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ULTRASONIC OBSERVATION APPARATUS,
OPERATION METHOD OF THE SAME, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2011/076602 filed on Nov.
11, 2011 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Applications No. 2010-253285, filed on
Nov. 11, 2010, incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic obser-
vation apparatus for observing a specimen tissue by use of
ultrasonic wave, an operation method of the ultrasonic obser-
vation apparatus, and a computer readable recording
medium.

[0004] 2. Description of the Related Art

[0005] There has conventionally been known an ultrasonic
elastography as an examination technology of breast cancer
by use of ultrasonic wave (e.g., see WO 2005/122906 A). The
ultrasonic elastography is a technique of utilizing a phenom-
enon that a hardness of a cancer or a tumor tissue in a living
body is different depending on a disease progression or on the
living body. In this technique, a distorted amount or elasticity
of'abody tissue in an examination region is measured by use
of ultrasonic wave with the examination region being exter-
nally pressed, and the result of the measurement is displayed
as a tomographic view.

SUMMARY OF THE INVENTION

[0006] An ultrasonic observation apparatus according to
the present invention transmits an ultrasonic wave to a speci-
men, and receives the ultrasonic wave reflected on the speci-
men, the apparatus including: a frequency analyzing unit
configured to calculate a frequency spectrum by analyzing a
frequency of the received ultrasonic wave; a feature data
extracting unit configured to extract feature data of the fre-
quency spectrum by performing an approximation to the fre-
quency spectrum calculated by the frequency analyzing unit;
a storage unit configured to store feature data of a frequency
spectrum extracted based upon the ultrasonic wave reflected
respectively from plural known specimens, and to store the
plural known specimens as being classified into plural groups
based upon information of each of the known specimens; a
degree-of-association calculating unit configured to calculate
a degree of association between the feature data extracted by
the feature data extracting unit and each group by using a
statistics of a population including at least the feature data of
each group stored in the storage unit; an image processing
unit configured to allow the degree of association of the
specimen to each group to correspond to different color com-
ponents, and to generate ultrasonic image data by using a
parameter formed by combining the different color compo-
nents, based upon the calculation result of the degree-of-
association calculating unit; and a display unit configured to
be capable of displaying the image corresponding to the ultra-
sonic image data generated by the image processing unit.
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[0007] An operation method according to the present
invention of an ultrasonic observation apparatus that trans-
mits an ultrasonic wave to a specimen, and receives the ultra-
sonic wave reflected on the specimen, includes: calculating a
frequency spectrum by analyzing a frequency of the received
ultrasonic wave by a frequency analyzing unit; extracting
feature data of the frequency spectrum by performing an
approximation to the frequency spectrum by a feature data
extracting unit; reading a feature data of each group from a
storage unit that stores feature data of a frequency spectrum
extracted based upon the ultrasonic wave reflected respec-
tively from plural known specimens, and that stores the plural
known specimens as being classified into plural groups based
upon information of each of the known specimens, and cal-
culating a degree of association between the feature data
extracted by the feature data extracting unit and each group by
using a statistics of a population including at least the feature
data of each group; allowing the degree of association of the
specimen to each group to correspond to different color com-
ponents, and generating ultrasonic image data by using a
parameter formed by combining the different color compo-
nents, based upon the calculation result of the degree of
association; and displaying the image corresponding to the
ultrasonic image data on a display unit.

[0008] A non-transitory computer readable recording
medium according to the present invention has an executable
program recorded thereon, wherein the program instructs a
processor to perform: calculating a frequency spectrum by
analyzing a frequency of a received ultrasonic wave by a
frequency analyzing unit; extracting feature data of the fre-
quency spectrum by performing an approximation to the fre-
quency spectrum by a feature data extracting unit; reading
feature data of each group from a storage unit that stores
feature data of a frequency spectrum extracted based upon the
ultrasonic wave reflected respectively from plural known
specimens, and that stores the plural known specimens as
being classified into plural groups based upon information of
each of the known specimens, and calculating a degree of
association between the feature data extracted by the feature
data extracting unit and each group by using a statistics of a
population including at least the feature data of each group;
allowing the degree of association of the specimen to each
group to correspond to different color components, and gen-
erate ultrasonic image data by using a parameter formed by
combining the different color components, based upon the
calculation result of the degree of association; and displaying
the image corresponding to the ultrasonic image data on a
display unit.

[0009] The above and other features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0011] FIG.1isablock diagram illustrating a configuration
of an ultrasonic observation apparatus according to a first
embodiment of the present invention;
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[0012] FIG. 2 is a flowchart illustrating an outline of a
process of the ultrasonic observation apparatus according to
the first embodiment of the present invention;

[0013] FIG. 3 is a view illustrating a display example of a
B-mode image on a display unit of the ultrasonic observation
apparatus according to the first embodiment of the present
invention;

[0014] FIG. 4 is a flowchart illustrating an outline of a
process executed by a frequency analyzing unit in the ultra-
sonic observation apparatus according to the first embodi-
ment of the present invention;

[0015] FIG. 5 is a view schematically illustrating a data
array of one sound ray;

[0016] FIG. 6 is a view illustrating an example (first
example) of a frequency spectrum calculated by the fre-
quency analyzing unit in the ultrasonic observation apparatus
according to the first embodiment of the present invention;
[0017] FIG. 7 is a view illustrating an example (second
example) of a frequency spectrum calculated by the fre-
quency analyzing unit in the ultrasonic observation apparatus
according to the first embodiment of the present invention;
[0018] FIG. 8 is a view illustrating a new straight line
determined by a feature data after an attenuation correction is
performed to the feature data related to the straight line illus-
trated in FIG. 6;

[0019] FIG. 9 is a flowchart illustrating an outline of a
process executed by a degree-of-association calculating unit
in the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0020] FIG.10is a view illustrating an example of a feature
data space set by the degree-of-association calculating unit in
the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0021] FIG. 11isa view illustrating an example of a way of
assigning a color component to each pixel in calculation
result display image data;

[0022] FIG. 12 is a view illustrating another example of a
way of assigning a color component to each pixel in calcula-
tion result display image data;

[0023] FIG. 13 is a view illustrating a display example of a
calculation result display image displayed on the display unit
in the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0024] FIG. 14 is a view schematically illustrating the
image illustrated in FIG. 13 in black and white;

[0025] FIG. 15 is a view describing an effect of the attenu-
ation correction process executed by the ultrasonic observa-
tion apparatus according to the first embodiment of the
present invention;

[0026] FIG. 16 is a flowchart illustrating an outline of a
process of an ultrasonic observation apparatus according to a
second embodiment of the present invention;

[0027] FIG. 17 is a view schematically illustrating an out-
line of an attenuation correction process executed by the
ultrasonic observation apparatus according to the second
embodiment of the present invention;

[0028] FIG. 18 is a view describing a feature data space set
by a degree-of-association calculating unit in an ultrasonic
observation apparatus according to a third embodiment of the
present invention, and a standard deviation of a feature point
in the feature data space; and

[0029] FIG. 19 is a view illustrating a relationship between
an absolute value of a difference in the standard deviation in
the feature data space and a magnitude of a red component.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] Embodiments for carrying out the present invention
(hereinafter referred to as “embodiments”) will be described
below with reference to the attached drawings.

First Embodiment

[0031] FIG.1isablock diagram illustrating a configuration
of an ultrasonic observation apparatus according to a first
embodiment of the present invention. The ultrasonic obser-
vation apparatus illustrated in FIG. 1 is an apparatus for
observing a specimen by use of ultrasonic wave.

[0032] An ultrasonic observation apparatus 1 includes an
ultrasonic probe 2 that outputs an ultrasonic pulse to the
outside, and that receives an externally reflected ultrasonic
echo, a transmission/reception unit 3 that transmits and
receives an electric signal to and from the ultrasonic probe 2,
a computation unit 4 that performs predetermined computa-
tion to an electric echo signal obtained by converting the
ultrasonic echo, an image processing unit 5 that generates
image data corresponding to the electric echo signal obtained
by converting the ultrasonic echo, an input unit 6 that is
realized by using an interface such as a keyboard, a mouse, or
a touch panel for accepting an input of various information, a
display unit 7 that is realized by using a display panel such as
a liquid crystal panel or an organic EL panel, and that can
display various information including the image generated by
the image processing unit 5, a storage unit 8 that stores infor-
mation involved with plural known specimens, and that stores
the plural known specimens classified into plural groups, and
a control unit 9 that controls the operation of the ultrasonic
observation apparatus 1.

[0033] The ultrasonic probe 2 includes a signal conversion
unit 21 that converts the electric pulse signal received by the
transmission/reception unit 3 into an ultrasonic pulse (acous-
tic pulse signal), and that converts the ultrasonic echo
reflected on an external specimen into an electric echo signal.
The ultrasonic probe 2 may be the one that allows an ultra-
sonic vibrator to mechanically scan, or the one that allows
plural ultrasonic vibrators to electronically scan.

[0034] The transmission/reception unit 3 is electrically
connected to the ultrasonic probe 2, transmits the pulse signal
to the ultrasonic probe 2, and receives an echo signal, which
is a reception signal, from the ultrasonic probe 2. Specifically,
the transmission/reception unit 3 generates a pulse signal
based upon a waveform and transmission timing, set before-
hand, and transmits the generated pulse signal to the ultra-
sonic probe 2.

[0035] The transmission/reception unit 3 is electrically
connected to the ultrasonic probe 2, transmits the pulse signal
to the ultrasonic probe 2, and receives an echo signal from the
ultrasonic probe 2. Specifically, the transmission/reception
unit 3 generates a pulse signal based upon a waveform and
transmission timing, set beforehand, and transmits the gen-
erated pulse signal to the ultrasonic probe 2. The transmis-
sion/reception unit 3 performs a process such as an amplifi-
cation or filtering to the received echo signal, and then,
generates a digital RF signal through an A/D conversion.
Then, it outputs the digital RF signal. When the ultrasonic
probe 2 is configured to electronically scan plural ultrasonic
vibrators, the transmission/reception unit 3 has a multichan-
nel circuit for synthesizing beams corresponding to the plural
ultrasonic vibrators.
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[0036] The computation unit 4 includes a frequency ana-
lyzing unit 41 that performs fast Fourier transform (FFT) to
the digital RF signal outputted from the transmission/recep-
tion unit 3 so as to analyze a frequency of the echo signal, a
feature data extracting unit 42 that performs an attenuation
correction process for reducing a contribution of an attenua-
tion generated according to the reception depth and the fre-
quency of the ultrasonic wave, and an approximation process
to the frequency spectrum (power spectrum) calculated by the
frequency analyzing unit 41 during the propagation of the
ultrasonic wave, in order to extract a feature data of a speci-
men, and a degree-of-association calculating unit 43 that
calculates a degree of association between the feature data
extracted by the feature data extracting unit 42 and each of the
plural groups stored in the storage unit 8.

[0037] The frequency analyzing unit 41 calculates the fre-
quency spectrum of each sound ray (line data) by performing
the fast Fourier transform to a FFT data group including
predetermined amount of data. The frequency spectrum indi-
cates a different tendency depending upon a tissue character-
ization of the specimen. This is because the frequency spec-
trum has a correlation with the size of the specimen serving as
a scattering substance scattering the ultrasonic wave, a den-
sity, and an acoustic impedance.

[0038] The feature data extracting unit 42 includes an
approximation unit 421 that calculates a pre-correction fea-
ture data, which is an amount before the execution of the
attenuation correction process, by performing the approxima-
tion process to the frequency spectrum calculated by the
frequency analyzing unit 41, and an attenuation correction
unit 422 that extracts the feature data by performing the
attenuation correction process to the pre-correction feature
data approximated by the approximation unit 421.

[0039] The approximation unit 421 approximates the fre-
quency spectrum with a primary expression according to a
regression analysis, thereby extracting the pre-correction fea-
ture data characterizing the approximated primary expres-
sion. Specifically, the approximation unit 421 calculates a
slope a, and an intercept b, of the primary expression accord-
ing to the regression analysis, and calculates the intensity of a
specific frequency within a frequency band of the frequency
spectrum as the pre-correction feature data. In the first
embodiment, the approximation unit 421 is supposed to cal-
culate an intensity (Mid-band fit) c,=a,f,,»+b, at a center
frequency f,,,=(t; on+{rcr)/2. However, this is only one
example. The “intensity” here means any one of parameters
including a voltage, power, sound pressure, and acoustic
energy.

[0040] Among the three feature data, the slope a, has a
correlation with the size of the scattering body of the ultra-
sonic wave, and it is generally considered that the slope has a
smaller value, as the size of the scattering body is large. The
intercept b, has a correlation with the size of the scattering
body, the difference in the acoustic impedance, and the den-
sity (concentration) of the scattering body. Specifically, it is
considered that the intercept b, has a larger value, as the size
of the scattering body is large, as the acoustic impedance is
large, and as the density (concentration) of the scattering
body is large. The intensity at the center frequency f,,,
(hereinafter merely referred to as “intensity”) c, is an indirect
parameter derived from the slope a, and the intercept b, and
it gives a spectrum intensity at the center in the effective
frequency band. Therefore, it is considered that the intensity
¢, has not only a correlation with the size of the scattering
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body, the difference in the acoustic impedance, and the den-
sity of the scattering body, but also a correlation with the
brightness of the B-mode image to a certain extent. The
approximate polynomial calculated by the feature data
extracting unit 42 is not limited to the primary expression, but
a second-order or higher-order approximate polynomial may
be used.

[0041] The correction executed by the attenuation correc-
tion unit 422 will be described. An attenuation amount A of
the ultrasonic wave can be expressed as:

A=2azf @

Here, o is an attenuation rate, z is a reception depth of the
ultrasonic wave, and f'is a frequency. As is apparent from the
equation (1), the attenuation amount A is in proportion to the
frequency f. The specific value of the attenuation rate a for a
living body is 0 to 1.0 (dB/cm/MHz), and more preferably 0.3
to 0.7 (dB/cm/MHz). The attenuation rate is determined
according to a type of an organ to be observed. For example,
when the organ to be observed is pancreas, it is determined
that a=0.6 (dB/cm/MHz). It can be configured in the first
embodiment that the value of the attenuation rate a can be
changed by the input from the input unit 6.

[0042] The attenuation correction unit 422 corrects the pre-
correction feature data (slope a,, intercept b, intensity c,)
extracted by the approximation unit 421 as described below.

a=agt+20z 2)
b=b, 3)
c=ct20zfap(=afaup+b) “)

As is apparent from the equations (2) and (4), the attenuation
correction unit 422 makes a correction with a large correction
amount, as the reception depth z of the ultrasonic wave is
larger. According to the equation (3), the correction involved
with the intercept is an identical transformation. This is
because the intercept is not subject to the attenuation, since
the intercept is the frequency component corresponding to the
frequency 0 (Hz).

[0043] Thedegree-of-association calculating unit 43 calcu-
lates the degree of association between the feature data
extracted by the feature data extracting unit 42 and each of the
groups by using a statistic of a population including at least
the feature data of the respective groups stored in the storage
unit 8. More specifically, the degree-of-association calculat-
ing unit 43 sets a feature data space, which has at least any one
ofthe plural feature data extracted by the feature data extract-
ing unit 42 as a component, and calculated, as the degree of
association, the distance on the feature data space between a
specimen point having the feature data, serving as the com-
ponent in the set feature data space, out of the feature data of
the frequency spectrum of the specimen as a coordinate in the
feature data space, and a known specimen average point hav-
ing an average of the feature data serving as the component in
the feature data space out of the feature data of the plural
groups of the known specimens as the coordinate of the
feature data space.

[0044] The average and standard deviation of the feature
data of the frequency spectrum of the ultrasonic reception
signal reflects a change in a cell level such as an enlarged
nucleus, and heteromorphy of nucleus in a specimen, or a
change in a tissue such as increased fibra in interstitium, or
replacement of a parenchymal tissue into a fiber, and it indi-
cates a unique value according to the tissue characterization.
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The “tissue characterization” here means any one of a cancer,
endocrine tumor, mucinous tumor, normal tissue, and vessel
channel. When the specimen is a pancreas, the tissue charac-
terization includes chronic pancreatitis, and autoimmune
pancreatitis. In view of the above circumstance, the groups
stored in the storage unit 8 are desirably determined accord-
ing to the type of the tissue characterization. Therefore, it is
supposed in the description below that the groups stored in the
storage unit 8 are determined according to the type of the
tissue characterization.

[0045] The image processing unit 5 includes a B-mode
image data generating unit 51 that generates B-mode image
data from the echo signal, and a calculation result display
image data generating unit 52 that generates calculation result
display image data that is ultrasonic image data for displaying
the calculation result of the degree of association by using the
calculation result of the degree of association calculated by
the degree-of-association calculating unit 43 and the B-mode
image data generated by the B-mode image data generating
unit 51.

[0046] The B-mode image data generating unit 51 per-
forms, to the digital signal, a signal processing using a known
technique such as a bandpass filter, logarithmic conversion,
gain process or contrast process, and generates the B-mode
image data by decimating the data according to a data step
width determined by a display range of the image on the
display unit 7.

[0047] Thecalculation result display image data generating
unit 52 generates the calculation result display image data by
using the B-mode image data generated by the B-mode image
data generating unit 51, the feature data extracted by the
feature data extracting unit 42, and the result calculated by the
degree-of-association calculating unit 43.

[0048] The storage unit 8 includes a known specimen infor-
mation storage unit 81 that stores information of the known
specimen, a window function storage unit 82 that stores a
window function used for the frequency analyzing process
executed by the frequency analyzing unit 41, and a correction
information storage unit 83 that stores correction information
referred to during the execution of the process by the attenu-
ation correction unit 422.

[0049] The known specimen information storage unit 81
stores the feature data of the frequency spectrum extracted
from the known specimen in association with the tissue char-
acterization of the known specimen. The known specimen
information storage unit 81 also stores the average and stan-
dard deviation of the feature data of the frequency spectrum
involved with the known specimen together with all data of
the feature data of the known specimen, wherein the average
and the standard deviation is calculated for each of the groups
classified based upon the information including the tissue
characterization of the known specimen. The feature data of
the known specimen is extracted in the same manner as in the
first embodiment. It is to be noted that the process of extract-
ing the feature data of the known specimen is not necessarily
executed by the ultrasonic observation apparatus 1. Itis desir-
able that the information of the known specimen stored in the
known specimen information storage unit 81 has high reli-
ability for the tissue characterization. The window function
storage unit 82 stores at least any one of window functions of
Hamming, Hanning, and Blackman. The correction informa-
tion storage unit 83 stores information involved with the
transformation of the equations (2) to (4).
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[0050] The storage unit 8 is realized by ROM that prelimi-
narily stores an operating program of the ultrasonic observa-
tion apparatus according to the first embodiment or a program
of starting a predetermined OS, and RAM that stores opera-
tion parameters or data for each process.

[0051] The components, other than the ultrasonic probe 2,
of the ultrasonic observation apparatus 1 thus configured are
realized by using a computer provided with a CPU having a
computation and control functions. The CPU provided to the
ultrasonic observation apparatus 1 reads the information
memorized and stored in the storage unit 8 and various pro-
grams including the operating program of the ultrasonic
observation apparatus from the storage unit 8, thereby execut-
ing the computation process involved with the operation
method of the ultrasonic observation apparatus according to
the first embodiment.

[0052] Theoperating program of the ultrasonic observation
apparatus according to the first embodiment can be recorded
on a computer-readable recording medium, such as hard disk,
flash memory, CD-ROM, DVD-ROM, or flexible disk,
[0053] FIG. 2 is a flowchart illustrating an outline of a
process of the ultrasonic observation apparatus 1 having the
above-mentioned configuration. In FIG. 2, the ultrasonic
observation apparatus 1 firstly measures a new specimen by
the ultrasonic probe 2 (step S1).

[0054] Then, the B-mode image data generating unit 51
generates the B-mode image data by using the echo signal for
the B-mode image outputted from the transmission/reception
unit 3 (step S2).

[0055] Next, the control unit 9 makes control to display the
B-mode image corresponding to the B-mode image data gen-
erated by the B-mode image data generating unit 51 onto the
display unit 7 (step S3). FIG. 3 is a view illustrating a display
example of the B-mode image on the display unit 7. The
B-mode image 100 in FIG. 3 is a grayscale image in which
values of R (red), G (green), and B (blue), which are variables
when an RGB color system is employed as a color space, are
matched to one another.

[0056] Then, the frequency analyzing unit 41 calculates the
frequency spectrum by performing the frequency analysis
according to the FFT calculation (step S4). The process (step
S4) executed by the frequency analyzing unit 41 will be
described in detail with reference to FIG. 4. Firstly, the fre-
quency analyzing unit 41 sets a sound ray number L of a
sound ray that is a subject to be analyzed to an initial value L,
(step S21). The initial value L, may be applied to a sound ray
that the transmission/reception unit 3 receives first, or may be
applied to a sound ray corresponding to one of boundary
positions on the left and on the right of a region of interest set
by the input unit 6.

[0057] Next, the frequency analyzing unit 41 calculates all
frequency spectrums on plural data positions set on one sound
ray. Firstly, the frequency analyzing unit 41 sets an initial
value Z, on a data position Z (corresponding to the reception
depth) representative of a series of data group (FFT data
group) acquired for the FFT calculation (step S22). FIG. 5 is
aview schematically illustrating a data array of one sound ray.
On the sound ray LD illustrated in FIG. 5, a white rectangle or
a black rectangle indicates one data. The sound ray LD is
discretized with a time interval corresponding to the sampling
frequency (e.g., 50 MHz) in the A/D conversion executed by
the transmission/reception unit 3. In FIG. 5, the first data on
the sound ray LD is set as the initial value Z, on the data
position Z. FIG. 5 illustrates only one example, and any
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position can be set as the position of the initial value Z,. For
example, the data position Z corresponding to the upper end
of the region of interest may be set as the initial value Z,.
[0058] Then, the frequency analyzing unit 41 acquires the
FFT data group on the data position Z (step S23), and allows
the window function stored in the window function storage
unit 82 to work on the acquired FFT data group (step S24).
Allowing the window function to work on the FFT data group
as described above avoids that the FFT data group becomes
discontinuity on the boundary, and can prevent the occur-
rence of artifacts.

[0059] Next, the frequency analyzing unit 41 determines
whether the FFT data group on the data position Z is a normal
data group or not (step S25). The FFT data group has to have
a power-of-2 data number. The data number of the FFT data
group is supposed to be 2” (n is a positive integer) hereinafter.
The case where the FFT data group is normal means that the
data position Z is on the 2"*-th position from the head of the
FFT data group. In other words, the case where the FFT data
group is normal means that there are 2”-'~1 (=N) data before
the data position Z, and there are 2”-* (=M) data after the data
position Z. InFIG. 5, the FFT data groups F,, F5, and F ., are
normal, but the FFT data groups F, and F are abnormal. In
FIG. 5, it is set such that n=4 (N=7, M=8).

[0060] When the FFT data group on the data position Z is
normal as a result of the determination in step S25 (step S25:
Yes), the frequency analyzing unit 41 moves to a later-de-
scribed step S27.

[0061] When the FFT data group on the data position Z is
abnormal as a result of the determination in step S25 (step
S25: No), the frequency analyzing unit 41 inserts zero data by
a deficiency to generate the normal FFT data group (step
S26). The window function is worked on the FFT data group
that is determined to be abnormal in step S25 before the zero
data is added. Therefore, even if the zero data is inserted to the
FFT data group, a data discontinuity does not occur. The
frequency analyzing unit 41 moves to the later-described step
S27 after step S26.

[0062] In step S27, the frequency analyzing unit 41
acquires the frequency spectrum by performing the FFT cal-
culation by use of the FFT data group (step S27). FIGS. 6 and
7 are views illustrating the frequency spectrum calculated by
the frequency analyzing unit41. In FIGS. 6 and 7, an abscissa
axis findicates a frequency, and an ordinate axis I indicates an
intensity. In frequency spectrum curves C, and C, illustrated
in FIGS. 6 and 7 respectively, the lower-limit frequency {; ;-
and the upper-limit frequency f;;,; of the frequency spec-
trum are parameters determined based upon the frequency
band of the ultrasonic probe 2 and the frequency band of the
pulse signal transmitted by the transmission/reception unit 3.
For example, they are set such that f;,,~3 MHz, and
{76710 MHz. A straight line L, illustrated in FIG. 6 and a
straight line L, illustrated in FIG. 7 will be described for the
later-described feature data extracting process. In the first
embodiment, the curve and the straight line are composed of
a set of discrete points. This is applied to the later-described
embodiments.

[0063] Next, the frequency analyzing unit 41 adds a prede-
termined data step width D to the data position Z to calculate
the data position Z of the FFT data group that is the next
subject to be analyzed (step S28). The data step width D
desirably agrees with the data step width utilized for gener-
ating the B-mode image data by the B-mode image data
generating unit 51. However, if the computation amount of
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the frequency analyzing unit 41 is intended to be reduced, the
data step width larger than the data step width utilized by the
B-mode image data generating unit 51 may be set. FIG. 5
illustrates the case where D=15.

[0064] Then, the frequency analyzing unit 41 determines
whether the data position Z is larger than a final data position
Z,,,.. or not (step S29). The final data position Z,, .. may be a
data length of the sound ray LD, or may be the data position
corresponding to the lower end of the region of interest. When
the data position Z is larger than the final data position Z,,, .. as
a result of the determination (step S29: Yes), the frequency
analyzing unit 41 increments the sound ray number L by 1
(step S30). On the other hand, when the data position Z is not
more than the final data position Z,, . (step S29: No), the
frequency analyzing unit 41 returns to step S23. In this way,
the frequency analyzing unit 41 performs the FFT calculation
to the [{(Z,,x—Z0)/D}+1] (=K) FFT data groups with respect
to one sound ray LD. Here, [X] indicates the maximum inte-
ger not exceeding X.

[0065] When the sound ray number L to which 1 is added in
step S30 is larger than a final sound ray number L, ,,. (step
S31: Yes), the frequency analyzing unit 41 returns to the main
routine illustrated in FIG. 2. On the other hand, when the
sound ray number L to which 1 is added in step S30 is not
more than the final sound ray number L, .. (step S31: No), the
frequency analyzing unit 41 returns to step S22.

[0066] In this way, the frequency analyzing unit 41
executes the FFT calculation K times to each of (L,,,,.—Lo+1)
sound rays. The final sound ray number L, .. may be applied
to the final sound ray received by the transmission/reception
unit 3, or may be applied to the sound ray corresponding to
one of left and right boundaries of the region of interest, for
example. The total number (L, .-L,+1)xK of the FFT cal-
culation executed to all sound rays by the frequency analyz-
ing unit 41 is set as P below.

[0067] Subsequent to the frequency analyzing process in
step S4 described above, the approximation unit 421 extracts
the pre-correction feature data by performing the regression
analysis to P frequency spectrums calculated by the fre-
quency analyzing unit 41 as the approximation process (step
S5). Specifically, the approximation unit 421 calculates the
primary expression, which approximates the frequency spec-
trum in the frequency band (f,,, <f<f;,;.), according to the
regression analysis, thereby extracting the slope a,, the inter-
cept by, and the intensity ¢, characterizing the primary
expression as the pre-correction feature data. The straight line
L, in FIG. 6 and the straight line L, in FIG. 7 are regression
lines obtained by performing the regression analysis to the
frequency spectrum curves C, and C, respectively in step S5.
[0068] Thereafter, the attenuation correction unit 422 per-
forms the attenuation correction process to the pre-correction
feature data extracted by the approximation unit 421 (step
S6). For example, when the sampling frequency of the data is
50 MHz, the time interval of the data sampling is 20 (nsec). If
the sound speed is supposed to be 1530 (m/sec), the sampling
distance interval of the data becomes 1530 (m/sec)x20 (nsec)/
2=0.0153 k (mm). If the data step number from the first data
of'the sound ray LD to the data position of the FFT data group
that is the subject for the process is k, the data position Z
becomes 0.0153 k (mm). The attenuation correction unit 422
calculates the slope a, the intercept b, and the intensity c,
which are the feature data of the frequency spectrum, by
substituting the data position Z obtained in this way into the
reception depth z in the above-mentioned equations (2) to (4).
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FIG. 8 is a view illustrating a straight line determined by the
feature data obtained by performing the attenuation process
to the feature data involved with the straight line L, illustrated
in FIG. 6. The equation representing the straight line L'
illustrated in FIG. 8 is:

I=af+b=(ay+202)f+b, (5)

As is apparent from the equation (5), the straight line L," has
a slope larger than that of the straight line L, and an intercept
equal to the intercept of the straight line L.

[0069] Thereafter, the degree-of-association calculating
unit 43 calculates the degree of association between the speci-
men and the groups of the known specimens stored in the
storage unit 8 based upon the feature data extracted by the
feature data extracting unit 42 and the known specimen infor-
mation stored in the known specimen information storage
unit 81 (step S7).

[0070] The process (step S7) executed by the degree-of-
association calculating unit 43 will be described in detail with
reference to the flowchart in FIG. 9. Firstly, the degree-of-
association calculating unit 43 sets the feature data space used
for calculating the degree of association (step S41). In the first
embodiment, the independent parameters are two out of the
three feature data that are the slope a, the intercept b, and the
intensity c¢. Therefore, a two-dimensional space having any
two of the three feature data as components can be set as the
feature data space. Alternatively, a one-dimensional space
having any one of the three feature data as a component can be
set as the feature data space. In step S41, it is supposed that the
feature data space to be set is determined beforehand. How-
ever, an operator may select a desired feature data space by
the input unit 6.

[0071] FIG. 10 is a view illustrating an example of the
feature data space set by the degree-of-association calculat-
ing unit 43. In the feature data space illustrated in FIG. 10, the
abscissa axis indicates the intercept b, and the ordinate axis
indicates the intensity c. A point Sp in FIG. 10 indicates a
point (hereinafter referred to as a “specimen point™) having
the intercept b and the intensity ¢ calculated for the specimen
to be examined as a coordinate in the feature data space.
Regions G, G,, and G,, illustrated in FIG. 10 respectively
indicate groups in which a tissue characterization of the
known specimen stored in the known specimen information
storage unit 81 is p, v, and p. In the case of FIG. 10, three
groups G, G, and G, are present in the regions not inter-
secting with one another in the feature data space.

[0072] In the first embodiment, even in obtaining the fea-
ture data of the known specimen, the grouping is executed by
using the feature data, which is obtained by performing the
attenuation correction to the pre-correction feature data of the
frequency spectrum obtained by the frequency analysis, as an
index. Therefore, the different groups can clearly be sepa-
rated. Since the feature data to which the attenuation correc-
tion is performed is used in the first embodiment, in particu-
lar, the regions of the respective groups can be obtained as
being clearly separated, compared to the case where the fea-
ture data that is extracted without being subjected to the
attenuation correction is used.

[0073] After step S41, the degree-of-association calculat-
ing unit 43 calculates distances d,, d,, and d, on the feature
data space between the specimen point Sp and respective
points Ly, Vo, and p, (these points are hereinafter referred to as
“known specimen average points”) that are included in the
groups G, G,, and G,,, and that have an average of the
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intercepts b and the intensities ¢ of the frequency spectrum of
the FFT data group as the coordinate in the feature data space
(step S42). The degree-of-association calculating unit 43 cal-
culates the distance between all specimen points of the fre-
quency spectrum and the known specimen average point on
the feature data space in step S42. If the scale of the b-axis
component and the scale of the c-axis component on the
feature data space are greatly different, a weighting is desir-
ably executed in order to equalize the contribution of each
distance, as needed.

[0074] Next, the degree-of-association calculating unit 43
outputs the distance calculated in step S42 as the calculation
result (step S43). Thus, the degree-of-association calculation
process in step S7 is ended.

[0075] The degree-of-association calculating unit 43 may
determine the tissue characterization of the specimen based
upon the calculation result subsequent to step S43. In this
case, however, the known specimen information storage unit
81 has to store the feature data of the known specimen and the
tissue characterization in association with each other. When
the specimen point Sp is extremely apart from the known
specimen average points [i,, v,, and p,, the reliability of the
determination result of the tissue characterization is low even
if the minimum values of the distances d, d,, and d_ are
obtained. Therefore, when the distances d,,, d,, and d, are
greater than a predetermined threshold value, the degree-of-
association calculating unit 43 may output an error signal.
When any two of the distances d,,, d,, and d,, assume the
minimum value, the degree-of-association calculating unit 43
may select all tissue characterizations corresponding to the
minimum value as candidates, or may select any one of the
tissue characterization according to a prescribed rule. In the
latter case, a method in which a priority order of the tissue
characterization having high malignancy such as a cancer is
set high may be employed. When any two or more of the
distances d,, d,, and d, assume the minimum value, the
degree-of-association calculating unit 43 may output an error
signal.

[0076] After step S7 described above, the calculation result
display image data generating unit 52 generates the calcula-
tion result display image data by using the B-mode image data
generated by the B-mode image data generating unit 51, the
feature data calculated by the feature data extracting unit 42,
and the result calculated by the degree-of-association calcu-
lating unit 43 (step S8). In this case, the calculation result
display image data generating unit 52 assigns a color compo-
nent (a variable composing a color space) serving as visual
information to each pixel according to the distance between
the specimen point Sp and the known specimen average point
on the feature data space. For example, in the feature data
space illustrated in FIG. 10, a red component (R) is assigned
to the distance d,, between the specimen point Sp and the
known specimen average point L, a green component (G) is
assigned to the distance d,, between the specimen point Sp and
the known specimen average point v,,, and a blue component
(B) is assigned to the distance d, between the specimen point
Sp and the known specimen average point p,, and the pixel
value is changed according to the distance.

[0077] FIG. 11 is aview illustrating an example of a way of
assigning the color component to each pixel in the calculation
result display image data. Specifically, FIG. 11 is a view
illustrating the relationship between the distance d,, between
the specimen point Sp and the known specimen average point
L, on the feature data space and the magnitude of the red
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component R. In FIG. 11, the red component R assumes 255
(the maximum value in 8-bit notation), when the distance d,
satisfies 0=d,=d,,q. The value of the red component R lin-
early decreases when the distance d,, satisfies d,,<d,=d,,,.
and when the distance d, satisfies d,>d,,, it becomes zero.
The magnitude of the red component has been described
above. The magnitudes of the green component and the blue
component can be determined according to the distances d,,
and d,,, respectively. The color space may be composed of
variables of complementary colors such as cyan, magenta,
and yellow, instead of the variables of the RGB color system.
Alternatively, three attributes of light (color phase, bright-
ness, saturation), which are different from the others, may be
assigned to the distances d, d,, and d. In this case, the
attribute value is changed according to the distance. A pattern
determined according to the distance may be assigned to any
one of the distances d,,, d,, and d,,.

[0078] FIG. 12 is a view illustrating another example of a
way of assigning the color component to each pixel in the
calculation result display image data, and it is a view illus-
trating the relationship between the distance d,, and the mag-
nitude of the red component R as in FIG. 11. In FIG. 12, the
value of the red component R is zero when the distance d,,
satisfies 0=d,=d,,,. When the distance d, satisfies
d,x<d,=d,,, the red component R linearly increase, and
when the distance d, satisfies d,>d,,;, it assumes 255. As
described above, the magnitude of the color component
assigned to each pixel in the calculation result display image
data may arbitrarily be set.

[0079] The display unit 7 displays the calculation result
display image generated by the calculation result display
image data generating unit 52 (step S9). FIG. 13 is a view
illustrating a display example of the calculation result display
image displayed on the display unit 7. FIG. 14 is a view
schematically illustrating the image illustrated in FIG. 13 in
black and white. Compared to the B-mode image 100, an
calculation result display image 300 illustrated in these fig-
ures are colored, so that the color difference according to each
group is made clear. More specifically, the calculation result
display image data 300 roughly includes a green region 300g
and a red region 3007. The boundary between two regions is
illustrated with a yellow color (not illustrated in FIG. 14). As
illustrated in FIG. 14, each region is not formed of a single
color. For example, the green region 300g is a region where
greenish pixels are collected. Similarly, the red region 3007 is
a region where reddish pixels are collected. Therefore, an
observer can clearly recognize the difference in the groups,
i.e., the difference in the tissue characterization.

[0080] FIG. 15 is a view describing the effect of the attenu-
ation correction process executed by the ultrasonic observa-
tion apparatus 1. An image 400 in FIG. 15 is a calculation
result display image to which the attenuation correction is not
executed. The calculation result display image in this case is
a grayscale image in which the intercept b is equally assigned
to R (red), G (green), and B (blue) with respect to the B-mode
image generated by the B-mode image data generating unit
51. In the calculation result display image 400, the signal
intensity is reduced due to the influence of the attenuation on
the region (lower region in FIG. 14) having the large reception
depth, so that the image becomes dark. On the other hand, a
calculation result display image 500 obtained by performing
the attenuation correction to the same B-mode image has
uniform brightness over the screen.
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[0081] According to the first embodiment of the present
invention, plural known specimens are classified into plural
groups based upon the feature data of the frequency spectrum
extracted on the basis of the ultrasonic wave reflected on each
of'the plural known specimens, and the degree of association
between the feature data of the specimen extracted based
upon the frequency spectrum of the ultrasonic signal and each
group by using the statistic of the population including the
feature data of each group. The ultrasonic image data having
the display manner corresponding to the feature data of the
specimen is generated based upon the calculation result.
Accordingly, the difference in the tissue can clearly be dis-
tinguished without using the distorted amount or elasticity of
the living tissue. Consequently, the specimen can precisely be
observed, whereby the reliability in the observation result can
be enhanced.

[0082] Inthe first embodiment, the attenuation correction is
performed to the pre-correction feature data extracted from
the frequency spectrum. Therefore, the influence of the
attenuation caused by the propagation of the ultrasonic wave
can be eliminated, whereby the tissue characterization can be
distinguished with higher accuracy.

Second Embodiment

[0083] In the second embodiment of the present invention,
the feature data extracting process executed by the feature
data extracting unit is different from that in the first embodi-
ment. The configuration of the ultrasonic observation appa-
ratus according to the second embodiment is the same as that
of the ultrasonic observation apparatus 1 in the first embodi-
ment. Therefore, the components corresponding to those in
the ultrasonic observation apparatus 1 are identified by the
same numerals in the description below.

[0084] In the feature data extracting process in the second
embodiment, the attenuation correction unit 422 firstly per-
forms the attenuation correction process to the frequency
spectrum calculated by the frequency analyzing unit 41.
Thereafter, the approximation unit 421 performs the approxi-
mation process to the frequency spectrum to which the attenu-
ation correction is performed by the attenuation correction
unit 422, thereby extracting the feature data of the frequency
spectrum.

[0085] FIG. 16 is a flowchart illustrating the outline of the
process of the ultrasonic observation apparatus according to
the second embodiment. In FIG. 16, the processes in steps
S51 to S54 respectively correspond to the processes in steps
S1 to S4 in FIG. 2.

[0086] Instep S55, the attenuation correction unit 422 per-
forms the attenuation correction process to the frequency
spectrum calculated by the frequency analyzing unit 41
according to the FFT calculation (step S55). FIG. 17 isa view
schematically illustrating the outline of the process in step
S55. As illustrated in FIG. 17, the attenuation correction unit
422 performs the correction in which the attenuation amount
A in the above-mentioned equation (1) is added to the inten-
sity I to all frequencies f, thereby obtaining a new frequency
spectrum curve C;' with respect to the frequency spectrum
curve C,. Thus, the frequency spectrum from which the con-
tribution of the attenuation caused by the propagation of the
ultrasonic wave is reduced can be obtained.

[0087] Thereafter, the approximation unit 421 extracts the
feature data of the frequency spectrum by performing the
regression analysis to all frequency spectrums to which the
attenuation correction is executed by the attenuation correc-
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tion unit 422 (step S56). Specifically, the approximation unit
421 calculates the slope a, the intercept b, and the intensity ¢
at the center frequency f,,,, according to the regression
analysis. A straight line L, illustrated in FIG. 17 is a regres-
sion line (intercept b;) obtained by performing the feature
data extracting process to the frequency spectrum curve C; in
step S56.

[0088] The processes in steps S57 to S59 respectively cor-
respond to the processes in steps S7 to S9 in FIG. 2.

[0089] Even in the second embodiment, the degree-of-as-
sociation calculating unit 43 can be configured to determine
the tissue characterization of the specimen by using the cal-
culated degree of association, as in the first embodiment. In
this case, the known specimen information storage unit 81
stores the feature data of the known specimen in association
with the tissue characterization.

[0090] According to the second embodiment of the present
invention, plural known specimens are classified into plural
groups based upon the feature data of the frequency spectrum
extracted on the basis of the ultrasonic wave reflected on each
of the plural known specimens, and the degree of association
between the feature data of the specimen extracted based
upon the frequency spectrum of the ultrasonic signal and each
group by using the statistic of the population including the
feature data of each group. The ultrasonic image data having
the display manner corresponding to the feature data of the
specimen is generated based upon the calculation result.
Accordingly, the difference in the tissue can clearly be dis-
tinguished without using the distorted amount or elasticity of
the living tissue. Consequently, the specimen can precisely be
observed, whereby the reliability in the observation result can
be enhanced.

[0091] In the present second embodiment, the feature data
is extracted after the attenuation correction is performed to
the frequency spectrum. Therefore, the influence of the
attenuation caused by the propagation of the ultrasonic wave
can be eliminated, whereby the tissue characterization can be
distinguished with higher accuracy.

Third Embodiment

[0092] Inthe thirdembodiment of the present invention, the
tissue characterization determining process executed by the
degree-of-association calculating unit is different from thatin
the first embodiment. The configuration of the ultrasonic
observation apparatus according to the third embodiment is
the same as that of the ultrasonic observation apparatus 1 in
the first embodiment. Therefore, the components correspond-
ing to those in the ultrasonic observation apparatus 1 are
identified by the same numerals in the description below.
[0093] The degree-of-association calculating unit 43 forms
new populations by adding feature data (a, b, ¢) to the groups
G,,; G,, and G, (see FIG. 10) composing the tissue character-
izations [, v, and p, and then, obtains the standard deviation
for each feature data in the data composing each tissue char-
acterization. As in the first embodiment, the degree-of-asso-
ciation calculating unit 43 may determine the tissue charac-
terization of the specimen by using the calculated degree of
association. In this case, the known specimen information
storage unit 81 stores the feature data of the known specimen
in association with the tissue characterization.

[0094] Then, the degree-of-association calculating unit 43
calculates the difference (hereinafter merely referred to as
“difference in the standard deviation™) between the standard
deviation of each feature data in the groups G,,, G,,, and G, in
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the original population including only the known specimens
and the standard deviation of each feature data in the groups
G, G,, and G,, in the new population to which a new speci-
men is added. Here, the degree-of-association calculating
unit 43 may calculate the difference in the standard deviation
for only the standard deviation of the feature data selected
beforehand from plural feature data. In this case, the operator
may select any feature data, or the ultrasonic observation
apparatus 1 may automatically select any feature data.

[0095] FIG. 18 is a view schematically illustrating the stan-
dard deviation of each group and the standard deviation of the
new population, when the feature data space illustrated in
FIG. 10 is used. In FIG. 18, the standard deviation of the
intercept b is supposed to be 0,,,, and the standard deviation of
the intensity ¢ is supposed to be o, in the group G,.. The
standard deviation of the intercept b is supposed to be o,,,, and
the standard deviation of the intensity ¢ is supposed to be o,
in the group G,. The standard deviation of the intercept b is
supposed to be 0,,,, and the standard deviation of the intensity
cis supposed to be o,,, in the group G,,. On the other hand, the
standard deviation of the intercept b is supposed to be 0,,,',
and the standard deviation of the intensity ¢ is supposed to be
0,,' in the population formed by adding the specimen point
Sp to the group G,,. The standard deviation of the intercept b
is supposed to be o,,', and the standard deviation of the
intensity c is supposed to be o,,' in the population formed by
adding the specimen point Sp to the group G,. The standard
deviation of the intercept b is supposed to be o,,,', and the
standard deviation of the intensity ¢ is supposed to be 0,,' in
the population formed by adding the specimen point Sp to the
group G,,. In this case, the above-mentioned difference in the
standard deviation is obtained such as Ac,,=0,,'-0,,
A0,,=0,,,'=0), AC,,,=0,,'-0,;, . . . . When the variables in
the RGB color system are used, the red component, the green
component, and the blue component may respectively be
assigned to the differences in the standard deviation Ac,,;,
Ao, ,, and Ac,,, in the intercept b, for example. Alternatively,
three attributes of light (color phase, brightness, saturation),
which are different from the others, may be assigned to the
differences in the standard deviation Ao, Ag,,;, and Ao, . In
this case, the attribute value is changed according to the
difference in the standard deviation. A pattern determined
according to the distance may be assigned to any one of the
differences in the standard deviation Ac,,;, Ao,,, and Ao, .

[0096] FIG. 19 is a view illustrating one example of the
relationship between the absolute value IAc, I=loy,'-0,,, | and
the magnitude of the red component R. In FIG. 19, when the
absolute value |Aoy, | satisfies 0=|Ao,,,|=I1A0,,,l, the mag-
nitude of the red component R is 255 (8-bit notation). When
the absolute value 1A, | satisfies 1A0,,,I<IA0,,I=1A0,,
the magnitude of the red component R linearly decreases, and
when the absolute value |Ac,,, | satisfies Ao, I>IAC,,, |, itis
zero. Even in the third embodiment, the magnitude of the
color component assigned to each pixel in the calculation
result display image data may arbitrarily be set.

[0097] The degree-of-association calculating unit 43 may
calculate a value, which is obtained by weighting to the dif-
ference in the standard deviation of all feature data for each
group, and may determine the tissue characterization corre-
sponding to the group having the minimum value as the tissue
characterization of the specimen. In this case, when the fea-
ture data has the slope a, the intercept b, and the intensity c,
the degree-of association calculating unit 43 calculates w -
(the difference in the standard deviation of a)+w,-(the differ-
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ence in the standard deviation of b)+w -(the difference in the
standard deviation of ¢) by setting the weights respectively
corresponding to the slope a, the intercept b, and the intensity
casw,, w,,and w_, and determines the tissue characterization
ofthe specimen based upon the calculated value. The operator
may arbitrarily set the weights w,,, w,, and w_, or the ultra-
sonic observation apparatus 1 may automatically set the
weights w,, w,, and w_.

[0098] The degree-of-association calculating unit 43 may
calculate a square root of a value obtained by performing the
weighting to the square of the difference in the standard
deviation of all feature data for each group, and may deter-
mine the tissue characterization corresponding to the group
having the minimum square root as the tissue characterization
of the specimen. In this case, when the feature data has the
slope a, the intercept b, and the intensity c, the degree-of-
association calculating unit 43 calculates {w' - (the difference
in the standard deviation of a)*4+w',-(the difference in the
standard deviation of b)*+w'_-(the difference in the standard
deviation of ¢)*} "2 by setting the weights respectively corre-
sponding to the slope a, the intercept b, and the intensity c as
w',, W', and W', and determines the tissue characterization of
the specimen based upon the calculated value. The operator
may arbitrarily set the weights w',,, w',, and w'_, or the ultra-
sonic observation apparatus 1 may automatically set the
weights w',, w',, and w'...

[0099] According to the third embodiment described
above, the specimen can precisely be observed, whereby the
reliability in the observation result can be enhanced, as in the
first embodiment. According to the third embodiment, the
influence of the attenuation caused by the propagation of the
ultrasonic wave can be eliminated, whereby the tissue char-
acterization can be distinguished with higher accuracy.
[0100] In the third embodiment, the degree-of-association
calculating unit 43 determines the tissue characterization
based upon the difference in the standard deviation of each
feature data between the original population and the popula-
tion formed by adding a new specimen. However, this is only
one example. For example, the degree-of-association calcu-
lating unit 43 may determine the tissue characterization based
upon the difference in the average of each feature data
between the original population and the population formed by
adding a new specimen.

[0101] The embodiments for carrying out the present
invention have been described above. The present invention is
not limited to the above-mentioned first to third embodi-
ments. Specifically, the present invention can include various
forms without departing from the technical scope described
in the claims.

[0102] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasonic observation apparatus that transmits an
ultrasonic wave to a specimen, and receives the ultrasonic
wave reflected on the specimen, comprising:

a frequency analyzing unit configured to calculate a fre-

quency spectrum by analyzing a frequency of the
received ultrasonic wave;
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a feature data extracting unit configured to extract feature
data of the frequency spectrum by performing an
approximation to the frequency spectrum calculated by
the frequency analyzing unit;

a storage unit configured to store feature data of a fre-
quency spectrum extracted based upon the ultrasonic
wave reflected respectively from plural known speci-
mens, and to store the plural known specimens as being
classified into plural groups based upon information of
each of the known specimens;

a degree-of-association calculating unit configured to cal-
culate a degree of association between the feature data
extracted by the feature data extracting unit and each
group by using a statistics of a population including at
least the feature data of each group stored in the storage
unit;

an image processing unit configured to allow the degree of
association of the specimen to each group to correspond
to different color components, and to generate ultrasonic
image data by using a parameter formed by combining
the different color components, based upon the calcula-
tion result of the degree-of-association calculating unit;
and

a display unit configured to be capable of displaying the
image corresponding to the ultrasonic image data gen-
erated by the image processing unit.

2. The ultrasonic observation apparatus according to claim

1, wherein

the feature data extracting unit extracts plural feature data,

the storage unit stores an average of the respective feature
data in each of the plural groups,

the degree-of-association calculating unit sets feature data
space having at least any one of the plural feature data as
a component, and calculates, as the degree of associa-
tion, a distance on the feature data space between a
specimen point that has a feature data, which serves as
the component of the feature data space, out of the
feature data of the frequency spectrum of the specimen
as a coordinate on the feature data space, and a known
specimen average point that has an average of the feature
data, which serve as the component of the feature data
space, out of the feature data in the group of the plural
known specimens as a coordinate on the feature data
space.

3. The ultrasonic observation apparatus according to claim

2, wherein

the image processing unit determines a pixel value of the
ultrasonic image data according to the distance between
the specimen point and the known specimen average
point.

4. The ultrasonic observation apparatus according to claim

1, wherein

the degree-of-association calculating unit calculates a stan-
dard deviation of a feature data in a new population
formed by adding a feature data of the specimen to the
feature data belonging to the same group, and calculates
the difference between the standard deviation and the
standard deviation of the feature data belonging to the
same group as the degree of association.

5. The ultrasonic observation apparatus according to claim

4, wherein

the image processing unit determines the pixel value of the
ultrasonic image data according to the difference
between the standard deviation of the feature data in the
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new population and the standard deviation of the feature
data belonging to the same group.
6. The ultrasonic observation apparatus according to claim
1, wherein
the plural specimens having the feature data belonging to
the same group have the same tissue characterization.
7. The ultrasonic observation apparatus according to claim
1, wherein
the feature data extracting unit includes:
an approximation unit configured to extract pre-correction
feature data, which is an amount before an attenuation
correction process for reducing a contribution of an
attenuation caused according to a reception depth and a
frequency of the ultrasonic wave during the propagation
of the ultrasonic wave to the frequency spectrum is
executed, through an execution of an approximation
process to the frequency spectrum calculated by the
frequency analyzing unit; and
an attenuation correction unit configured to extract the
feature data of the frequency spectrum by performing
the attenuation correction process to the pre-correction
feature data extracted by the approximation unit.
8. The ultrasonic observation apparatus according to claim
7, wherein
the approximation unit approximates the frequency spec-
trum with a polynomial according to a regression analy-
sis.
9. The ultrasonic observation apparatus according to claim
8, wherein
the approximation unit approximates the frequency spec-
trum with a primary expression, and
extracts plural feature data including at least two of a slope
of the primary expression, an intercept of the primary
expression, and an intensity determined by using the
slope, the intercept, and a specific frequency included in
a frequency band of the frequency spectrum.
10. The ultrasonic observation apparatus according to
claim 7, wherein
the attenuation correction unit makes a great correction, as
the reception depth of the ultrasonic wave is larger.
11. The ultrasonic observation apparatus according to
claim 1, wherein
the feature data extracting unit includes:
an attenuation correction unit configured to execute an
attenuation correction process for reducing a contribu-
tion of an attenuation caused according to a reception
depth and a frequency of the ultrasonic wave during the
propagation of the ultrasonic wave to the frequency
spectrum; and
an approximation unit configured to extract the feature data
of the frequency spectrum by performing the approxi-
mation process to the frequency spectrum that is cor-
rected by the attenuation correction unit.
12. The ultrasonic observation apparatus according to
claim 11, wherein
the approximation unit approximates the frequency spec-
trum with a polynomial according to a regression analy-
sis.
13. The ultrasonic observation apparatus according to
claim 12, wherein
the approximation unit approximates the frequency spec-
trum with a primary expression, and
extracts plural feature data including at least two of a slope
of the primary expression, an intercept of the primary
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expression, and an intensity determined by using the
slope, the intercept, and a specific frequency included in
a frequency band of the frequency spectrum.

14. The ultrasonic observation apparatus according to
claim 11, wherein

the attenuation correction unit makes a great correction, as

the reception depth of the ultrasonic wave is larger.

15. An operation method of an ultrasonic observation appa-
ratus that transmits an ultrasonic wave to a specimen, and
receives the ultrasonic wave reflected on the specimen, com-
prising:

calculating a frequency spectrum by analyzing a frequency

of the received ultrasonic wave by a frequency analyzing
unit;
extracting feature data of the frequency spectrum by per-
forming an approximation to the frequency spectrum by
a feature data extracting unit;

reading a feature data of each group from a storage unit that
stores feature data of a frequency spectrum extracted
based upon the ultrasonic wave reflected respectively
from plural known specimens, and that stores the plural
known specimens as being classified into plural groups
based upon information of each of the known speci-
mens, and calculating a degree of association between
the feature data extracted by the feature data extracting
unit and each group by using a statistics of a population
including at least the feature data of each group;

allowing the degree of association of the specimen to each
group to correspond to different color components, and
generating ultrasonic image data by using a parameter
formed by combining the different color components,
based upon the calculation result of the degree of asso-
ciation; and

displaying the image corresponding to the ultrasonic image

data on a display unit.

16. A non-transitory computer readable recording medium
on which an executable program is recorded, wherein the
program instructs a processor to perform:

calculating a frequency spectrum by analyzing a frequency

of a received ultrasonic wave by a frequency analyzing
unit;
extracting feature data of the frequency spectrum by per-
forming an approximation to the frequency spectrum by
a feature data extracting unit;

reading feature data of each group from a storage unit that
stores feature data of a frequency spectrum extracted
based upon the ultrasonic wave reflected respectively
from plural known specimens, and that stores the plural
known specimens as being classified into plural groups
based upon information of each of the known speci-
mens, and calculating a degree of association between
the feature data extracted by the feature data extracting
unit and each group by using a statistics of a population
including at least the feature data of each group;

allowing the degree of association of the specimen to each
group to correspond to different color components, and
generate ultrasonic image data by using a parameter
formed by combining the different color components,
based upon the calculation result of the degree of asso-
ciation; and

displaying the image corresponding to the ultrasonic image

data on a display unit.

* * Ed Ed *
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