3 is a block diagram showing an overview of
a functional configuration of an ultrasonic diagnostic device
according to the first embodiment.

[0036] FIG. 4 is a diagram showing a detailed functional
configuration of the image processing unit in FIG. 3.

[0037] FIG. 5 is a diagram explaining a method in which
an initial contour of an object is specified through automatic
extraction or an operator’s operation, and then an ultrasound
image is divided from a gravity center of such initial contour
in a radial pattern.

[0038] FIG. 6 is a diagram explaining a variation of the
method presented in FIG. 5.

[0039] FIG. 7 is a diagram explaining a method in which
a boundary having a certain number of pixels in the outward
direction around the specified initial contour is drawn, and
then a doughnut-shaped area in between the initial contour
and such boundary is divided in a radial pattern at a specified
angle.

[0040] FIG. 8 is a diagram explaining a variation of the
method presented in FIG. 7.

[0041] FIG. 9 is a diagram explaining a method in which
an ultrasound image is divided into “N” equal parts in the
directions of the vertical axis and the horizontal axis respec-
tively.

[0042] FIG. 10 is a diagram showing an example distri-
bution of brightness values of sub-areas of an ultrasound
image.

[0043] FIG. 11A is a diagram showing input brightness
values and output brightness values at the time of binariza-
tion process.

[0044] FIG. 11B is a diagram showing a relationship
between input brightness values and output brightness val-
ues at the time of contrast control process and bias control
process.

[0045] FIG. 12 is a diagram showing an example method
for transforming a brightness value distribution.

[0046] FIG. 13 is a simplified diagram showing an ultra-
sound image before image processing is performed by the
each area processing unit.
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[0047] FIG. 14 is a simplified diagram showing an ultra-
sound image after image processing is performed by the
each area processing unit.

[0048] FIG. 15is a flowchart showing an example overall
flow of processing performed by the ultrasonic diagnostic
device.

[0049] FIG. 16 is a flowchart showing an example of
“Area division processing” illustrated in FIG. 14.

[0050] FIG. 17 is a flowchart showing an example of
“Evaluation value calculation processing” illustrated in
FIG. 14.

[0051] FIG. 18 is a flowchart showing an example of
“Area-by-area processing” illustrated in FIG. 14.

[0052] FIG. 19 is a flowchart showing an example of
“Image reconstruction processing” illustrated in FIG. 14.

[0053] FIG. 20 is a block diagram showing an overview
of a functional configuration of an image processing device
according to the second embodiment.

[0054] FIG. 21A is an example original image taken by a
mobile phone.
[0055] FIG. 21B is a diagram showing the original image

of FIG. 21A for which an initial contour has been specified.

[0056] FIG.21C is a diagram showing the image of FIG.
21B for which area division has been performed.

[0057] FIG. 22A is a diagram showing that sub-arcas are
selected from the image divided in FIG. 21C.

[0058] FIG. 22B is a diagram showing that image pro-
cessing is performed for the sub-areas selected in FIG. 22A.

[0059] FIG. 23A is a diagram showing that an initial
contour is specified in the image of FIG. 22B for which
image processing has been performed.

[0060] FIG. 23B is a diagram showing that a precise
contour is extracted on the basis of the image of FIG. 23A.

[0061] FIG. 24A is a diagram showing an example origi-
nal image taken by a mobile phone.

[0062] FIG. 24B is a diagram showing the original image
of FIG. 24A for which a precise contour has been extracted.

[0063] FIG.24C is a diagram showing an example of how
the extracted face contour is made “smaller”.

[0064] FIG. 24D is a diagram showing that the face is
made “slimmer” and “smaller” on the basis of the extracted
face contour.

[0065] FIG. 25 is a diagram showing chromakey is per-
formed by overlaying the face specified by the contour
extraction on another image.

[0066] FIG. 26 is a flowchart showing an example overall
flow of the image processing device.

[0067] FIG. 27A is a diagram showing a reference point
specified on a contour line.

[0068] FIG. 27B is a diagram showing an area tile being
defined with the reference point in FIG. 27A as the center.
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[0069] FIG. 27C is a diagram showing area tiles being
defined for the entire image along the contour line, on the
basis of the area tile defined in FIG. 27B.

[0070] FIG. 28A is a diagram showing the image being
divided according to the area tiles which have been defined
on the basis of the contour line, the circumscribed rectangle,
the external rectangle, and the internal rectangle.

[0071] FIG. 28B is a diagram showing the image being
divided according to the area tiles which have been defined
on the basis of the contour line, the external rectangle, and
the internal rectangle.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0072] The following explains preferred embodiments
according to the present invention with reference to the
figures.

[0073]

[0074] FIG. 3 is a block diagram showing an overview of
a functional configuration of an ultrasonic diagnostic device
10 according to the present embodiment, which is one of the
image processing devices according to the present invention.
The ultrasonic diagnostic device 10 is capable of performing
case-by-case processing for improving image quality even
when a part of an ultrasound image is unclear or blurred.
Such ultrasonic diagnostic device 10 is comprised of an
ultrasonic search unit 11, a send/receive unit 12, a pulsation
detecting unit 13, an operation unit 14, an image processing
unit 15, and a data outputting unit 16.

[0075] The ultrasonic search unit 11, which is generally
called a probe, may be a probe that performs electronic scan
based on the phased array method. The ultrasonic search unit
11 emits ultrasound (e.g. ultrasonic pulse) on the basis of a
control signal sent by the send/receive unit 12. Furthermore,
the ultrasonic search unit 11 converts the ultrasound (to be
referred to as ultrasonic echo hereinafter) reflected from
inside the living body of a subject into an electric signal, and
sends it to the send/receive unit 12.

[0076] The send/receive unit 12, which includes, for
example, a CPU, a ROM, a RAM, or the like, has an overall
control of the ultrasonic diagnostic device 10 as well as a
function to send/receive ultrasound. Other constituent ele-
ments of the send/receive unit 12 include a sender/beam
former for having the ultrasonic search unit 11 generate
ultrasound and a receiver/beam former for receiving an
electric signal sent from the ultrasonic search unit 11 that has
detected an ultrasonic echo. Subsequently, the send/receive
unit 12 performs processing such as amplification for the
electric signal sent from the ultrasonic search unit 11, and
sends such processed electric signal to the image processing
unit 15. Furthermore, the send/receive unit 12 accepts an
instruction from an operator via the operation unit 14.

[0077] The pulsation detecting unit 13, an example of
which is a pulsation sensor, converts the detected pulsation
of the subject into an electric signal, and sends it to the
image processing unit 15.

[0078] The operation unit 14, which includes a switch, a
touch panel and others, accepts from the operator operations
performed on them, and sends to the send/receive unit 12

(First Embodiment)
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and the image processing unit 135 a control signal or the like
corresponding to such operations.

[0079] The image processing unit 15 generates image data
of an ultrasound image based on the electric signal sent from
the send/receive unit 12. Then, the image processing unit 15
divides the generated ultrasound image into sub-areas, and
performs image processing for each sub-area. Furthermore,
the image processing unit 15 reconstructs the ultrasound
image on the basis of the processed image data, and sends
the resulting image data to the data outputting unit 16.

[0080] The data outputting unit 16, which is made up of a
graphic accelerator, a scan converter and others, is capable
of receiving image data of the ultrasound image recon-
structed by the image processing unit 15 (e.g. B-mode
ultrasound image) so as to show such image data on a liquid
crystal display or the like serving as an observation monitor.

[0081] FIG. 4 is a block diagram showing a detailed
functional configuration of the image processing unit 135
illustrated in FIG. 3. Such image processing unit 15 is
comprised of an image generating unit 110, a contour
extracting unit 111, a controlling unit 112, an image memory
101, a general memory 102, and a computing unit 109. The
computing unit 109, which features the present invention, is
embodied by hardware like a specialized processor or the
like, or software. Such computing unit 109 is made up of an
area dividing unit 103, an evaluation value calculating unit
104, an each area processing unit 103, an area selecting unit
106, and an image reconstructing unit 107.

[0082] The image generating unit 110 generates image
data by performing A/D conversion or the like for an electric
signal sent from the send/receive unit 12. Furthermore, the
image generating unit 110 sends such generated image data
to the controlling unit 112.

[0083] Image data here refers to 2D brightness data or the
like that is generated each time scanning is performed by the
ultrasonic search unit 11 and that is to be displayed in
B-mode and the like.

[0084] The contour extracting unit 111 extracts a contour
of such an object as the left ventricle (LV) of a heart on the
basis of image data stored in the image memory 101, and
generates contour data. Note that details of a method for
extracting a contour based on image data are described in
Japanese Laid-open Patent Application No. 2002-224116.
To summarize this method, a rough initial contour is
extracted by performing “binarization” and “degeneracy”
for an ultrasound image of a target object. Then, after a
dynamic contour model (SNAKES) is applied to the initial
contour, convergent calculation is performed for such initial
contour so as to specify a precise contour in the end. Contour
data here refers to data including coordinate (X axis and Y
axis) data of a plurality of pixels making up a contour line
of an examined object that is extracted on the basis of image
data in one frame.

[0085] The controlling unit 112, an example of which is a
microcomputer having a ROM, a RAM and others, gives
instructions mainly to the units in the image processing unit
15 to have them execute their own processing, and controls
timing of such processing.

[0086] At the instruction of the controlling unit 112, the
image memory 101 (e.g. a RAM) stores the image data of
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the ultrasound image generated by the image generating unit
110 and image data for which image processing has been
performed by the below-described each area processing unit
105.

[0087] At the instruction of the controlling unit 112, the
general memory 102 (e.g. a RAM) stores data other than
image data of the ultrasound image generated by the image
generating unit 110 (i.e. data stored in the image memory
101) such as data related to area division, data associated
with a contour, data related to evaluation value calculation,
and data related image processing).

[0088] The area dividing unit 103 divides the ultrasound
image generated by the image generating unit 110 into a
plurality of sub-areas. The following are example methods
for area division:

[0089] (D) Specify an initial contour of a target object
through automatic extraction or an operation of the
operator, and then divide the ultrasound image in a
radial pattern from the gravity center of the ultra-
sound image as the starting point;

[0090] (2) Draw a boundary having a certain number
of pixels in the outward direction around the initial
contour which has been specified using the above
method @, and then divide a doughnut-shaped area
in between the initial contour and such boundary in
a radial pattern at a specified angle (e.g. m/4); and

[0091] (3) Divide the ultrasound image into “N”
equal sub-areas (c.g. into quarters) in the directions
of the vertical axis and the horizontal axis respec-
tively.

[0092] FIG. 5 explains an example of the method @
described above. In FIG. 5, a rectangular frame 200 indi-
cates the outer edge of an area which can be displayed on the
observation monitor of the data outputting unit 16, while a
fan-shaped area enclosed by a bold line 201 indicates an area
in the ultrasound image to be actually displayed on the
observation monitor. FIG. 5 shows eight divided sub-areas
310-380.

[0093] The following explains the procedure to be per-
formed until the area dividing unit 103 determines the
sub-area 310.

[0094] First, an initial contour 210 is specified through
automatic extraction or an operation of the operator, and
then a gravity center G211 of such initial contour 210 is
calculated. Then, a top T212 serving as a reference point on
the initial contour 210 (i.e. the point indicating the biggest
Y axis value in the initial contour 210) is identified, and then
a point P213 and a point C214 are determined which
intersect with the bold line 201 when a straight line between
the gravity center G211 and the top T212 is extended.

[0095] Next, two straight lines 202 and 203 are deter-
mined that form angles of (1/2) and (-m/4) between the
straight line PC connecting the point P213 and the point
C214. Then, points at which such two straight lines 202 and
203 intersect with the initial contour 210 are defined respec-
tively as a point 1215 and a point E217, and points at which
such two straight lines 202 and 203 intersect with the bold
line 201 are defined respectively as a point R216 and a point
Q218.
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[0096] A closed area to be formed by connecting the point
1215, the point R216, the point Q218 and the point E217 (the
diagonally shaded area in FIG. 5) indicates the sub-arca
310, which is one of the divided eight sub-areas. The other
sub-areas 320~380 are determined in the same manner.

[0097] FIG. 6 explains a variation of the method (1)
described above. While FIG. 5 illustrates the case where the
area between the initial contour 210 and the bold line 201 is
the target of division (only the area to be actually displayed
on the monitor is the target), FIG. 6 illustrates the case
where a target area to be divided is extended to the rectan-
gular frame 200. Accordingly, a disclosed area to be formed
by connecting the point 1215, a point RR 219, a point V221,
a point QQ 220, and the point E217 (the diagonally shaded
area in FIG. 6) indicates a determined sub-area 410 in this
case.

[0098] FIG. 7 explains an example of the method @
described above. While the area between the initial contour
210 and the bold line 201 is the target of division in the
method @ shown in FIG. 5, FIG. 7 illustrates the case
where a boundary 501 is set at a position which is distant
from the initial contour 210 by a certain number of pixels
(e.g. 50 pixels) in the outward direction, and the doughnut-
shaped area between the initial contour 210 and the bound-
ary 501 is divided into eight sub-areas as in the above case.
Accordingly, a disclosed area to be formed by connecting
the point 1215, a point J502, a point F503, and the point
E217 (the diagonally shaded area in FIG. 7) indicates a
sub-area 510 determined by this method.

[0099] FIG. 8 explains a variation of the method @
described above. While FIG. 7 illustrates the case where a
target area of division is the doughnut-shaped area between
the initial contour 210 and the boundary 501, FIG. 8
illustrates the case where a boundary 601 is further set at a
position which is distant from the initial contour 210 by a
certain number of pixels (e.g. 12 pixels) in the inward
direction, and the doughnut-shaped area between the bound-
ary 601 and the boundary 501 is divided into eight sub-areas
as in the above case. Accordingly, a disclosed area to be
formed by connecting a point H602, the point J502, the point
F503, and a point D603 (the diagonally shaded area in FIG.
8) indicates a sub-area 610 determined by this method.

[0100] FIG. 9 explains an example of the method @
described above. While @ and @ are methods with which
an ultrasound image is divided in a radial pattern with the
gravity center G211 of the initial contour 210 as the starting
point, FIG. 9 illustrates an example case where sub-areas
are generated by respectively dividing into quarters the
lengths of the X axis and the Y axis within the area which
can be displayed on the observation monitor. In this case, the
rectangular frame 200 which is the area displayable on the
monitor is divided into 16 sub-areas, each of which is
equivalent to a rectangular sub-area 710 made up of “a”
pixels in the X direction and “b” pixels in the Y direction.
Note that division methods illustrated in FIGS. 5~9 are only
examples and therefore that an arbitrary existing division
method (e.g. the straight line connecting the gravity center
G211 and the point T212 illustrated in FIG. 5 is set as a
reference line, and an ultrasound image is divided into equal
parts in a counterclockwise direction, each forming an angle
of m/3) may be employed by the area dividing unit 103,
without being limited to such example methods.
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[0101] The evaluation value calculating unit 104 calcu-
lates an evaluation value used to quantitatively ascertain the
quality, characteristics and the like of the ultrasound image
for each sub-area divided by the area dividing unit 103. The
following are methods for calculating an evaluation value:

[0102] (1) Method utilizing brightness values of a
sub-area

[0103] With this method, an evaluation value is
calculated on the basis of the average value,
distribution and the like of the brightness value of
each pixel making up the image of a sub-area;

[0104] (2) Method utilizing information concerning a
contour shape

[0105] With this method, the degree of circularity
¢ (letting the length of the contour line is “L” and
the cross-sectional area is “A”, ¢=4nA/L**2. If
the contour forms a perfect circle, the degree of
circularity is 1.0. The more complicated a contour
shape is, the smaller a value of the degree of
circularity becomes.), acutance or the like calcu-
lated on the basis of the contour shape of an object
within a sub-area are used as an evaluation value.
Note that position-related data such as the distance
between the position of the gravity center of the
contour of a specified object (i.e. a reference point
of the entire ultrasound image) and the reference
point of each sub-area is utilized as an evaluation
value is some cases. Referring to FIG. 9, an
explanation is given for an example case where
position-related data is used as an evaluation
value. First, the gravity center G211 of the initial
contour 210 is set as the reference point of the
entire ultrasound image. Then, distances from
such gravity center G211 and the reference point
of each sub-area (in this case, the reference point
of each sub-area serves as the gravity center of
each sub-area) are set as evaluation values, of
which the smallest four values are selected;

[0106]

[0107] With this method, an arbitrary edge detec-
tion filter (two dimensional differentiation using a
filter window) is carried out for a sub-area, and the
resulting output is used as an evaluation value
(e.g. the amount of differentiation in the directions
of X and Y, edge strength);

[0108]

[0109] With this method, binarization is performed
for brightness values within a sub-area on a per
brightness value basis, using either a specified-
threshold value or a threshold value to be dynami-
cally determined according to the distribution of
brightness values within each sub-area. Then, sta-
tistical data or data concerning shape and geog-
raphy of the binarized data such as its distribution
and shape (e.g. acutance) is used as an evaluation
value;

[0110] (5) Method utilizing the degree of separation
between brightness values

[0111] When brightness values are classified into
two classes of “0” and “17, “the degree of sepa-

(3) Method utilizing edge information

(4) Method utilizing binarization information
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ration between brightness values” indicates an
occupancy ratio of wvariations between such
classes in variations of the all brightness values. [f
brightness values are perfectly separated into “0”
and “1”, a separation degree value is 1.0 (maxi-
mum value). Note that this method is described in
details in “Fukui K. Contour Extraction Method
Based on Separatability of Image Features (Jour-
nal of IEICE D-II vol.J80-D-II, no.6, pp.1406-
1414, June 1997)”; and

[0112] (6) Method utilizing maximum and minimum
brightness values

[0113] With this method, the maximum difference
to be determined by deducting the minimum
brightness value from the maximum brightness
value is used as an evaluation value.

[0114] The following explains “(1) Method utilizing
brightness values of a sub-area” described above. When
brightness values are utilized, an evaluation value may be
either “the brightness distribution within a sub-area” or “the
range width of brightness values occupying 80% of the
entire brightness value histogram” that extends from the
average value of the brightness values as its center.

[0115] A more specific explanation is given for the latter
method with reference to FIG. 10, which illustrates the case
where brightness values of a certain sub-area are distributed
between 0~255 and the brightness average value is “120”. In
this case, the brightness values in the sub-area are sampled
so as to determine “o.”” when brightness values in 80% of the
all pixels (800 pixels if a sub-area is made up of 1000 pixels)
satisfy “120x00 (o natural number), and “2” is used an
evaluation value in this case. Note that the above-listed
evaluation value calculation methods (1)~(6) are only
examples and therefore that an arbitrary existing expression
and image processing may be employed by the evaluation
value calculating unit 104 in order to calculate an evaluation
value, without being limited to such example methods.

[0116] The each area processing unit 105 performs image
processing for each sub-area divided by the area dividing
unit 103. Image processing here mainly refers to processing
for improving image quality of each sub-area. However,
such processing may be one that facilitates evaluation pro-
cessing performed by the evaluation value calculating unit
104 (c.g. normalization for controlling variations in the size
of evaluation values among sub-areas), processing intended
for enhancing performance of a post-connected apparatus,
stabilizing its operations and improving its image quality,
and other processing when the image is reconstructed by the
image reconstructing unit 107 described later.

[0117] The above-mentioned processing for improving
image quality includes binarization, contrast controller, bias
controller, noise reduction, Morphology process, edge
extraction, edge enhancement, some of which, of course,
may be combined for use.

[0118] An overview of each process described above is
explained with reference to FIG. 11.

[0119] FIG. 11A is a diagram showing values of input
brightness and output brightness when binarization is per-
formed. As illustrated in FIG. 11A, letting that the threshold
value for the input brightness values is “128”, an output
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brightness value varies between 0 and 255 inclusive, when
an input brightness value is 128 or over.

[0120] FIG. 11B is a diagram showing a relationship
between input brightness values and output brightness val-
ues when contrast controller and bias controller are per-
formed. A curve 901 illustrated in FIG. 11B indicates that
input brightness values and output brightness values have a
nonlinear relationship as a result of contrast controller. A
curve 902 illustrated in FIG. 11B, on the other hand, shows
an output brightness value being outputted which is an input
brightness value added (biased) with a certain brightness
value, as a result of bias controller. In this case, brightness
value to be biased is “60”. Note that FIG. 11B shows for
reference a curve 903 indicating that input brightness val-
ues=output brightness values.

[0121] An example of noise reduction is a 2D lowpass
filter. Morphology process, which is a kind of nonlinear
filtering processing, refers to filtering to be performed on the
basis of such operations as “dilation” and “erosion” which
are intended for extracting features from a given binary
image or a contrast image. Note that detailed information for
such Morphology process is described in “Kobatake H.
Morphology (Corona Publishing Co., Ltd.)”.

[0122] Edge extraction refers to processing for extracting
edge indicating area boundaries in an image (¢.g. subject and
background). There are variations including one using first
differential filter and second differential filter.

[0123] Edge enhancement refers to processing for enhanc-
ing the difference in the contrast level between the edge and
other parts in an ultrasound image. Its variations include a
method for transforming the distribution of brightness val-
ues.

[0124] FIG. 12 is a diagram showing an example method
for transforming the distribution of brightness values. FIG.
12 illustrates the case where a curve 1001 indicating that
brightness values are centered around the average value (e.g.
120) of the brightness values is transformed into a curve
1002 indicating a less concentrated distribution.

[0125] The area sclecting unit 106 determines an arbitrary
number of sub-areas from the sub-areas divided by the area
dividing unit 103. A specified number of sub-areas may be
selected from sub-areas with bigger evaluation values cal-
culated by the evaluation value calculating unit 104 in
descending order, or from sub-areas with smaller evaluation
values in ascending order. The above-mentioned case where
“2a” is used as an evaluation value determined on the basis
of brightness values is taken as an example. By selecting
sub-areas with bigger “20.” in decreasing size order, sub-
areas with a clearer contrast (i.e. a wider contrast range) are
selected. In contrast, by selecting sub-areas with smaller
“2a” in increasing size order, sub-areas with a more unclear
contrast (i.e. a narrower contrast range) are selected.

[0126] The image reconstructing unit 107 generates new
image data by putting together (i) image data of the sub-
areas which are divided by the area dividing unit 103 and for
which image processing is performed by the each area
processing unit 105, and (ii) the image data of the ultrasound
image generated by the image generating unit 110.

[0127] For example, the image reconstructing unit 107
reconstructs the image by using only images within sub-
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areas specified by the area selecting unit 106 (in this case,
one or more sub-areas do not appear as an image). When
image processing is performed for each sub-area specified
by the area selecting unit 106, it is also possible for the
image reconstructing unit 107 to override an image of each
sub-area on the original ultrasound image and to replace an
image of each sub-area with the original image.

[0128] Next, an explanation is given for the operation of
the ultrasonic diagnostic device 10 with the above configu-
ration.

[0129] FIG. 15 is a flowchart showing an example flow of
the entire processing performed by the ultrasonic diagnostic
device 10. First, the image generating unit 110 generates an
ultrasound image on the basis of an ultrasonic echo received
via the ultrasonic search unit 11 and the send/receive unit 12

(S1301).

[0130] Next, using an initial contour of a target object
which is specified through an operation of the operator on
the operation unit 14 or which is automatically extracted by
the contour extracting unit 111 (51302), the area dividing
unit 103 divides the ultrasound image displayed on the
observation monitor into a plurality of sub-areas (S1303).

[0131] Then, the evaluation value calculating unit 104
calculates an evaluation value for each sub-area divided in
the above mentioned manner (S1304), and the each arca
processing unit 105 then performs image processing for such
sub-areas on a per sub-area basis (S1305).

[0132] Subsequently, when the area selecting unit 106
selects some of the sub-areas in accordance with the calcu-
lated evaluation values (S1306), the image reconstructing
unit 107 reconstructs the ultrasound image on the observa-
tion monitor based on images of the selected sub-areas
(51307). Such reconstructed ultrasound image is then out-
putted to the data outputting unit 16 to be displayed on the
observation monitor or the like.

[0133] FIG. 16 is a flowchart showing an example of
“Area division processing (S1303)” illustrated in FIG. 15.

[0134] First, the area dividing unit 103 calculates a gravity
center G of the initial contour specified as above (S1401), so
as to determine a central line running on such gravity center
G (S1402).

[0135] Next, the area dividing unit 103 specifies a division
method (e.g. the above mentioned method (1)) ($1403), and
divides the ultrasound image into a plurality of sub-areas
according to the specified division method (S1404).

[0136] FIG. 17 is a flowchart showing an example of
“Evaluation value calculation processing” illustrated in
FIG. 15. Note that FIG. 17 illustrates the case where an
evaluation value “20.” related to the distribution of bright-
ness values is calculated.

[0137] First, the evaluation value calculating unit 104
calculates the average (YA) of brightness values of all pixels
included as a target of evaluation value calculation (S1501).
Then, the evaluation value calculating unit 104 creates a
brightness value histogram that extends from the calculated
average value for all the pixels (S1502).

[0138] Next, after initializing an increase o (ct natural
number) in a brightness value (e.g. a=0) (S1503), the
evaluation value calculating unit 104 counts the number of
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pixels whose brightness value is “YAza” (S1504). Then, the
evaluation value calculating unit 104 updates “o” by adding
“1” to it (S1505), and judges whether the number of the
counted pixels exceeds 80% of all the pixels, i.e. whether
“YA20>80%” (“o” in this inequality is the pre-updated
value) is satisfied or not (S1506). If such condition is
satisfied, the evaluation value calculating unit 104 sets “2a.”
as an evaluation value (S1507).

[0139] FIG. 18 is a detailed flowchart showing “area-by-
area processing” illustrated in FIG. 15.

[0140] First, the each area processing unit 105 accepts the
contents of image processing to be carried out from the
operator via the operation unit 14 (S1601). In this case,
“image processing” includes the following processes: bina-
rization, contrast controller, bias controller, noise reduction,
Morphology process, edge extraction and edge enhance-
ment. Then, the each area processing unit 105 executes a
specified process (51602~S1609). Note that at least one of
the above processes (e.g. edge enhancement) may be
executed as a default.

[0141] FIG. 19 is a flowchart showing the details of
“Image reconstruction processing (S1307)” illustrated in
FIG. 15.

[0142] First, the controlling unit 112 accepts via the opera-
tion unit 14 an operator’s instruction as to the selection of
sub-areas to be reconstructed as an image (S1701) and as to
whether such sub-areas are overwritten over the original
image or not (S1702). If an instruction indicating that
overwriting is to be performed is accepted (51702: Yes), the
controlling unit 112 overwrites the ultrasound image gener-
ated by the image generating unit 110 with images of the
selected sub-areas (S1703), and stores the resulting image in
the image memory 101 (S1704).

[0143] FIGS. 13 and 14 are diagrams showing, in a
simplified manner, the ultrasound image before and after
image processing is performed by the each area processing
unit 105. As illustrated in FIG. 13, of the eight sub-areas
divided by the area dividing unit 103, since brightness
values of the entire sub-areas 310 and 330 are equally low
(i.e. the entire images are blackish), a contour 1110 of an
object is partly unclear. In contrast, since brightness values
of the image of the sub-area 360 are equally high (i.c. the
entire images are whitish), the contour 1110 of the object is
partly unclear. Meanwhile, FIG. 14 depicts the ultrasound
image shown in FIG. 13 for which image processing is
performed by the each area processing unit 105. As can be
seen from FIG. 14, image quality of the sub-areas 310, 330
and 360 is improved and the entire contour 1110 of the
object has become clear.

[0144] As described above, with the ultrasonic diagnostic
device according to the present embodiment, it is possible to
reliably perform such processing as contour extraction of an

object (e.g. LV) even for an image which is partly unclear or
blurred.

[0145] Note that although the image processing unit 15
according to the present embodiment is configured to be an
integral part of the ultrasonic diagnostic device, it is also
possible that the image generating unit 110 of the image
processing unit 15 is replaced by a data inputting unit
capable of accepting image data from outside the device so
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that the image processing unit 15 can serve as an image
processing device having the functions described above.

[0146] Note that the image processing unit 15 is also
capable of processing image data to be successively inputted
in real time (moving image data). In this case, each unit of
the image processing unit 15 performs processing on a per
frame basis.

[0147] As another example, when extracting a contour of
an object in an ultrasound image while tracking such object
(c.g. when wishing to trace the internal wall of an LV for
extracting its contour, while tracking the mitral valve annu-
lus that separates the LV and the left atrium), the operator
performs tracking as processing for the inside of sub-areas
while performing processing for improving image quality
for sub-areas with unclear contours. Then, after such track-
ing, by notifying from the area selecting unit the position of
a sub-area in which the mitral valve annulus exists, it is
possible to track and extract its contour in the image for
which a conventional ultrasonic diagnostic device cannot
perform contour extraction.

[0148] “Improving image quality” described in the previ-
ous paragraph includes contrast improvement by the use of
an histogram equalizer or through noise cut, edge enhance-
ment, or the like, but an arbitrary method may be used
without being limited to such examples.

[0149] Moreover, “tracking” described above indicates,
for example, pattern matching, inter-frame autocorrelation,
methods for detecting a motion vector and the like, but an
arbitrary method may be used without being limited to such
examples.

[0150] (Second Embodiment)

[0151] While the first embodiment explains the case where
the present invention is applied to an ultrasound image
generated by the ultrasonic diagnostic device, the second
embodiment describes the case where the present invention
is applied to an image generated by an image processing
device such as a camera-equipped mobile phone.

[0152] FIG. 20 is a block diagram showing a functional
configuration of an image processing device 20 according to
the present embodiment. The image processing device 20 is
capable of performing case-by-case processing for improv-
ing image quality even when a part of an image is unclear
or blurred. Such image processing device 20 is comprised of
a camera unit 21, a general controlling unit 22, the operation
unit 14, the image processing unit 15, and the data outputting
unit 16 (for convenience of explanation, functions of a
general camera-equipped mobile phone such as communi-
cation capabilities and memory function are omitted in the
image processing device 20).

[0153] Note that the image processing device 20 is equiva-
lent to the ultrasonic diagnostic device 10 according to the
first embodiment excluding that the image processing device
20 includes the camera unit 21 and the general controlling
unit 22 instead of the ultrasonic search unit 11 and the
send/receive unit 12 respectively. Note therefore that the
following provides explanations focused especially on
points that are different from the ultrasonic diagnostic device
10 according to the first embodiment.

[0154] The camera unit 21, which includes a CCD and
others, is a unit that takes a picture according to an operation



US 2003/0174890 Al

of the operator inputted via the operation unit 14 (c.g.
photoelectric conversion) and that generates image data.

[0155] The general controlling unit 22 has an overall
control of the image processing device 20, and includes a
CPU, a ROM, a RAM or the like. Furthermore, the general
controlling unit 22 receives image data generated by the
camera unit 21 to store it to the RAM or the like, and sends
to the image processing unit 15 the received image data as
it is or image data read out from the RAM or the like,
depending on an operator’s operation inputted via the opera-
tion unit 14. Note that functions of the operation unit 14, the
image processing unit 15 and the data outputting unit 16 are
equivalent to corresponding units of the ultrasonic diagnos-
tic device 10 according to the first embodiment.

[0156] FIGS. 21A~21C are diagrams showing an original
image taken by a camera-equipped mobile phone or the like
until when area division is performed for such original
image. FIG. 21A is an example original image. As illus-
trated in FIG. 21A, since there is a part in the lower
left-hand part of the image that obstructs the subject of the
picture (e.g. a part where steam or smoke appears), a part of
the face contour is blurred. FIG. 21B is a diagram showing
the original image in FIG. 21A for which an initial contour
has been specified by a method equivalent to the one used in
the ultrasonic diagnostic device 10 according to the first
embodiment.

[0157] FIG. 21C is a diagram showing the original image
in FIG. 21B for which area division has been performed
through the same method as used in the first embodiment.

[0158] FIGS. 22A and 22B are diagrams showing the
original image in which image processing is performed for
sub-areas 23 and 24 selected from among divided sub-areas.
Such sub-areas 23 and 24 shown in FIG. 22A are two
sub-areas selected using the same method presented in the
first embodiment. FIG. 22B is a diagram showing the
original image for which image processing (e.g. contrast
controller) has been performed for the sub-areas 23 and 24,
as a result of which an improved face contour comes up.

[0159] FIGS.23A and 23B are diagrams showing that the
initial contour is specified again and contour extraction is
performed for the image including the sub-areas for which
image processing has been performed in the present embodi-
ment. FIG. 23A is a diagram showing that the initial contour
is specified again for the image including the sub-areas for
which image processing has been performed. FIG. 23B is a
diagram showing a result of more precise contour extraction
performed for the image illustrated in FIG. 23A for which
the initial contour is specified. As shown in FIG. 23B, a
desirable contour which is approximately the same as the
real one is extracted in this case.

[0160] FIGS. 24A~24C are diagrams intended to explain
an example function added to the image processing device
20. FIG. 24B illustrates a result of performing contour
extraction for the original image shown in FIG. 24A. In this
case, the image processing device 20, as illustrated in FIG.
24D, is capable of making the face contour “smaller” and
“slimmer” on the basis of the extracted contour. A face
contour can be made “smaller” or “slimmer”, as shown in
FIG. 24C for example, by setting the scaling factor for the
horizontal size (e.g. 0.7) lower than that for the vertical size

(e.g. 0.9).
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[0161] FIG. 25 is a diagram intended to explain another
example function added to the image processing device 20.
As illustrated in FIG. 25, the image processing device 20 is
capable of extracting a part of the image on the basis of the
extracted contour and combining such extracted image with
another image (e.g. a scenic image) so as to generate a new
image (e.g. chromakey)

[0162] FIG. 26 is a flowchart showing an overall flow of
processing performed by the image processing device 20.
First, the image generating unit 15 generates an image on the
basis of image data received via the camera unit 21 and the
general controlling unit 22 (S2301).

[0163] Next, the general controlling unit 22 identifies an
initial contour of a subject according to an operator’ opera-
tion or through automatic extraction (S1302). Subsequently,
the area dividing unit 103 divides the image shown on the
display into a plurality of sub-areas (S1303). Then, the
general controlling unit 22 accepts the selection of sub-areas
from the operator (§1306), and gives an instruction to the
each area processing unit 105 to perform image processing
on a per sub-area basis (S1305).

[0164] Then, upon the receipt of an instruction from the
operator indicating that contour extraction is performed
again (82302: Yes), the general controlling unit 22 gives an
instruction to each unit so as to have each unit specify the
initial contour and extract the contour of the subject as
described above (S2303).

[0165] Furthermore, the image processing unit 15 per-
forms processing and overlay for the obtained image at the
instruction of the general controlling until 22 (S2304).

[0166] Note that although the area division methods
employed by the sub-area dividing unit are illustrated in
FIGS. 5~9 and FIG. 21 in the first and the second embodi-
ments, it should be understood that the present invention are
not restricted to such methods. As illustrated in FIGS. 27A
and 27B, for example, an image including the contour line
may be divided in a manner in which an area tile which is
“2C” on a side is defined with the reference point as its
starting point and other area tiles are placed in the same
manner. Accordingly, as illustrated in FIG. 27C, the image
can be divided in accordance with eight area tiles by tracing
the contour line. In this case, the area tiles are placed with
their center being on the contour line.

[0167] Another division method is illustrated in FIGS.
28A and 28B, in which the arca between an external
rectangle and an internal rectangle is divided into sub-areas
(area tiles).

[0168] In FIG. 28A, a circumscribed rectangle (width
W1, length H1) circumscribing the contour line is defined
first. Then, based on the shape of such circumscribed rect-
angle, an external rectangle (width W2, length H2) and an
internal rectangle (width W3, length H3) are defined. More
specifically, rectangles which satisfy W2=5W1/3, H2=5H1/
3, W3=W1/3, and H3=H1/3 are satisfied.

[0169] In FIG. 28B, an external rectangle (width W4,
length H4) which internally includes the contour line is
defined first, and then an internal rectangle (width W5,
length H5) is defined inside the contour line. More specifi-
cally, rectangles which satisfy W5=W4/3 and H5=H3/3 are
defined. Furthermore, the area between such external rect-
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angle and such internal rectangle is divided in accordance
with area tiles (width W6, length H6). To be more specific,
area tiles each of which satisfies W6=W4/3 and H6=H4/6
are defined.

[0170] Note that values of c (see FIG. 27B), W1~W6, and
H1~H6 may be changed to other values according to an
instruction from the operator accepted via the operation unit
14 and that such changed values are used in corresponding
methods for area division. Also note that the above dimen-
sions are just examples and therefore that other dimensions
are employed for image division.

[0171] As described above, with the image processing
device according to the present embodiment, it is possible to
extract from an image the contour of a face or the like whose
contour appears unclear or blurred (ic. improve image
quality) by the use of the same method employed in the
ultrasonic diagnostic device according to the first embodi-
ment. Note that although the explanation provided in the
present embodiment focuses on a face, it should be under-
stood that the present invention is also applicable to the
extraction of a contour of an arbitrary object.

What is claimed is:
1. An image processing device comprising:

an image acquiring unit operable to acquire image data;

an area dividing unit operable to divide an image repre-
sented by the acquired image data into a plurality of
sub-areas;

an area selecting unit operable to make a selection of one
or more of the sub-areas; and

an each area processing unit operable to perform image
processing for each of said one or more selected
sub-areas.

2. The image processing device according to claim 1,

wherein the image data relates to an ultrasound image that
is generated on the basis of an ultrasonic echo, and

the image acquiring unit acquires the image data from an
ultrasonic diagnostic device.
3. The image processing device according to claim 1,

wherein the image data relates to an image that is taken by
the use of a charge coupled device, and

the image acquiring unit acquires the image data from a
CCD camera.
4. The image processing device according to claim 1,

wherein the area selecting unit makes the selection
according to a distance between a reference point of the
entire image and a reference point of each of the
divided sub-areas.

5. The image processing device according to claim 1
further comprises an evaluation value calculating unit oper-
able to calculate evaluation values, each indicating image
clarity of each of the divided sub-areas,

wherein the area selecting unit makes the selection on the
basis of the calculated evaluation values.
6. The image processing device according to claim 5,

wherein the area selecting unit makes a selection from the
sub-areas in decreasing order of unclarity indicated by
the evaluation values.
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7. The image processing device according to claim 5,

wherein the evaluation value calculating unit calculates
the evaluation values using at least one of the following
sub-area information: brightness value information,
shape information; edge information; binarization
information; separation degree information; and maxi-
mum/minimum brightness value information.

8. The image processing device according to claim 6,

wherein the each area processing unit performs at least
one of the following processes as the image processing:
edge extraction process; edge enhancement process;
binarization process; contrast control process; bias con-
trol process; noise reduction process; and Morphology
process.

9. The image processing device according to claim 8§,

wherein the area dividing unit makes the division of the
image by dividing the image into a specified number of
equal parts in directions of an X axis and a Y axis
respectively.

10. The image processing device according to claim 8,

wherein the area dividing unit includes:

a contour information acquiring unit operable to
acquire contour information indicating a contour of
an object in the image;

a gravity center calculating unit operable to calculate a
gravity center of an image specified by the contour
indicated by the acquired contour information; and

a reference point identifying unit operable to identify a
reference point on the contour, and

the area dividing unit makes the division of the image
on the basis of a straight line connecting the gravity
center and the reference point, by dividing the image
starting from the gravity center in a radial pattern at
a specified angle.
11. The image processing device according to claim 8,

wherein the area dividing unit includes:

a contour information acquiring unit operable to
acquire contour information indicating a contour of
an object in the image;

a circumscribed rectangle setting unit operable to set a
rectangle circumscribing the contour;

an internal rectangle setting unit operable to set an
internal rectangle inside the circumscribed rectangle;

an external rectangle setting unit operable to set an
external rectangle outside the circumscribed rect-
angle; and

a sub-area dividing unit operable to divide an area
between the internal rectangle and the external rect-
angle on the basis of the circumscribed rectangle.

12. The image processing device according to claim 8,

wherein the area dividing unit includes:

a contour information acquiring unit operable to
acquire contour information indicating a contour of
an object in the image;

a reference point identifying unit operable to identify a
reference point on the contour, and
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a sub-area placing unit operable to place, on the con-
tour, a sub-area in a specified shape having the
reference point as a center, and

the image includes the placed sub-area.
13. The image processing device according to claim 12,

wherein the area dividing unit further includes a sub-area
changing unit operable to accept an instruction for
changing a shape of the sub-areas.

14. The image processing device according to one of
claims 9~12 further comprises an image reconstructing unit
operable to reconstruct the image using an image of said one
or more selected sub-areas for which the image processing
is performed.

15. The image processing device according to claim 14,

wherein the image reconstructing unit replaces, with the
image of said one or more selected sub-areas for which
the image processing is performed, a corresponding
image of the sub-areas in the acquired image.

16. The image processing device according to claim 15
further comprises a contour re-extracting unit operable to
acquire contour information indicating a contour of the
object in the replaced image.

17. An image processing method including;

an image acquiring step for acquiring image data;

an area dividing step for dividing an image represented by
the acquired image data into a plurality of sub-areas;

an arca selecting step for making a selection of one or
more of the sub-areas; and

an each area processing step for performing specific
image processing for each of said one or more selected
sub-areas.

18. An image processing method including;

an image acquiring step for acquiring image data,

an area dividing step for dividing an image represented by
the acquired image data into a plurality of sub-areas;

an evaluation value calculating step for calculating evalu-
ation values, each indicating image clarity of each of
the divided sub-areas;

an area selecting step for making a selection of one or
more of the sub-areas on the basis of the calculated
evaluation values; and

an each area processing step for performing specific
image processing for each of said one or more selected
sub-areas.

19. A program for an image processing device including:

an image acquiring step for acquiring image data;

an area dividing step for dividing an image represented by
the acquired image data into a plurality of sub-areas;

an area selecting step for making a selection of one or
more of the sub-areas; and

an each area processing step for performing specific
image processing for each of said one or more selected
sub-areas.

20. A program for an image processing device including:

an image acquiring step for acquiring image data,

an area dividing step for dividing an image represented by
the acquired image data into a plurality of sub-areas;
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an evaluation value calculating step for calculating evalu-
ation values, each indicating image clarity of each of
the divided sub-arcas;

an area selecting step for making a selection of one or
more of the sub-areas on the basis of the calculated
evaluation values; and

an each area processing step for performing specific
image processing for each of said one or more selected
sub-areas.

21. An ultrasonic diagnostic device that displays an ultra-
sound image of an object subject to examination generated
on the basis of a reflection of ultrasound, the ultrasonic
diagnostic device comprising:

an image acquiring unit operable to acquire image data,

an area dividing unit operable to divide an ultrasound
image represented by the acquired image data into a
plurality of sub-areas;

an area selecting unit operable to make a selection of one
or more of the sub-areas;

an each area processing unit operable to perform specific
image processing for each of said one or more selected
sub-areas; and

a displaying unit operable to display an image of said one
or more selected sub-areas for which the image pro-
cessing is performed.

22. An ultrasonic diagnostic device that displays an ultra-
sound image of an object subject to examination generated
on the basis of a reflection of ultrasound, the ultrasonic
diagnostic device comprising:

an image acquiring unit operable to acquire image data,

an area dividing unit operable to divide an ultrasound
image represented by the acquired image data into a
plurality of sub-areas;

an evaluation value calculating unit operable to calculate
evaluation values, each indicating image clarity of each
of the divided sub-areas;

an area selecting unit operable to make a selection of one
or more of the sub-arcas on the basis of the calculated
evaluation values;

an each area processing unit operable to perform specific
image processing for each of said one or more selected
sub-areas;

an image reconstructing unit operable to reconstruct the
ultrasound image of the examined object using an
image of said one or more selected sub-areas for which
the image processing is performed; and

a displaying unit operable to display the reconstructed

ultrasound image.

23. A program for an ultrasonic diagnostic device that
displays an ultrasound image of an object subject to exami-
nation generated on the basis of a reflection of ultrasound,
the program having a computer execute the following steps:

an image acquiring step for acquiring image data;

an area dividing step for dividing an ultrasound image
represented by the acquired image data into a plurality
of sub-areas;

an area selecting step for making a selection of one or
more of the sub-areas;
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an each area processing step for performing specific
image processing for each of said one or more selected
sub-areas; and

a displaying step for displaying an image of said one or
more selected sub-areas for which the image processing
is performed.

24. A program for an ultrasonic diagnostic device that
displays an ultrasound image of an object subject to exami-
nation generated on the basis of a reflection of ultrasound,
the program having a computer execute the following steps:

an image acquiring step for acquiring image data;

an area dividing step for dividing an ultrasound image
represented by the acquired image data into a plurality
of sub-areas;
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an evaluation value calculating step for calculating evalu-
ation values, each indicating image clarity of each of
the divided sub-areas;

an area selecting step for making a selection of one or
more of the sub-areas on the basis of the calculated
evaluation values;

an each area processing step for performing specific
image processing for each of said one or more selected
sub-areas;

an image reconstructing step for reconstructing the ultra-
sound image of the examined object using an image of
said one or more selected sub-areas for which the
image processing is performed; and

a displaying step for displaying the reconstructed ultra-
sound image.
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