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between a variance at a position of the low-luminance region
and a variance at a position of the high-luminance region, a
ring level indicating a degree of aring shape of an image of the
tumor region, the ring shape in which a luminance value of a
central portion is lower than a luminance value of a peripheral
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unit (107) that decides the type of the tumor based on the ring
level.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND ULTRASONIC DIAGNOSTIC METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and an ultrasonic diagnostic method. More
particularly, the present invention relates to an ultrasonic
diagnostic apparatus and an ultrasonic diagnostic method for
deciding a type of a tumor contained in a specimen.

BACKGROUND ART

[0002] Ultrasonography is one of image diagnostic meth-
ods capable of forming highly sensitive images of blood
vessels by administration of a contrast medium into the blood
vessels. In Japan, the use of a contrast medium called Son-
azoid is currently approved for diagnosing liver tumors and
mammary tumors. The contrast medium of Sonazoid is
employed for deciding types of tumors.

[0003] In practical situations of diagnosis, an operator ini-
tially checks the presence or absence of a tumor. A tumor is
recognized as a hypoechogenic region or a hyperechogenic
region in an ultrasonic image. Then, a contrast medium is
administrated, and the tumor is imaged.

[0004] At present, a tumor type decision is made based on
subjective decision of a person reading images (operator).
This situation causes a problem that diagnosis results are
dependent on the person reading the images.

[0005] For overcoming this problem, Patent Literature 1
discloses objective differential diagnostic methods based on
time-series changes of two types of feature values, i.e., aver-
age luminance and standard deviations exhibited in a tumor
region.

[0006] According to the technology disclosed in Patent
Literature 1, large and small three circles containing a tumor
are defined, and comparisons are made between temporal
waveforms of the feature values in the respective circles and
typical waveforms of respective types. Then, the type produc-
ing the closest waveforms is decided as the type of the tumor.
Alternatively, the type producing feature values closest to the
feature values of the three circles is decided for each time
phase. Then, the type decided the largest number of times is
decided as the type of the tumor.

CITATION LIST

Patent Literatures
[0007] Patent Literature 1: JP 2010-005263 A
[0008] Patent Literature 2: U.S. Pat. No. 5,632,277
[0009] Patent Literature 3: U.S. Pat. No. 5,706,819
[0010] Patent Literature 4: U.S. Pat. No. 5,577,505

Non Patent Literature

[0011] Non Patent Literature 1: Ultrasonic Diagnostic Cri-

teria for Liver Tumor (Proposal) http://www.jsum.or.jp/
commiittee/diagnostic/pdf/liver_tumor.

SUMMARY OF INVENTION

Technical Problem

[0012] According to the foregoing tumor type decision
methods, however, highly accurate tumor type decision has
been demanded.

Oct. 22,2015

[0013] Accordingly, it is an object of the present invention
to provide an ultrasonic diagnostic apparatus capable of
deciding tumor types with high accuracy.

Solution to Problem

[0014] In order to achieve the above object, an ultrasonic
diagnostic apparatus according to an aspect of the present
invention is an ultrasonic diagnostic apparatus that decides a
type of a tumor contained in a specimen, and includes: an
image forming unit that forms an ultrasonic image corre-
sponding to an echo signal received from the specimen after
administration of a contrast medium; a feature value calcu-
lating unit that classifies each of a plurality of pixel regions
contained in a tumor region including the tumor in the ultra-
sonic image into a low-luminance region, or a high-lumi-
nance region having higher luminance than the luminance of
the low-luminance region, and calculates, based on a differ-
ence between a variance at a position of the low-luminance
region and a variance at a position of the high-luminance
region, a ring level indicating a degree of a ring shape of an
image of the tumor region, the ring shape in which a lumi-
nance value of a central portion is lower than a luminance
value of a peripheral portion surrounding the central portion;
and a type deciding unit that decides the type of the tumor
based on the ring level.

[0015] The foregoing general or specific aspects may be
realized in the form of a system, a method, an integrated
circuit, a computer program, or a recording medium such as a
CD-ROM readable by a computer, or may be realized by
arbitrary combinations of a system, a method, an integrated
circuit, a computer program, and a recording medium.

Advantageous Effects of Invention

[0016] According to the present invention, there can be
provided an ultrasonic diagnostic apparatus capable of decid-
ing tumor types with high accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a view illustrating imaging patterns of a
liver tumor.

[0018] FIG. 2 is a view illustrating a problem.

[0019] FIG. 3isablock diagram illustrating a configuration

of an ultrasonic diagnostic apparatus according to a first
embodiment.

[0020] FIG. 4is a flowchart showing operation executed by
the ultrasonic diagnostic apparatus prior to administration of
a contrast medium according to the first embodiment.
[0021] FIG. 5isa view illustrating an example of a display
screen according to the first embodiment.

[0022] FIG. 6is a flowchart showing operation executed by
the ultrasonic diagnostic apparatus after administration of the
contrast medium according to the first embodiment.

[0023] FIG. 7 is a view illustrating another example of the
display screen according to the first embodiment.

[0024] FIG. 8 is a view illustrating examples of feature
values in case of a typical example of a liver tumor.

[0025] FIG. 9 is a view illustrating a tumor type deciding
process based on the feature values according to the first
embodiment.

[0026] FIG.10isaviewillustrating a further example of the
display screen according to the first embodiment.

[0027] FIG. 11 is a flowchart showing feature value calcu-
lating operation according to the first embodiment.
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[0028] FIG. 12A is a view illustrating measurement of a
size of a tumor according to the first embodiment.

[0029] FIG. 12B is a view illustrating size setting of a
differential filter according to the first embodiment.

[0030] FIG. 13A is a view illustrating an example of the
differential filter and a shift range of the differential filter
according to the first embodiment.

[0031] FIG. 13B is a view illustrating another example of
the differential filter and the shift range of the differential
filter according to the first embodiment.

[0032] FIG. 13C is a view illustrating a further example of
the differential filter and the shift range of the differential
filter according to the first embodiment.

[0033] FIG. 14 is a flowchart showing feature value calcu-
lating operation according to a second embodiment.

[0034] FIG. 15 is a view illustrating the feature value cal-
culating operation according to the second embodiment.
[0035] FIG. 16 is a flowchart showing feature value calcu-
lating operation according to a third embodiment.

[0036] FIG. 17 is a view illustrating the feature value cal-
culating operation according to the third embodiment.
[0037] FIG. 18 is a flowchart showing feature value calcu-
lating operation according to a fourth embodiment.

[0038] FIG. 19 is a view illustrating the feature value cal-
culating operation according to the fourth embodiment.
[0039] FIG. 20 is a flowchart showing feature value calcu-
lating operation according to a fifth embodiment.

[0040] FIG. 21 is a view illustrating the feature value cal-
culating operation according to the fifth embodiment.
[0041] FIG.22A is a view illustrating an example of a TIC
according to the fifth embodiment.

[0042] FIG. 22B is a view illustrating an example of the
TIC according to the fifth embodiment.

[0043] FIG. 23 is a flowchart showing operation executed
by the ultrasonic diagnostic apparatus according to the first
embodiment and an ultrasonic diagnostic apparatus accord-
ing to the second embodiment.

[0044] FIG. 24 is a flowchart showing operation executed
by an ultrasonic diagnostic apparatus according to the third
embodiment.

[0045] FIG. 25 is a flowchart showing operation executed
by ultrasonic diagnostic apparatuses according to the fourth
and fifth embodiment.

DESCRIPTION OF EMBODIMENTS

Findings on which the Present Invention is Based

[0046] The present inventors have found that the following
problems arise from the type decision methods described in
the section of “Background Art”.

[0047] FIG. 1 illustrates a typical example of imaging pat-
terns of a liver tumor (Non Patent Literature 1).

[0048] Thereare roughly two types of imaging time phases.
One type of the imaging time phases is a vascular phase as a
time phase after an elapse of approximately two minutes from
administration of a contrast medium, while the other is a post
vascular phase as a time phase after an elapse of approxi-
mately ten minutes and longer. The vascular phase is a time
phase when a time-series change is remarkable in an imaging
pattern, while the post vascular phase is a time phase when a
time-series change is small in an imaging pattern. In more
detail, the vascular phase is divided into an artery phase where
predominant entrance of blood is from an artery which sup-
plies oxygen to the liver, and a portal phase where predomi-
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nant entrance of blood is from a portal. With a rise of malig-
nancy of a tumor, it is considered that the supply of oxygen
from the artery becomes more predominant along with
decrease in the entrance of blood from the portal.

[0049] In practical situations of diagnosis, a user observes
time-series changes of these imaging patterns to decide a
tumor type. For example, hepatoma is suspected in case of
indications of hyperechogenic for a tumor region in compari-
son with a parenchyma region in the vascular phase, and
hypoechogenic for the tumor region in comparison with the
parenchyma region in the post vascular phase.

[0050] Underthe present circumstances, a tumor type deci-
sion is made based on subjective decision of a person reading
images (user). In this case, such a problem arises that diag-
nosis results are dependent on the person reading images.
[0051] Asillustrated in FIG. 1, useful information for mak-
ing decision in practical differentiations includes a difference
between a tumor region and a parenchyma region, and imag-
ing patterns in a tumor region (such as ring pattern, center
pattern, and iso-pattern).

[0052] According to the first method of Patent Literature 1,
imaging patterns are decided based on standard deviations. In
this case, however, it may occur that the standard deviation of
the center pattern becomes equivalent to the standard devia-
tion of the ring pattern, in which condition accurate decision
may be difficult to make.

[0053] On the other hand, the second method of Patent
Literature 1 evaluates spatial patterns in three circles to evalu-
ate a pattern in a tumor region. According to this method,
however, the pattern in the tumor region is determined based
on a deviation between a predetermined pattern and the pat-
tern in the tumor region corresponding to the decision target.
In this case, discrepancy between an input pattern 81 and a
predetermined pattern 80 increases when the input pattern 81
exhibits a high-degree ring pattern as illustrated in FIG. 2, for
example. In this condition, the degree of the pattern may be
difficult to accurately evaluate.

[0054] Moreover, there is a possibility of disagreement
between the center of a ring pattern and the center of the
tumor region. In this case, the degree of the ring pattern may
be similarly difficult to accurately evaluate.

[0055] An ultrasonic diagnostic apparatus according to an
aspect of the present invention is an ultrasonic diagnostic
apparatus that decides a type of a tumor contained in a speci-
men, and includes: an image forming unit that forms an
ultrasonic image corresponding to an echo signal received
from the specimen after administration of a contrast medium;
a feature value calculating unit that classifies each of a plu-
rality of pixel regions contained in a tumor region including
the tumor in the ultrasonic image into a low-luminance
region, or a high-luminance region having higher luminance
than the luminance of the low-luminance region, and calcu-
lates, based on a difference between a variance at a position of
the low-luminance region and a variance at a position of the
high-luminance region, a ring level indicating a degree of a
ring shape of an image of the tumor region, the ring shape in
which a luminance value of a central portion is lower than a
luminance value of a peripheral portion surrounding the cen-
tral portion; and a type deciding unit that decides the type of
the tumor based on the ring level.

[0056] The ultrasonic diagnostic apparatus thus con-
structed can decide the degree of the ring pattern based on the
variance of the high-luminance region and the variance of the
low-luminance region. In this case, the ultrasonic diagnostic
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apparatus can decide the degree of the ring pattern with high
accuracy even when the center of the ring pattern is not
present at the center of the tumor region, for example.
Accordingly, the ultrasonic diagnostic apparatus can decide
the type of the tumor with high accuracy.

[0057] For example, the feature value calculating unit may
set the ring level to a second value when a difference value
obtained by subtracting the variance at the position of the
low-luminance region from the variance at the position of the
high-luminance region is a first value, and set the ring level to
a fourth value larger than the second value when the differ-
ence value is a third value larger than the first value.

[0058] For example, the feature value calculating unit may
classify each of the regions into the low-luminance region
when the luminance value of the region is smaller than a
predetermined threshold, and classify each of the regions into
the high-luminance region when the luminance value of the
region is larger than the threshold.

[0059] For example, the feature value calculating unit may
calculate a number sequence indicating a time-series change
of the luminance value for each of the regions, classify each of
the regions into the low-luminance region when a difference
between the maximum luminance value and the minimum
luminance value in the number sequence is smaller than a
predetermined threshold, and classify each of the pixels into
the high-luminance region when the difference in the number
sequence is larger than the threshold.

[0060] For example, the feature value calculating unit may
further calculate a difference between luminance of a paren-
chyma region contained in the ultrasonic image and not
including the tumor, and luminance of the tumor region, and
the type deciding unit may decide the type of the tumor based
on the difference between the luminance of the parenchyma
region and the luminance of the tumor region, and on the ring
level.

[0061] The ultrasonic diagnostic apparatus thus con-
structed can decide the type of the tumor based on the lumi-
nance difference between the tumor region and the paren-
chyma region in the ultrasonic image as well as the ring level.
Accordingly, the ultrasonic diagnostic apparatus can decide
the type of the tumor with higher accuracy.

[0062] An ultrasonic diagnostic method according to an
aspect of the present invention is an ultrasonic diagnostic
method that decides a type of a tumor contained in a speci-
men, and includes: an image forming step that forms an
ultrasonic image corresponding to an echo signal received
from the specimen after administration of a contrast medium;
a feature value calculating step that classifies each of a plu-
rality of pixel regions contained in a tumor region including
the tumor in the ultrasonic image into a low-luminance
region, or a high-luminance region having higher luminance
than the luminance of the low-luminance region, and calcu-
lates, based on a difference between a variance at aposition of
the low-luminance region and a variance at a position of the
high-luminance region, a ring level indicating a degree of a
ring shape of an image of the tumor region, the ring shape in
which a luminance value of a central portion is lower than a
luminance value of a peripheral portion surrounding the cen-
tral portion; and a type deciding step that decides the type of
the tumor based on the ring level.

[0063] The ultrasonic diagnostic method having this con-
figuration can decide the degree of the ring pattern based on
the variance of the high-luminance region and the variance of
the low-luminance region. In this case, the ultrasonic diag-
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nostic method can decide the degree of the ring pattern with
high accuracy even when the center of the ring pattern is not
present at the center of the tumor region, for example.
Accordingly, the ultrasonic diagnostic method can decide the
type of the tumor with high accuracy.

[0064] An ultrasonic diagnostic apparatus according to an
aspect of the present invention is an ultrasonic diagnostic
apparatus that decides a type of a tumor contained in a speci-
men, and includes: an image forming unit that forms an
ultrasonic image corresponding to an echo signal received
from the specimen after administration of a contrast medium
into the specimen; a region of interest setting unit that
searches for a first region of interest corresponding to a cen-
tral portion in a ring shape in a tumor region containing the
tumor in the ultrasonic image, the ring shape in which a
luminance value of the central portion is lower than a lumi-
nance value of a peripheral portion surrounding the central
portion; a feature value calculating unit that calculates a dif-
ference between luminance of the first region of interest and
luminance of a second region of interest corresponding to the
peripheral portion to designate the difference as a ring level
indicating a degree of the ring shape of an image of the tumor
region; and a type deciding unit that decides the type of the
tumor based on the ring level.

[0065] The ultrasonic diagnostic apparatus thus con-
structed can decide the degree of the ring pattern with high
accuracy based on the search for the low-luminance region
within the tumor region even when the center of the ring
pattern is not present at the center of the tumor region, for
example. Accordingly, the ultrasonic diagnostic apparatus
can decide the type of the tumor with high accuracy.

[0066] For example, in a plurality of search regions in a
predetermined size contained in the tumor region and located
at different positions, the region of interest setting unit may
search for the search region where a luminance difference
between a first region in a range determined beforehand in the
search regions and a second region in a range determined
beforehand and surrounding the first region becomes the
maximum, and may set the first region contained in the search
region where the luminance difference becomes the maxi-
mum as the first region of interest.

[0067] The ultrasonic diagnostic apparatus thus con-
structed can appropriately set the first region of interest cor-
responding to the central portion of the ring pattern within the
tumor region. Accordingly, the ultrasonic diagnostic appara-
tus can decide the type of the tumor with high accuracy.

[0068] For example, for the region of interest setting unit,
the first region may be substantially circular, and the second
region may be a substantially circular region centered at the
center of the first region and corresponding a portion other
than the first region.

[0069] The ultrasonic diagnostic apparatus thus con-
structed can set the first region of interest regardless of the
position or shape of the central portion of the tumor region.
Accordingly, the ultrasonic diagnostic apparatus can decide
the type of a liver tumor with high accuracy.

[0070] For example, the image forming unit may form
ultrasonic images in a plurality of time phases including an
artery phase, the region of interest setting unit may set the first
region of interest in the ultrasonic image in the artery phase,
and the feature value calculating unit may calculate the plu-
rality of ring levels in the plurality of time phases based on the
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set first region of interest, and the type deciding unit may
decide the type of the tumor based on the plurality of calcu-
lated ring levels.

[0071] The ultrasonic diagnostic apparatus thus con-
structed can prevent shift of the position of the first region of
interest for each time phase. Accordingly, the ultrasonic diag-
nostic apparatus can decide the tumor type with high accu-
racy.

[0072] For example, in a plurality of search regions in a
predetermined size contained in the tumor region and located
at different positions, the region of interest setting unit may
search for the search region exhibiting the minimum lumi-
nance, and may set the search region exhibiting the minimum
luminance as the first region of interest.

[0073] The ultrasonic diagnostic apparatus thus con-
structed can appropriately set the first region of interest cor-
responding to the central portion of the ring pattern within the
tumor region. Accordingly, the ultrasonic diagnostic appara-
tus can decide the type of the tumor with high accuracy.
[0074] An ultrasonic diagnostic method according to an
aspect of the present invention is an ultrasonic diagnostic
method that decides a type of a tumor contained in a speci-
men, and includes: an image forming step that forms an
ultrasonic image corresponding to an echo signal received
from the specimen after administration of a contrast medium;
a region of interest setting step that searches for a first region
of interest corresponding to a central portion in a ring shape in
a tumor region containing the tumor in the ultrasonic image,
the ring shape in which a luminance value of the central
portion is lower than a luminance value of a peripheral portion
surrounding the central portion; a feature value calculating
step that calculates a difference between luminance of the first
region of interest and luminance of a second region of interest
corresponding to the peripheral portion to designate the dif-
ference as a ring level indicating a degree of the ring shape of
an image of the tumor region; and a type deciding step that
decides the type of the tumor based on the ring level.

[0075] The ultrasonic diagnostic method having this con-
figuration can decide the degree of the ring pattern with high
accuracy based on the search for the low-luminance region
within the tumor region even when the center of the ring
pattern is not present at the center of the tumor region, for
example. Accordingly, the ultrasonic diagnostic method can
decide the type of the tumor with high accuracy.

[0076] An ultrasonic diagnostic apparatus according to an
aspect of the present invention is an ultrasonic diagnostic
apparatus that decides a type of a tumor contained in a speci-
men, and includes: an image forming unit that forms an
ultrasonic image corresponding to an echo signal received
from the specimen after administration of a contrast medium;
a feature value calculating unit that projects luminance values
of a plurality of pixels contained in a tumor region including
the tumor in the ultrasonic image such that the luminance
values are projected in a horizontal direction and a vertical
direction, and calculates, based on degrees of downward con-
vexity exhibited in the projected results, a ring level indicat-
ing a degree of a ring shape of an image of the tumor region,
the ring shape in which a luminance value of the central
portion is lower than a luminance value of a peripheral portion
surrounding the central portion, the ring level calculated; and
a type deciding unit that decides the type of the tumor based
on the ring level.

[0077] The ultrasonic diagnostic apparatus thus con-
structed calculates the degree of the ring pattern based on the
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projected results of the luminance values within the tumor
region as projected in the horizontal direction and the vertical
direction. In this case, the ultrasonic diagnostic apparatus can
decide the degree of the ring pattern with high accuracy even
when the center of the ring pattern is not present at the center
of the tumor region, for example. Accordingly, the ultrasonic
diagnostic apparatus can decide the type of the tumor with
high accuracy.

[0078] An ultrasonic diagnostic apparatus according to an
aspect of the present invention is an ultrasonic diagnostic
method that decides a type of a tumor contained in a speci-
men, and includes: an image forming step that forms an
ultrasonic image corresponding to an echo signal received
from the specimen after administration of a contrast medium;
a feature value calculating step that projects luminance values
of a plurality of pixels contained in a tumor region including
the tumor in the ultrasonic image such that the luminance
values are projected in a horizontal direction and a vertical
direction, and calculates, based on degrees of downward con-
vexity exhibited in the projected results, a ring level indicat-
ing a degree of a ring shape of an image of the tumor region,
the ring shape in which a luminance value of the central
portion is lower than a luminance value of a peripheral portion
surrounding the central portion, the ring level calculated; and
a type deciding step that decides the type of the tumor based
on the ring level.

[0079] The ultrasonic diagnostic method having this con-
figuration calculates the degree of the ring pattern based on
the projected results of the luminance values within the tumor
region as projected in the horizontal direction and the vertical
direction. In this case, the ultrasonic diagnostic method can
decide the degree of the ring pattern with high accuracy even
when the center of the ring pattern is not present at the center
of the tumor region, for example. Accordingly, the ultrasonic
diagnostic method can decide the type of the tumor with high
accuracy.

[0080] The foregoing general or specific aspects may be
realized in the form of a system, a method, an integrated
circuit, a computer program, or a recording medium record-
ing medium such as a CD-ROM readable by a computer, or
may be realized by arbitrary combinations of a system, a
method, an integrated circuit, a computer program, and a
recording medium.

[0081] An ultrasonic diagnostic apparatus according to an
aspect of the present invention is hereinafter described with
reference to the drawings.

[0082] Each of embodiments discussed hereinbelow illus-
trates a preferable specific example of the present invention.
Numerical values, shapes, materials, constituent elements,
the positions and connection forms of the constituent ele-
ments, steps, the order of the steps, and others are presented
by way of example only, and not intended to limit the present
invention. In addition, constituent elements not included in
the independent claims defining the uppermost concepts of
the present invention are presented as arbitrary constituent
elements included in more preferable modes.

[0083] Configuration and operation of a system are now
described.

First Embodiment
[0084] Discussed in this embodiment is an example which

adopts feature values reflecting a luminance difference
between a tumor region (target region) and a parenchyma
region in an ultrasonic image, and imaging patterns (such as



US 2015/0297172 Al

ring pattern, center pattern, and iso-pattern) in the tumor
region to decide a type of a liver tumor with high accuracy.
The “tumor” in this context refers to a tissue exhibiting prop-
erties different from those of other tissues, including both a
benign tumor and a malignant tumor.

[0085] FIG.3isablock diagram illustrating a configuration
of an ultrasonic diagnostic apparatus 100 according to this
embodiment.

[0086] As illustrated in FIG. 3, an ultrasonic system
according to this embodiment includes the ultrasonic diag-
nostic apparatus 100, an ultrasonic probe 101, an input device
110, and a display device 111. The ultrasonic diagnostic
apparatus 100 includes an ultrasonic wave transmitting and
receiving unit 102, an image forming unit 103, a data storing
unit 104, a region of interest setting unit 105, a feature value
calculating unit 106, a type deciding unit 107, a display screen
creating unit 108, and an input value acquiring unit 109.
[0087] (Configuration)

[0088] The ultrasonic probe 101 convetrts electric signals
output from the ultrasonic wave transmitting and receiving
unit 102 into ultrasonic waves, and transmits the ultrasonic
waves to a specimen. Then, the ultrasonic probe 101 receives
echo signals reflected on the specimen and returning to the
ultrasonic probe 101, converts the received echo signals into
electric signals, and outputs the electric signals to the ultra-
sonic wave transmitting and receiving unit 102.

[0089] The ultrasonic wave transmitting and receiving unit
102 generates electric signals corresponding to original sig-
nals of ultrasonic signals, and outputs the generated electric
signals to the ultrasonic probe 101. In addition, the ultrasonic
wave transmitting and receiving unit 102 converts electric
signals output from the ultrasonic probe 101 into digital echo
signals, and outputs the echo signals to the image forming
unit 103.

[0090] The image forming unit 103 converts the echo sig-
nals output from the ultrasonic wave transmitting and receiv-
ing unit 102 into luminance values to form an ultrasonic
image. The image forming unit 103 stores the formed ultra-
sonic image in the data storing unit 104.

[0091] The data storing unit 104 stores the input image
(ultrasonic image), information on a cross section of interest
including a tumor, information on regions of interest used for
type decision, learning data used for type decision, feature
values of input data used for type decision, and others.
[0092] The input value acquiring unit 109 acquires infor-
mation on the cross section of interest, the regions of interest
and others designated by an operator via the input device 110,
and stores this information in the data storing unit 104.

[0093] The region of interest setting unit 105 reads an
image ofthe cross section of interest and the input image from
the data storing unit 104, and calculates a positional deviation
between these images. Then, the region of interest setting unit
105 reads information on the regions of interest from the data
storing unit 104, and corrects the positions of the regions of
interest in the input image based on the calculated positional
deviation. Thereafter, the region of interest setting unit 105
stores the corrected information on the regions of interest in
the data storing unit 104.

[0094] The feature value calculating unit 106 reads the
input image and the corrected information on the regions of
interest from the data storing unit 104, and extracts predeter-
mined feature values from the regions of interest in the input
image. Then, the feature value calculating unit 106 arranges
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the calculated feature values in time series, and stores the
feature values in the data storing unit 104.

[0095] The type deciding unit 107 reads, from the data
storing unit 104, feature values in the range from administra-
tion of a contrast medium to a post vascular phase, and learn-
ing data for each type, and then decides the tumor type based
on the obtained information. The type deciding unit 107 hav-
ing decided the tumor type stores the type decision result in
the data storing unit 104.

[0096] The display screen creating unit 108 reads the input
image, the feature values, the type decision result and others
from the data storing unit 104 to create a display screen based
on the obtained information. The display screen thus created
is displayed on the display device 111.

[0097] The input device 110 receives input from the opera-
tor. The input device 110 is constituted by a trackball, a
button, a touch panel or the like.

[0098] The display device 111 displays the display screen
created by the display screen creating unit 108. The display
device 111 is constituted by a display or the like.

[0099] Discussed hereinabove is the apparatus configura-
tion according to this embodiment.

[0100] (Operation)

[0101] The flow of operation according to this embodiment
is hereinafter described.

[0102] Operation executed by the ultrasonic diagnostic
apparatus 100 prior to administration of a contrast medium is
discussed at first. FIG. 4 is a flowchart showing operation
prior to administration of the contrast medium according to
this embodiment.

[0103] [Step S101]

[0104] Initially, the image forming unit 103 converts echo
signals output from the ultrasonic wave transmitting and
receiving unit 102 into luminance values to form an ultrasonic
image. Then, the image forming unit 103 stores the ultrasonic
image thus formed in the data storing unit 104 as an input
image. The display screen creating unit 108 reads the input
image from the data storing unit 104 where the input image
has been stored by the image forming unit 103. Then, the
display screen creating unit 108 integrates the input image
with patient information, setting information and others to
create a display screen, and displays the created display
screen on the display device 111. A display mode for this
display is referred to as a normal mode. The normal mode
corresponds to a display mode prior to administration of the
contrast medium.

[0105] [Step S102]

[0106] In step S101, the input value acquiring unit 109
receives operation of play stop from the operator. When the
operator inputs operation for stopping play through the input
device 110, the flow goes to step S103 to execute a process in
step S103. On the other hand, when the operator does not
input operation for stopping play, the flow returns to step
S101.

[0107] [Step S103]

[0108] When it is detected that the operator has input play
stop operation through the input device 110, the ultrasonic
wave transmitting and receiving unit 102 and the image form-
ing unit 103 stop transmission and reception of ultrasonic
waves and image formation, respectively. Then, the display
screen creating unit 108 displays a still image on the display
device 111. The region of interest setting unit 105 registers an
ultrasonic image stored in the data storing unit 104 and cor-
responding to an image stop hold as a cross section of interest.
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[0109] [Step S104]

[0110] When the operator inputs type decision operation
through the input device 110 in a subsequent step, the region
of interest setting unit 105 detects candidates for a tumor
region and a parenchyma region, i.e., regions of interest, from
the cross section of interest, and stores the detection results in
the data storing unit 104 as information on the regions of
interest. Then, the display screen creating unit 108 reads
information on the cross section of interest and the regions of
interest from the data storing unit 104 where the information
has been stored by the region of interest setting unit 105,
creates a display screen which contains the information indi-
cating the regions of interest superimposed on the cross sec-
tion of interest, and displays the created display screen on the
display device 111. On the display screen, the outer edges of
the regions of interest are displayed in broken lines, for
example. Alternatively, the entire regions of interest are col-
ored to such an extent that the image of the cross section of
interest can be seen through the regions of interest.

[0111] FIG. Sillustrates an example of the display screen in
the normal mode. In FIG. 5, an ultrasonic image G11 is
displayed on a display screen (normal mode) G10. The ultra-
sonic image G11 contains a tumor region G12 and a paren-
chyma region G13. The ultrasonic image G11 herein is an
input image read from the data storing unit 104.

[0112] The region of interest setting unit 105 uses a two-
dimensional differential filter to detect a candidate for the
tumor region. The coefficients of the two-dimensional differ-
ential filter are so determined that a filter value becomes a
large value in a region where the luminance distributionis low
at the center and high in the periphery, and in a region where
the luminance distribution is high at the center and low in the
periphery. The region of interest setting unit 105 shifts the
two-dimensional differential filter throughout the screen to
calculate a filter value for each position.

[0113] A plurality of candidates in different sizes are
detectable for the tumor region by varying the resolution of
the input image corresponding to the filtering target. For
example, when the resolution of the input image is changed to
half of the resolution, a tumor in a size twice larger than the
size of the tumor in the foregoing example is detectable by
using the differential filter in the same size. Accordingly, a
plurality of candidates in different sizes are detectable for the
tumor region by the use of images in several patterns of
resolution for detection of candidates for the tumor region.

[0114] The region of interest setting unit 105 having calcu-
lated filter values for the respective positions designates, as a
candidate for the tumor region, the region having the maxi-
mum filter value in the plurality of calculated filter values.

[0115] In addition, the region of interest setting unit 105
designates, as a candidate for the parenchymaregion, a region
located at the same depth as the depth of the detected tumor
region. The parenchyma region in this context refers to a
normal region not containing a tumor. The parenchyma
region is set to a region in the vicinity of the tumor region.

[0116] While the candidate for the tumor region is detected
by using the two-dimensional differential filter according to
the foregoing example, the tumor region may be determined
based on reading of the ultrasonic image by the operator
instead of the use of the differential filter.

[0117] Each shape of the tumor region and the parenchyma
region is a circular or elliptical shape, for example, but is not
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limited to these shapes. The shapes of the tumor region and
the parenchyma region may be arbitrary shapes such as a
polygonal shape.

[0118] [Step S105]

[0119] Then, the display screen creating unit 108 displays,
on the display device 111, a confirmation message for con-
firming whether or not the candidates for the regions of inter-
est are appropriate.

[0120] [Step S106]

[0121] Then, the input value acquiring unit 109 receives
input from the operator as a response to the confirmation
message in step S105 via the input device 110. The input from
the operator in response to the confirmation message is
completion of setting of the regions of interest, or correction
for the parenchyma region or the tumor region.

[0122] [Step S107]

[0123] When the operator inputs completion of setting of
the regions of interest, the input value acquiring unit 109
makes a final decision on the information about the regions of
interest stored in the data storing unit 104.

[0124] [Step S108]

[0125] When the operator corrects the tumor region
through the input device 110 in response to the confirmation
message in step S105, the region of interest setting unit 105
changes the parenchyma region in accordance with the cor-
rection of the tumor region. Then, the flow goes to step S109
to execute a process in step S109.

[0126] [Step S109]

[0127] When the operator corrects the parenchyma region
through the input device 110 in response to the confirmation
message in step S105, or after the parenchyma region is
changed in step S108, the region of interest setting unit 105
corrects the information about the regions of interest stored in
the data storing unit 104. Then, the flow returns to step S105,
where the display screen creating unit 108 displays a confir-
mation message.

[0128] Discussed hereinabove is the flowchart showing set-
tings of the cross section of interest, and regions of interest
according to this embodiment.

[0129] Operation executed by the ultrasonic diagnostic
apparatus 100 after administration of the contrast medium is
hereinafter described. FIG. 6 is a flowchart showing operation
after administration of the contrast medium according to this
embodiment.

[0130] [Step S201]

[0131] After the final decision is made on the regions of
interest in the cross section of interest in step S107, the
ultrasonic wave transmitting and receiving unit 102 and the
image forming unit 103 initially execute transmission and
reception of ultrasonic waves corresponding to imaging ultra-
sonic waves, and image formation, respectively. More spe-
cifically, the image forming unit 103 forms a contrast image
G21 where reflection echo from the contrast medium is pre-
dominant, and a tissue image G22 where reflection echo from
a tissue is predominant, by using known pulse inversion or
amplitude modulation (see Patent Literatures 2, 3, and 4), for
example. The tissue image G22 in this context is an image
corresponding to fundamental wave components of received
ultrasonic waves. Then, the image forming unit 103 stores the
contrast image G21 and the tissue image G22 in the data
storing unit 104. The display screen creating unit 108 reads
the contrast image G21 and the tissue image G22 from the
data storing unit 104 where the images have been stored by
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the image forming unit 103, and creates a display screen
containing these images arranged in the left-right direction.

[0132] FIG.7illustrates an example of the display screen in
an imaging mode. As illustrated in FIG. 7, there are displayed
on a display screen G20 (imaging mode) the contrast image
G21 and the tissue image G22 corresponding to ultrasonic
images, and a feature value transition G25. The contrast
image G21 contains a tumor region G23A and a parenchyma
region (G24A. On the other hand, the tissue image G22 con-
tains a tumor region G23B and a parenchyma region G24B.
[0133] The contrast image G21 and the tissue image G22
are the contrast image G21 and the tissue image G22 read
from the data storing unit 104 and arranged in the left-right
direction. The tumor regions G23 A and G23B and the paren-
chyma regions G24A and (G24B are designated by the system
or the operator. The feature value transition G25 is a time-
series display of feature values used for making type decision.
[0134] The display screen creating unit 108 displays the
created display image on the display device 111.

[0135] [Step S202]

[0136] Then, the region of interest setting unit 105 calcu-
lates a positional deviation between the cross section of inter-
est and the input image stored in the data storing unit 104.
This positional deviation is produced by hands movement of
the operator, or movements of living bodies in accordance
with the heart movement and breathing. The region of interest
setting unit 105 calculates the deviation based on known
pattern matching. This pattern matching is executed by using
the tissue image G22 formed by the image forming unit 103 in
step S201 and less influenced by reflection echo from the
contrast medium.

[0137] [Step S203]

[0138] Then, the region of interest setting unit 105 deter-
mines whether or not the cross section of interest and the input
image after positional correction, both of which are stored in
the data storing unit 104, are constituted by the same cross
section. For example, the region of interest setting unit 105
calculates a discrepancy between both the images, and deter-
mines that both the images are constituted by the same cross
section when the discrepancy is a threshold or smaller. When
it is determined that both the images are constituted by the
same cross section, the region of interest setting unit 105
corrects the positions of the regions of interest in the input
image based on the deviation calculated in step S202. When it
is determined that the images are constituted by different
cross sections, calculation of the feature values is not per-
formed.

[0139] [Step S204]

[0140] Then, the feature value calculating unit 106 calcu-
lates a feature value e and a feature value r used for making
type decision based on the regions of interest in the input
image stored in the data storing unit 104. The specific method
for calculating the value e and the value r will be described
later.

[0141] FIG. 8 is a view illustrating examples of the feature
value e and the feature value r in case of a typical example of
a liver tumor. In FIG. 8, the tumor region exhibits hyper-
echogenic with respect to the surroundings when the value e
is a positive value, and exhibits hypoechogenic with respect
to the surroundings when the value e is a negative value. On
the other hand, the exhibited pattern is a ring pattern when the
value r is a positive value, and is a center pattern when the
value r is a negative value.
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[0142] As illustrated in (a) in FIG. 8, hepatoma is charac-
teristic in findings of a uniform pattern (more precisely, bas-
ket pattern) in the vascular phase, and hypoechogenic in the
post vascular phase. Accordingly, the value r in the vascular
phase is close to zero, while the value e in the post vascular
phase is negative.

[0143] Asillustratedin (b)in FIG. 8, metastatic liver cancer
is characteristic in findings of a ring pattern in the vascular
phase and hypoechogenic in the post vascular phase. Accord-
ingly, the value r in the vascular phase is positive, while the
value e in the post vascular phase is negative.

[0144] As illustrated in (¢) in FIG. 8, hemangioma of liver
1s characteristic in findings of transition from a ring pattern to
auniform pattern in the vascular phase and hypoechogenic in
the post vascular phase. Accordingly, the value r in the vas-
cular phase changes from a positive value to zero, while the
value e in the post vascular phase is negative.

[0145] As illustrated in (d) in FIG. 8, FNH (focal nodular
hyperplasia) is characteristic in findings of a cartwheel pat-
tern expanding from the center to the outside in the vascular
phase and isoechogenic in the post vascular phase. Accord-
ingly, the value r in the vascular phase changes from a nega-
tive value to zero, while the value e in the post vascular phase
is close to zero.

[0146] As apparent from these examples, the characteristic
findings of a liver tumor are supportable by the use of the
value e and value r.

[0147] [Step S205]

[0148] Then, the input value acquiring unit 109 receives
operation from the operator. When the operator inputs a
request for ending the operation, the flow goes to step S206 to
execute a process in step S206.

[0149] [Step S206]

[0150] Then, the type deciding unit 107 makes tumor type
decision based on the learning data and the feature values in
the range from the vascular phase to the post vascular phase
stored in the data storing unit 104.

[0151] Feature values 61 for respective fixed sections of
interest determined beforehand are used for making type
decision.

[0152] FIG. 9 is a view illustrating tumor type decision
based on feature values according to this embodiment. Sec-
tions T1 to T3 are sections of interest 60 used for type deci-
sion. Values el to e3, and values r1 to r3 are average values of
values e and values r belonging to the respective sections of
interest 60. According to an example illustrated in FIG. 9,
tumor type decision is made based on six input parameters.
Discussed herein is a case of type decision using a known
support vector machine (linear). Assuming learning data fora
type 1 as w(i) and b (i), an evaluation value as m(i), and an
input parameter as X, a relation of (Equation 1) holds.

[Equation 1]

m)=w (@) ¥ B ()

[0153] In this case, the values w (i) and b (i) are learning
data calculated by the support vector machine, and prepared
for each type i. The details of the learning method are not
described herein. In case of tumor type decision to be made
for input data, the type deciding unit 107 calculates the evalu-
ation value m(i) for all of the types, and decides, as the type of
the input data, the type whose evaluation value m becomes the
maximum.

Equation (1)
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[0154] Thedisplay screencreating unit 108 may display the
decided type. FIG. 10 shows a screen display example of the
decision results. As illustrated in this figure, the display
screen creating unit 108 may display information indicating a
plurality of types corresponding to decision targets, and prob-
abilities of the respective types. The display screen creating
unit 108 may display this information in a graphical manner
such as a bar graph, or may display only the type which has
the highest probability.

[0155] Calculation of the feature values executed in step
S204 is now described with reference to FIG. 11. FIG. 11isa
flowchart showing calculation of the feature values according
to this embodiment.

[0156] [Step S301]

[0157] Initially, the region of interest setting unit 105 mea-
sures the size of a tumor region 70 (vertical width h and
horizontal width w) as illustrated in FIG. 12A.

[0158] [Step S302]

[0159] Then, the region of interest setting unit 105 deter-
mines the size of a differential filter 72 based on the measured
tumor size. The differential filter 72 is provided for detecting
a ring pattern. As illustrated in FIG. 12B, a coefficient 74 at
the center of the differential filter 72 is negative, while a
coeflicient 73 in the periphery is positive. The former region
having the negative coefficient corresponds to a first region of
interest in a central portion of the ring pattern of the tumor
region 70, while the latter region having the positive coeffi-
cient corresponds to a second region of interest in a peripheral
portion of the ring pattern of the tumor region 70.

[0160] According to the example illustrated in FIG. 12B,
the size of the differential filter 72 has a length corresponding
to the vertical width of the tumor region 70, i.e., the vertical
width smaller than the horizontal width of the tumor region
70. The shape of the differential filter 72 is a square shape.
The size of the negative region is half the size of each of the
vertical and horizontal widths of the differential filter 72.
However, the size of the negative region is not limited to this
size. It is preferable that the size of the negative region lies
approximately in the range from half the size of each of the
vertical and horizontal widths of the differential filter 72 to
three fourths of the size of each of the vertical and horizontal
widths of the differential filter 72.

[0161] [Step S303]

[0162] Then, the feature value calculating unit 106 shifts
the differential filter 72 within the tumor region 70 as illus-
trated in FIG. 13A, and performs product-sum operation for
the differential filter 72 and the image at each position to
obtain derivatives. More specifically, assuming a pixel value
as p, a coefficient value of the differential filter 72 as f, and the
size (range) of the differential filter 72 as R, a derivative d at
a position (x, y) in the image is expressed as the following
(Equation 2).

[Equation 2]

dry)= 3 plek iy £ii) Fauation

ijeR

[0163] Then, the feature value calculating unit 106 sets the
maximum derivative d in the plurality of calculated deriva-
tives d as the value r (feature value r) corresponding to an
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image feature value. More specifically, assuming that a scan
range within the tumor region 70 is S, the value r is expressed
as the following (Equation 3).

[Equation 3]

r=MAX[d(x, y)]

x,yes

Equation (3)

[0164] By this method, the feature value calculating unit
106 can extract the feature value at the position where the ring
pattern is most prominent within the tumor region 70.
[0165] [Step S304]

[0166] Finally, the feature value calculating unit 106 calcu-
lates an average luminance value for each of the tumor region
70 and parenchyma region, and sets the difference between
these average values as the value e (feature value e) corre-
sponding to an image feature value. In this case, the feature
value calculating unit 106 may calculate, as the average lumi-
nance value of the tumor region 70, an average luminance
value in the image region where the maximum feature value
dis calculated (in the same size as the size R of the differential
filter 72), or an average luminance value of the entire tumor
region detected or set in step S104.

[0167] Assuming the average luminance of the tumor
region 70 as X, and the average luminance of the parenchyma
region as y, the value e is expressed by the following (Equa-
tion 4).

[Equation 4]

e=x-y Equation (4)

[0168] The feature value calculating unit 106 may set the
size of the differential filter 72 to a further smaller size than
the smaller width of either the vertical width or horizontal
width of the tumor region 70 so as to conduct finer scanning
for the inside of the tumor region 70 as illustrated in FIG. 13B.
In addition, the shape of the differential filter 72 may be a
circular shape or an approximately circular shape as illus-
trated in FIG. 13C.

[0169] The feature value calculating unit 106 may scan the
differential filter 72 only when the luminance of the tumor
region 70 becomes a predetermined threshold or higher. This
method initiates scanning prior to the time of contrast, where-
fore the detection results do not become instable.

[0170] The feature value calculating unit 106 may conduct
this scanning only for a predetermined time phase (such as
artery phase), and apply the position of the differential filter
72 determined in the predetermined time phase to the follow-
ing time phases, for example. This method prevents shift of
the determined position of the differential filter 72 in the
subsequent time phases.

[0171] According to the foregoing example, the value r is
the difference between the luminance value in the peripheral
portion where the positive coefficients of the differential filter
72 are integrated, and the luminance value at the central
portion where the negative coefficients of the differential
filter 72 are integrated. However, the value r may be a lumi-
nance difference between the luminance value in the central
portion, and the luminance value in a region contained in the
tumor region 70 and corresponding to a portion other than the
central portion.

[0172] Thedisplay screencreating unit 108 may display the
position where the derivative d becomes the maximum. For
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example, the display screen creating unit 108 draws a sub-
stantially circular shape to indicate the outer edge of the
central portion, i.e., the boundary between the central portion
where the negative regions of the differential filter 72 are
integrated, and the peripheral portion where the positive
regions of the differential filter 72 are integrated. The display
screen creating unit 108 may also draw a substantially circu-
lar shape to indicate the outer edge of the peripheral portion.
This method allows the operator to recognize which position
in the tumor region has been extracted as the central portion of
the ring pattern. The display screen creating unit 108 may
display the central portion and the peripheral portion only
when the value r is larger than a predetermined threshold.
This method allows the operator to recognize the situations in
deciding likelihood of the ring pattern.

[0173] Thedisplay screen creating unit 108 may display the
position of the differential filter 72 during scanning in step
S303. In addition, buttons or bars for play, pause and the like
may be equipped. Moreover, the operator may shift or fix the
position of the differential filter 72, or modify the shape of the
differential filter 72 by dragging the mouse on the outer edge
of the central portion or the peripheral portion. Particularly,
during offline operation of the ultrasonic diagnostic apparatus
100, correction of the position of the differential filter 72
increases the accuracy of the features of the tumor region 70
obtained based on observation and experiences of the opera-
tor. As a result, the accuracy of the type decision results
improves.

[0174] Discussed hereinabove is the flowchart of the opera-
tion executed after administration of the contrast medium
according to this embodiment.

[0175] According to the description hereinabove, the can-
didate for the parenchyma region is set to a region located at
the same depth as the depth of the tumor region and close to
the tumor region. However, the candidate for the parenchyma
is not limited to this region. For example, such a region may
be selected which has a depth different from the depth of the
tumor region when there exists a hyperechogenic region such
as the diaphragm in the region located at the same depth as the
depth of the tumor region and close to the tumor region.
[0176] In calculating the luminance difference between the
tumor region and the parenchyma region, the feature value
calculating unit 106 is not required to calculate the luminance
value of the tumor region based on the luminance value of the
entire tumor region, but may calculate the luminance value of
the tumor region based on the luminance value of a hypo-
echogenic region 71 used for calculation of the feature values
of the ring pattern, for example.

[0177] According to the above description, the feature
value calculating unit 106 uses the average luminance of each
of the regions for calculation of the feature values. However,
other information on luminance may be used for this purpose.
Other information on luminance in this context may include
luminance at a point of a predetermined position within the
region, the center value of luminance of'the region, or amode
of luminance in the region, for example.

[0178] The type deciding unit 107 may vary the sections of
interest 60 for each type of tumors when associating feature
values with tumor types.

[0179]  According to the foregoing example, the type decid-
ing unit 107 uses the support vector machine when associat-
ing feature values with tumor types. However, the type decid-
ing unit 107 is not required to use the support vector machine
but may adopt other types of machine learning.

Oct. 22,2015

Advantageous Effects

[0180] As described above, the ultrasonic diagnostic appa-
ratus according to an aspect of the present invention can
decide a tumor type based on a luminance difference between
two regions of interest contained in a target region (tumor
region) in an ultrasonic image and exhibiting remarkable
features for each type of the tumor. More specifically, the
ultrasonic diagnostic apparatus decides a ring pattern based
on the luminance difference between the two regions of inter-
est, and thereby evaluates the degree of the ring pattern. In this
case, the ultrasonic diagnostic apparatus more appropriately
identifies a tumor type. Accordingly, the ultrasonic diagnostic
apparatus can decide a type of a liver tumor with high accu-
racy without depending on a person who reads images.
[0181] The ultrasonic diagnostic apparatus searches for a
region where the degree of the ring pattern becomes the
maximum within a tumor region. Accordingly, the ultrasonic
diagnostic apparatus can appropriately calculate the degree of
the ring pattern even when the ring pattern is not present at the
center of the tumor region.

[0182] Theultrasonic diagnostic apparatus decides a tumor
type based on the luminance difference between a tumor
region and a parenchyma region in an ultrasonic image, as
well as on the luminance of the tumor region. Accordingly,
the ultrasonic diagnostic apparatus can decide a type ofa liver
tumor with high accuracy.

[0183] The ultrasonic diagnostic apparatus recognizes a
tumor region in an ultrasonic image as a circular shape, and
sets a region of interest for each of the central portion the
circular shape and the peripheral portion of the circular shape.
Then, the ultrasonic diagnostic apparatus calculates the lumi-
nance difference between these regions of interest to identify
the type of the tumor based on the luminance difference.
Accordingly, the ultrasonic diagnostic apparatus can decide a
type of a liver tumor with higher accuracy.

[0184] The search for the ring pattern may be limited to the
artery phase. More specifically, the region of interest setting
unit 105 sets the first region of interest in an ultrasonic image
in the artery phase. The feature value calculating unit 106
calculates a ring level (feature value r) for each of a plurality
of time phases based on the set first region of interest. The ring
level in this context refers to the degree of the ring pattern.
The type deciding unit 107 decides a tumor type based on the
plurality of calculated ring levels. Accordingly, the ultrasonic
diagnostic apparatus can prevent shift of the evaluation posi-
tion in the ring pattern for each time phase, thereby deciding
a type of a liver tumor with high accuracy.

[0185] The ultrasonic diagnostic apparatus displays the
positions of regions of interest in an image, 1.e., positions to
which the differential filter 72 is applied for calculation of the
feature value r of the ring pattern. Accordingly, the operator
can recognize validity of type decision.

Second Embodiment

[0186] According to the first embodiment discussed above,
the feature value calculating unit 106 searches for a region
where the derivative becomes the maximum. However, the
feature value calculating unit 106 in this embodiment
searches for a region where a luminance value becomes the
minimum.

[0187] FIG. 14 is a flowchart showing a feature value cal-
culating process according to this embodiment.
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[0188] As illustrated in FIG. 14, the feature value calculat-
ing unit 106 searches for a region where a luminance value
becomes the minimum within a tumor region (8311). More
specifically, the feature value calculating unit 106 scans a
search region 75 in the tumor region 70 to search for a region
where the luminance value becomes the minimum as illus-
trated in FIG. 5. The luminance value in this context refers to
an average of luminance values within the search region 75,
for example. The luminance value may be a center value or a
mode of the luminance values in the search region 75, for
example. The size of the search region 75 is approximately
equivalent to the size of the region corresponding to the
coefficient 74 at the center of the differential filter 72, for
example.

[0189] Then, the feature value calculating unit 106 calcu-
lates the luminance difference between the luminance value
of the region where the luminance value becomes the mini-
mum, and the luminance value of a region contained in the
tumor region 70 and corresponding to a portion other than the
region where the luminance value becomes the minimum,
and sets the calculated luminance difference to the feature
value r (S312).

[0190] As discussed above, the ultrasonic diagnostic appa-
ratus according to this embodiment searches for the region
where the luminance value becomes the minimum within the
tumor region. Accordingly, the ultrasonic diagnostic appara-
tus can appropriately calculate the degree of a ring pattern
even when the ring pattern is not present at the center of the
tumor region.

Third Embodiment

[0191] Discussed in this embodiment is a modified
example of the method for calculating the feature value r.
[0192] FIG. 16 is a flowchart showing a feature value cal-
culating process according to this embodiment.

[0193] Initially, the feature value calculating unit 106
projects a luminance value of the tumor region 70 in the
vertical direction and the horizontal direction as illustrated in
FIG. 17 (S321). Projecting a luminance value in the vertical
direction in this context refers to a process for calculating an
average of luminance values of a plurality of pixels contained
in pixel columns for each of the pixel columns in the tumor
region 70. Similarly, projecting a luminance value in the
horizontal direction in this context refers to a process for
calculating an average of luminance values of a plurality of
pixels contained in pixel rows for each of the pixel rows in the
tumor region 70. This process may be executed for each pixel,
or may be executed for each region containing a plurality of
pixels. Alternatively, a center value or an aspect may be used
in place of the average value.

[0194] Then, the feature value calculating unit 106 calcu-
lates the feature value r based on a projection value in the
vertical direction and a projection value in the horizontal
direction (S322). More specifically, the feature value calcu-
lating unit 106 obtains a degree of downward convexity for
each of the projection value in the vertical direction and the
projection value in the horizontal direction, and sets the
respective degrees of downward convexity as feature values.
For example, the feature value calculating unit 106 fits each of
the projection values to a function convex downward (such as
quadratic function). More specifically, the feature value cal-
culating unit 106 determines a quadratic function most fitted
to the projection values for each while varying coefficient
value of the quadratic function. Then, the feature value cal-
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culating unit 106 sets the coefficient value of the x-squared
term of the determined quadratic function to the feature value
r. In this case, the feature value r increases (the degree of the
ring shape increases) as the degree of the downward convex-
ity of the projection value increases.

[0195] As discussed above, the ultrasonic diagnostic appa-
ratus according to this embodiment decides the degree of the
ring pattern based on the projection values of the luminance
values in the tumor region. Accordingly, the ultrasonic diag-
nostic apparatus can appropriately calculate the degree of the
ring pattern even when the ring pattern is not present at the
center of the tumor region.

Fourth Embodiment

[0196] Discussed in this embodiment is a modified
example of the method for calculating the feature value r.
[0197] FIG. 18 is a flowchart showing a feature value cal-
culating process according to this embodiment.

[0198] Initially, the feature value calculating unit 106
divides the tumor region 70 into a plurality of small regions 91
as illustrated in FIG. 19 (S331). Each of the small regions 91
herein contains a plurality of pixels. Each of the small regions
91 may contain only one pixel. In other words, the following
process may be executed for each pixel without performing
this region dividing process.

[0199] Then, the feature value calculating unit 106 classi-
fies each of the small regions into a high-luminance region 92
or a low-luminance region 93 (S332). The high-luminance
region 92 in this context refers to a region having a luminance
value (such as average value, center value, and mode) lower
than each luminance value of the low-luminance region 93.
For example, discriminant analysis method or K-means
(K-means) may be adopted for this classification.

[0200] Then, the feature value calculating unit 106 calcu-
lates a variance Vh at the positions of the high-luminance
regions 92, and a variance V1 at the positions of the low-
luminance regions 93 (S333). More specifically, the variance
Vhis a value calculated by dividing the sum of squares of the
differences between the average coordinates (center coordi-
nates) at the positions of the plurality of high-luminance
regions 92 and the respective high-luminance regions 92 by
the total number of the high-luminance regions 92. Similarly,
the variance V1 is a value calculated by dividing the sum of
squares of the differences between the average coordinates
(center coordinates) at the positions of the plurality of low-
luminance regions 93 and the respective low-luminance
regions 93 by the total number of the low-luminance regions
93.

[0201] Then, the feature value calculating unit 106 sets the
difference between the variance Vh and the variance V1to the
ring level (feature value r) (S334). More specifically, the
feature value r is expressed as Vh-V1. In other words, the
feature value r (ring level) becomes a large value at the time of
asmall value of the variance V1 for the low-luminance regions
and a large value of the variance Vh for the high-luminance
regions 92.

[0202] As described above, the ultrasonic diagnostic appa-
ratus according to this embodiment decides the degree of the
ring pattern based on the variances of the high-luminance
regions and the low-luminance regions. Accordingly, the
degree of the ring pattern can be appropriately calculated
even when the ring pattern is not present at the center of the
tumor region.
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Fifth Embodiment

[0203] Discussed in this embodiment is a modified
example of the method for calculating the feature value r.
[0204] FIG. 20 is a flowchart showing a feature value cal-
culating process according to this embodiment.

[0205] Initially, the feature value calculating unit 106
divides the tumor region 70 into the plurality of small regions
91 as illustrated in FIG. 21 (S341). This process is similar to
the process in S331 shown in FIG. 18.

[0206] Then, the feature value calculating unit 106 creates
aTIC (Time Intensity Curve) for each of the small regions 91
(S342). Each of the TICs herein shows a change of the lumi-
nance value with time as illustrated in FIGS. 22A and 22B.
[0207] Then, the feature value calculating unit 106 classi-
fies each of the small regions 91 into a high-luminance region
94 or a low-luminance region 95 (S343) based on the change
amount of the TIC. The change amount in this context refers
to a difference between the maximum luminance value and
the minimum luminance value in the TIC. The feature value
calculating unit 106 classifies the target small region 91 into
the high-luminance region 94 when the change amount of the
region is larger than a predetermined threshold, and classifies
the target small region 91 into the low-luminance region 95
when the change amount of the region is smaller than the
predetermined threshold.

[0208] Then, the feature value calculating unit 106 calcu-
lates the variance Vh at the positions of the high-luminance
regions 94, and the variance V1 at the positions of the low-
luminance regions 95 (S344).

[0209] Then, the feature value calculating unit 106 sets the
difference between the variance Vh and the variance V1 to the
ring level (feature value r) (S345). More specifically, the
feature value r is expressed as Vh-V1. In other words, the
feature valuer (ring level) becomes a large value at the time of
a small value of the variance V1 for the low-luminance
regions and a large value of the variance Vh for the high-
luminance regions.

[0210] As described above, the ultrasonic diagnostic appa-
ratus according to this embodiment decides the degree of the
ring pattern based on the variances of the high-luminance
regions and the low-luminance regions. Accordingly, the
degree of the ring pattern can be appropriately calculated
even when the ring pattern is not present at the center of the
tumor region.

CONCLUSION

[0211] As described in the first embodiment and the second
embodiment, the ultrasonic diagnostic apparatus according to
an aspect of the present invention executes a process shown in
FIG. 23. Initially, the image forming unit 103 forms an ultra-
sonic image corresponding to echo signals received from a
specimen after administration of a contrast medium (S401).
[0212] Then, the region of interest setting unit 105 searches
for the first region of interest from the inside of a tumor region
containing a tumor in the ultrasonic image. The first region of
interest corresponds to a center portion having a lower lumi-
nance value in a ring shape than the luminance value of a
peripheral portion surrounding the central portion (S402).
[0213] More specifically, as discussed in the first embodi-
ment, the region of interest setting unit 105 searches for a first
region and a second region where the luminance difference
becomes the maximum. In more detail, the region of interest
setting unit 105 searches for a search region where the lumi-
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nance difference between the first region and the second
region becomes the maximum in a plurality of search regions
in a predetermined size contained in the tumor region and
located at different positions. Then, the region of interest
setting unit 105 sets the first region contained in the search
region exhibiting the maximum luminance difference to the
first region of interest. In this case, the first region is a range
determined beforehand in the search region (differential filter
72), and corresponds to the region of the coefficient 74 at the
center of the differential filter 72. On the other hand, the
second region is a range determined beforehand in the search
region and surrounding the first region, and corresponds to
the region of the coefficient 73 in the periphery of the differ-
ential filter 72.

[0214] The first region may be substantially circular, while
the second region may be a substantially circular region cen-
tered at the center of the first region and corresponding to a
portion other than the first region.

[0215] As discussed in the second embodiment, the region
of interest setting unit 105 may search for a region where the
luminance becomes the minimum. More specifically, the
region of interest setting unit 105 may search for a search
region exhibiting the minimum luminance in the plurality of
search regions in a predetermined size contained in the tumor
region and located at different positions, and sets the search
region exhibiting the minimum luminance to the first region
of interest.

[0216] Then, the feature value calculating unit 106 calcu-
lates the difference between the luminance of the first region
of interest and the luminance of the second region of interest
corresponding to a peripheral portion to designate the differ-
ence as a ring level (feature value r) indicating the degree of a
ring shape in the image of the tumor region (S403). In this
case, the second region of interest is a portion of the tumor
region other than the first region of interest. As discussed in
the first embodiment, the second region of interest may be
constituted by the second region when the search is conducted
based on the luminance difference between the first region
and the second region.

[0217] Then, the type deciding unit 107 decides the tumor
type based on the ring level (S404).

[0218] The foregoing search process (S402) may be
executed for each of the plurality ofultrasonic images, or may
be executed for only a part of the ultrasonic images. When the
search process is executed for only a part of the ultrasonic
images, the first region of interest searched in the search
process is applied to the other ultrasonic images. For
example, the image forming unit 103 forms ultrasonic images
for a plurality of time phases including an artery phase. The
region of interest setting unit 105 sets the first region of
interest in the ultrasonic image for the artery phase. The
feature value calculating unit 106 calculates a plurality ofring
levels for the plurality of time phases based on the set first
region of interest. The type deciding unit 107 decides the
tumor type based on the plurality of calculated ring levels.
[0219] Asdiscussed in the third embodiment, the ultrasonic
diagnostic apparatus according to an aspect of the present
invention executes a process shown in FIG. 24. Initially, the
image forming unit 103 forms an ultrasonic image corre-
sponding to echo signals received from a specimen after
administration of a contrast medium (S411).

[0220] Then, the feature value calculating unit 106 projects
a plurality of pixel luminance values contained in a tumor
region including a tumor in the ultrasonic image such that the
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pixel luminance values are projected in the horizontal direc-
tion and the vertical direction (S412). Then, the feature value
calculating unit 106 calculates a ring level (feature value r)
indicating the degree of a ring shape based on the degrees of
downward convexity exhibited in each of the projected
results, as such a ring shape where the luminance value in the
central portion becomes lower than the luminance value in the
peripheral portion in the image of the tumor region (S413).

[0221] Then, the type deciding unit 107 decides the tumor
type based on the ring level (S414).

[0222] As discussed in the fourth embodiment and the fifth
embodiment, the ultrasonic diagnostic apparatus according to
an aspect of the present invention executes a process shown in
FIG. 25. Initially, the image forming unit 103 forms an ultra-
sonic image corresponding to echo signals received from a
specimen after administration of a contrast medium (S421).

[0223] Then, the feature value calculating unit 106 classi-
fies each of a plurality of pixel regions contained in a tumor
region including a tumor in the ultrasonic image into a low-
luminance region, or a high-luminance region exhibiting
higher luminance than in the low-luminance region (5422).

[0224] More specifically, as discussed in the fourth
embodiment, the feature value calculating unit 106 classifies
each of the plurality of regions contained in the tumor region
into a low-luminance region when the luminance value of the
region (such as average value) is smaller than a predetermined
threshold, and classifies each of the regions into a high-lumi-
nance region when the luminance value of the region is larger
than the predetermined threshold.

[0225] Alternatively, as discussed in the fifth embodiment,
the feature value calculating unit 106 calculates a number
sequence (TIC), which indicates a time-series change of the
luminance value in the region, for each of the plurality of
regions contained in the tumor region. Then, the feature value
calculating unit 106 classifies each of the region into the
low-luminance region when the difference between the maxi-
mum luminance value and the minimum luminance value in
the number sequence is smaller than a predetermined thresh-
old, and classifies each of the region into the high-luminance
region when the difference between the maximum luminance
value and the minimum luminance value in the number
sequence is larger than the predetermined threshold.

[0226] The region in this context is a region containing at
least one pixel.
[0227] Then, the feature value calculating unit 106 calcu-

lates a ring level (feature value r), which level indicates the
degree of a ring shape where the luminance in the central
portion becomes lower than the luminance value in the
peripheral portion surrounding the central portion in the
image of the tumor region, as a level calculated based on the
difference between a variance at the position of the low-
luminance region (variance at the position of at least one
region classified into the low-luminance region) and a vari-
ance at the position of the high-luminance region (variance at
the position of at least one region classified into the high-
luminance region) (S423). More specifically, the feature
value calculating unit 106 sets the ring level to a second value
when the difference value obtained by subtracting the vari-
ance at the position of the low-luminance region from the
variance at the position of the high-luminance region is a first
value. On the other hand, the feature value calculating unit
106 sets the ring level to a fourth value larger than the second
value when the difference value is a third value larger than the
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first value. In other words, the feature value calculating unit
106 sets a larger ring level when the difference value is large.

[0228] Then, the type deciding unit 107 decides the tumor
type based on the ring level (S424).

[0229] The feature value calculating unit 106 may calculate
the difference (feature value ) between the luminance of the
tumor region and the luminance of a parenchyma region
contained in the ultrasonic image and not including the tumor,
and the type deciding unit 107 decides the tumor type based
on the difference between the luminance of the tumor region
and the luminance of the parenchyma region, and on the ring
level.

Other Modified Examples

[0230] While exemplary embodiments according to the
present invention have been described, it is obvious that the
present invention is not limited to these embodiments. The
following configurations are also included in the scope of the
present invention.

[0231] (1) Specifically, each of the apparatuses described
hereinabove is constituted by a computer system including a
microprocessor, a ROM, a RAM, a hard disk unit, a display
unit, a keyboard, a mouse and others. The RAM or the hard
disk unit stores a computer program. The functions of each
apparatus are performed in accordance with operation of the
microprocessor under the computer program. The computer
program in this context refers to a program constituted by a
combination of a plurality of instruction codes indicating
instructions issued to the computer to allow performance of
predetermined functions.

[0232] (2) Apartor the whole of the constituent elements of
each of the apparatuses may be constituted by a single system
LSI (Large Scale Integration). The system LSI is a super
multifunction LSI manufactured from a plurality of constitu-
ent units integrated on one chip. More specifically, the system
LSI is a computer system including a microprocessor, a
ROM. a RAM and others. The RAM stores a computer pro-
gram. The functions of the system LSI are performed in
accordance with operation of the microprocessor under the
computer program.

[0233] (3) A part orthe whole of the constituent elements of
each of the apparatuses may be constituted by an IC card or a
single module detachably attached to each of the apparatuses.
The IC card or the module is a computer system constituted
by a microprocessor,a ROM, a RAM and others. The IC card
or the module may include the foregoing super multifunction
LSI. The functions of the IC card or the module are performed
in accordance with operation of the microprocessor under a
computer program. The IC card or the module may have
tamper resistance.

[0234] (4) The present invention may be practiced as a
method for realizing the respective steps described herein. In
addition, the present invention may be practiced in the form of
a computer program executing these steps by the use of a
computer, or in the form of digital signals under the computer
program.

[0235] The present invention may be practiced in the form
of a recording medium recording the computer program or
the digital signals in a manner readable by a computer, such a
recording medium as a flexible disk, a hard disk, a CD-ROM,
an MO, a DVD, a DVD-ROM, a DVD-RAM, a BD (Blu-ray
(registered trademark) Disc), and a semiconductor memory.
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Inaddition, the present invention may be practiced in the form
of the digital signals recorded on any one of these recording
media.

[0236] The present invention may be practiced in the form
of the computer program or the digital signals transmitted via
an electric communication line, a wireless or wired commu-
nication line, a network including the Internet as a typical
example, data broadcasting or others.

[0237] The present invention may be practiced in the form
of a computer system including a microprocessor and a
memory. The memory stores the computer program, while the
microprocessor operates under the computer program.
[0238] The present invention may be practiced by another
independent computer system which receives the program or
the digital signals transferred in the form of the recording
medium recording the program or the digital signals, or trans-
ferred via the network.

[0239] (5) The respective embodiments and modified
examples may be combined.

[0240] The respective constituent elements included in the
respective embodiments may be constituted by dedicated
hardware, or realized by execution of software programs
appropriate for the respective constituent elements. The
respective constituent elements may be realized by a program
executing unit such as a CPU or a processor which reads and
executes a software program recorded in a recording medium
such as a hard disk and a semiconductor memory. In this case,
the software realizing the ultrasonic diagnostic apparatuses
and others according to the respective embodiments is the
following program.

[0241] The program is a program for causing a computer
executes an ultrasonic diagnostic method that decides a type
of a tumor contained in a specimen, and includes: an image
forming step that forms an ultrasonic image corresponding to
an echo signal received from the specimen after administra-
tion ofa contrast medium; a feature value calculating step that
classifies each of a plurality of pixel regions contained in a
tumor region including the tumor in the ultrasonic image into
a low-luminance region, or a high-luminance region having
higher luminance than the luminance of the low-luminance
region, and calculates, based on a difference between a vari-
ance at a position of the low-luminance region and a variance
at a position of the high-luminance region, a ring level indi-
cating a degree of a ring shape of an image of the tumor
region, the ring shape in which a luminance value of a central
portion is lower than a luminance value of a peripheral portion
surrounding the central portion; and a type deciding step that
decides the type of the tumor based on the ring level.

[0242] A program according to an aspect of the present
invention is a program for causing a computer to execute an
ultrasonic diagnostic method that decides a type of a tumor
contained in a specimen, and includes: an image forming step
that forms an ultrasonic image corresponding to an echo
signal received from the specimen after administration of a
contrast medium; a region of interest setting step that searches
for a first region of interest corresponding to a central portion
in a ring shape in a tumor region containing the tumor in the
ultrasonic image, the ring shape in which a luminance value
of the central portion is lower than a luminance value of a
peripheral portion surrounding the central portion; a feature
value calculating step that calculates a difference between
luminance of the first region of interest and luminance of a
second region of interest corresponding to the peripheral
portion to designate the difference as a ring level indicating a
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degree of the ring shape of an image of the tumor region; and
atype deciding step that decides the type of the tumor based
on the ring level.

[0243] A program according to an aspect of the present
invention is a program for causing a computer to execute an
ultrasonic diagnostic method that decides a type of a tumor
contained in a specimen, and includes: an image forming step
that forms an ultrasonic image corresponding to an echo
signal received from the specimen after administration of a
contrast medium; a feature value calculating step that projects
luminance values of a plurality of pixels contained in a tumor
region including the tumor in the ultrasonic image such that
the luminance values are projected in a horizontal direction
and a vertical direction, and calculates, based on degrees of
downward convexity exhibited in the projected results, a ring
level indicating a degree of a ring shape of an image of the
tumor region, the ring shape in which a luminance value of the
central portion is lower than a luminance value of a peripheral
portion surrounding the central portion, the ring level calcu-
lated; and a type deciding step that decides the type of the
tumor based on the ring level.

[0244] Thenumerals shown in the above description are all
presented only for describing specific examples of the present
invention, and not for limiting the scope of the present inven-
tion.

[0245] Division of function blocks illustrated in the block
diagrams is presented by way of example only. A single
function block may be provided in place of a plurality of
fanction blocks, or a single function block may be divided
into a plurality of blocks. Moreover, a part of functions of
certain function block or blocks may be shifted to different
function block or blocks. In addition, functions of a plurality
of fanction blocks having similar functions may be processed
in parallel or in a time-sharing manner by single hardware or
software.

[0246] The order of execution of a plurality of steps
included in the ultrasonic diagnostic method performed by
the ultrasonic diagnostic apparatus is presented only for
describing a specific example of the present invention, and
therefore may be an order different from the order described
herein. In addition, a part of the steps may be executed simul-
taneously (in parallel) with other steps.

[0247] While the ultrasonic diagnostic apparatus according
to one or a plurality of aspects of the present invention has
been described based on exemplary embodiments, the present
invention is not limited to these exemplary embodiments.
Modes containing various modifications which may be made
by those skilled in the art, and modes constituted by combi-
nations of constituent elements in different embodiments
may be included in the scope of one or a plurality of aspects
of the present invention without departing from the scope of
the present invention.

INDUSTRIAL APPLICABILITY

[0248] The present invention is applicable to an ultrasonic
diagnostic apparatus. The present invention is also applicable
to a tumor type deciding method and a tumor type deciding
method.

REFERENCE SIGNS LIST

[0249] 60 section of interest
[0250] 61 feature value
[0251] 70 tumor region
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[0252] 71 hypoechogenic region
[0253] 72 differential filter
[0254] 73 coeflicient of periphery
[0255] 74 coefficient of center
[0256] 75 search region
[0257] 80 predetermined pattern
[0258] 81 input pattern
[0259] 91 small region
[0260] 92, 94 high-luminance region
[0261] 93, 95 low-luminance region
[0262] 100 ultrasonic diagnostic apparatus
[0263] 101 ultrasonic probe
[0264] 102 ultrasonic wave transmitting and receiving unit
[0265] 103 image forming unit
[0266] 104 data storing unit
[0267] 105 region of interest setting unit
[0268] 106 feature value calculating unit
[0269] 107 type deciding unit
[0270] 108 display screen creating unit
[0271] 109 input value acquiring unit
[0272] 110 input device
[0273] 111 display device
[0274] G10, G20 display screen
[0275] (11 ultrasonic image
[0276] G12, G23A, G23B tumor region
[0277] G13, G24A, G24B parenchyma region
[0278] G21 contrast image
[0279] (22 tissue image
[0280] 25 feature value transition

1. An ultrasonic diagnostic apparatus that decides a type of
a tumor contained in a specimen, the apparatus comprising;
an image forming unit that forms an ultrasonic image cor-
responding to an echo signal received from the specimen
after administration of a contrast medium;

a feature value calculating unit that classifies each of a
plurality of pixel regions contained in a tumor region
including the tumor in the ultrasonic image into a low-
luminance region, or a high-luminance region having
higher luminance than the luminance of the low-lumi-
nance region, and calculates, based on a difference
between a variance at a position of the low-luminance
region anda variance ata position of the high-luminance
region, a ring level indicating a degree of a ring shape of
an image of the tumor region, the ring shape in which a
luminance value of a central portion 1s lower than a
luminance value of a peripheral portion surrounding the
central portion; and

atype deciding unit that decides the type of the tumorbased
on the ring level.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the feature value calculating unit sets the ring level
to a second value when a difference value obtained by sub-
tracting the variance at the position of the low-luminance
region from the variance at the position of the high-luminance
region is a first value, and sets the ring level to a fourth value
larger than the second value when the difference value is a
third value larger than the first value.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein the feature value calculating unit classifies each of
the regions into the low-luminance region when the lumi-
nance value of the region is smaller than a predetermined
threshold, and classifies each of the regions into the high-
luminance region when the luminance value of the region is
larger than the threshold.
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4. The ultrasonic diagnostic apparatus according to claim
1, wherein the feature value calculating unit calculates a
number sequence indicating a time-series change of the lumi-
nance value for each of the regions, classifies each of the
regions into the low-luminance region when a difference
between the maximum luminance value and the minimum
luminance value in the number sequence is smaller than a
predetermined threshold, and classifies each of the pixels into
the high-luminance region when the difference is larger than
the threshold.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein

the feature value calculating unit further calculates a dif-
ference between luminance ofa parenchyma region con-
tained in the ultrasonic image and not including the
tumor, and luminance of the tumor region, and

the type deciding unit decides the type of the tumor based
on the difference between the luminance of the paren-
chyma region and the luminance of the tumor region,
and on the ring level.

6. An ultrasonic diagnostic method that decides a type ofa

tumor contained in a specimen, the method comprising:

an image forming step that forms an ultrasonic image cor-
responding to an echo signal received from the specimen
after administration of a contrast medium;

a feature value calculating step that classifies each of a
plurality of pixel regions contained in a tumor region
including the tumor in the ultrasonic image into a low-
luminance region, or a high-luminance region having
higher luminance than the luminance of the low-lumi-
nance region, and calculates, based on a difference
between a variance at a position of the low-luminance
region and a variance at a position of the high-luminance
region, a ring level indicating a degree of a ring shape of
an image of the tumor region, the ring shape in which a
luminance value of a central portion is lower than a
luminance value of a peripheral portion surrounding the
central portion; and

a type deciding step that decides the type of the tumor
based on the ring level.

7. A program for causing a computer to execute the ultra-

sonic diagnostic method according to claim 6.
8. An ultrasonic diagnostic apparatus that decides a type of
a tumor contained in a specimen, the apparatus comprising:
an image forming unit that forms an ultrasonic image cor-
responding to an echo signal received from the specimen
after administration of a contrast medium;

a region of interest setting unit that searches for a first
region of interest corresponding to a central portion in a
ring shape in a tumor region containing the tumor in the
ultrasonic image, the ring shape in which a luminance
value of the central portion is lower than a luminance
value of a peripheral portion surrounding the central
portion;

a feature value calculating unit that calculates a difference
between luminance of the first region of interest and
luminance of a second region of interest corresponding
to the peripheral portion to designate the difference as a
ring level indicating a degree of the ring shape of an
image of the tumor region; and

atype deciding unit that decides the type of the tumor based
on the ring level.

9. The ultrasonic diagnostic apparatus according to claim

8, wherein



US 2015/0297172 Al

in a plurality of search regions in a predetermined size
contained in the tumor region and located at different
positions, the region of interest setting unit searches for
the search region where a luminance difference between
a first region in a range determined beforehand in the
search regions and a second region in arange determined
beforehand and surrounding the first region becomes the
maximum, and

the region of interest setting unit sets the first region con-
tained in the search region where the luminance differ-
ence becomes the maximum as the first region of inter-
est,

10. The ultrasonic diagnostic apparatus according to claim

9, wherein, for the region of interest setting unit, the first
region is substantially circular, and the second region is a
substantially circular region centered at the center of the first
region and corresponding to a portion other than the first
region.

11. The ultrasonic diagnostic apparatus according to claim

8, wherein

the image forming unit forms ultrasonic images in a plu-
rality of time phases including an artery phase,

the region of interest setting unit sets the first region of
interest in the ultrasonic image in the artery phase,

the feature value calculating unit calculates the plurality of
ring levels in the plurality of time phases based on the set
first region of interest, and

the type deciding unit decides the type of the tumor based
on the plurality of calculated ring levels.

12. The ultrasonic diagnostic apparatus according to claim

8, wherein, in a plurality of search regions in a predetermined
size contained in the tumor region and located at different
positions, the region of interest setting unit searches for the
search region exhibiting the minimum luminance, and sets
the search region exhibiting the minimum Iuminance as the
first region of interest.

13. An ultrasonic diagnostic method that decides a type of

a tumor contained in a specimen, the method comprising:
an image forming step that forms an ultrasonic image cor-
responding to an echo signal received from the specimen
after administration of a contrast medium;

a region of interest setting step that searches for a first
region of interest corresponding to a central portion in a
ring shape in a tumor region containing the tumor in the
ultrasonic image, the ring shape in which a luminance
value of the central portion is lower than a luminance
value of a peripheral portion surrounding the central
portion;
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a feature value calculating step that calculates a difference
between luminance of the first region of interest and
luminance of a second region of interest corresponding
to the peripheral portion to designate the difference as a
ring level indicating a degree of the ring shape of an
image of the tumor region; and

a type deciding step that decides the type of the tumor
based on the ring level.

14. A program for causing a computer to execute the ultra-

sonic diagnostic method according to claim 13.
15. An ultrasonic diagnostic apparatus that decides a type
of atumor contained in a specimen, the apparatus comprising:
an image forming unit that forms an ultrasonic image cor-
responding to an echo signal received from the specimen

after administration of a contrast medium;

a feature value calculating unit that projects luminance
values of a plurality of pixels contained in a tumor region
including the tumor in the ultrasonic image such that the
luminance values are projected in a horizontal direction
and a vertical direction, and calculates, based on degrees
of downward convexity exhibited in the projected
results, a ring level indicating a degree of aring shape of
an image of the tumor region, the ring shape in which a
luminance value of the central portion is lower than a
luminance value of a peripheral portion surrounding the
central portion, the ring level calculated; and

atype deciding unit that decides the type of the tumor based
on the ring level.

16. An ultrasonic diagnostic method that decides a type of

a tumor contained in a specimen, the method comprising:
an image forming step that forms an ultrasonic image cor-
responding to an echo signal received from the specimen
after administration of a contrast medium;

a feature value calculating step that projects luminance
values of a plurality of pixels contained in a tumor region
including the tumor in the ultrasonic image such that the
luminance values are projected in a horizontal direction
and a vertical direction, and calculates, based on degrees
of downward convexity exhibited in the projected
results, a ring level indicating a degree of aring shape of
an image of the tumor region, the ring shape in which a
luminance value of the central portion is lower than a
luminance value of a peripheral portion surrounding the
central portion, the ring level calculated; and

a type deciding step that decides the type of the tumor
based on the ring level.

17. A program for causing a computer to execute the ultra-

sonic diagnostic method according to claim 16.
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