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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic observation apparatus used to observe tissue of a specimen
using an ultrasonic wave, an operation method of an ultrasonic observation apparatus, and an operation program for
an ultrasonic observation apparatus.

BACKGROUND ART

[0002] In the past, a technique called an ultrasonic elastography has been known as an examination technique of a
breast cancer or the like using an ultrasonic wave (for example, see patent literature 1). The ultrasonic elastography is
a technique using the fact that a cancer in a living body or hardness of tumor tissue differs according to a progress state
of a disease or a living body. In this technique, a strain amount or an elastic modulus of living tissue at an examination
point is measured using an ultrasonic wave in a state in which the examination point is pressed from the outside, and
a cross-sectional image is displayed as a measurement result.

[0003] Patent literature 1: International Patent Publication No. 2005/122906

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0004] In general, for an ultrasonic diagnosis, it is preferable to display an image in such a manner that a person who
will make a diagnosis can clearly recognize tissue characterization of a living body. However, in the abovementioned
ultrasonic elastography, because a pressure caused by a press unlikely transmits to a lower part of a vascular channel,
such as a blood vessel and a lymph vessel, it is impossible to display the boarder between the vascular channel and
other tissues in a clearly distinguishable manner.

[0005] The present invention has been achieved to solve the above problems with the conventional technology and
it is an object of the present invention to provide an ultrasonic observation apparatus, an operation method for the
ultrasonic observation apparatus, and an operation program for the ultrasonic observation apparatus capable of displaying
a vascular channel or noise in tissue of an observation target to be distinguished from another tissue, and capable of
clearly displaying the difference in the tissue characterization.

MEANS FOR SOLVING PROBLEM

[0006] In order to solve the above problem and achieve the object, it is provided an ultrasonic observation apparatus
that transmits an ultrasonic wave to a specimen and receives the ultrasonic wave reflected from the specimen. The
ultrasonic observation apparatus includes a frequency analyzing unit that analyzes frequencies of the ultrasonic wave
at a plurality of points which are respectively positioned on a plurality of acoustic rays of the received ultrasonic wave
and different from each other to calculate a frequency spectrum of each of the points; a feature amount extracting unit
that approximates a portion included in a frequency band between a first frequency and a second frequency larger than
the first frequency, by a polynomial, in the frequency spectrum of each of the points calculated by the frequency analyzing
unit to extract at least first spectrum intensity which is a value of the polynomial in a third frequency included in a domain
of the polynomial and second spectrum intensity which is a value of the polynomial in a fourth frequency different from
the first to third frequencies, as a feature amount of the frequency spectrum of each of the points; and a feature amount
image data generating unit that associates any one of (a) the first spectrum intensity, (b) the second spectrum intensity,
and (c) a function of a difference or a ratio between the first spectrum intensity and the second spectrum intensity, with
first visual information and associates either of the remaining two other than the one of (a) to (c) associated with the first
visual information, with second visual information different from the first visual information to generate a feature amount
image which visually indicates a distribution of the feature amount.

[0007] Moreover, in the ultrasonic observation apparatus according to the present invention, the third frequency is a
frequency included in the frequency band, and the fourth frequency is a frequency which is not included in the frequency
band.

[0008] Furthermore, in the ultrasonic observation apparatus according to the present invention, the feature amount
extracting unit approximates the frequency spectrum using a linear expression, and one of the first and second spectrum
intensity is an intercept of the linear expression, and the other is specific spectrum intensity which is decided using a
slope of the linear expression, the intercept of the linear expression, and the third frequency.

[0009] Moreover, in the ultrasonic observation apparatus according to the present invention, the first visual information
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is a hue which is associated with a function of a difference or a ratio between the intercept and the specific spectrum
intensity, and the second visual information is brightness and/or chroma which is associated with the intercept or the
specific spectrum intensity.

[0010] Furthermore, in the ultrasonic observation apparatus according to the present invention, the first visual infor-
mation is a hue which is associated with the intercept, and the second visual information is brightness and/or chroma
which is associated with the specific spectrum intensity.

[0011] Moreover, the ultrasonic observation apparatus according to the present invention further includes an input
unit that receives an input of a switching instruction signal to switch association between the first and second visual
information, and the first spectrum intensity, the second spectrum intensity, the function of a difference or a ratio between
the first spectrum intensity and the second spectrum intensity. The feature amount image data generating unit generates
the feature amount image according to the switching instruction signal received by the input unit.

[0012] Furthermore, in the ultrasonic observation apparatus according to the present invention, the feature amount
extracting unit includes an approximating unit that approximates the frequency spectrum by the polynomial and extracts
a pre-correction feature amount based on the polynomial, and an attenuation correcting unit that performs attenuation
correction on the pre-correction feature amount extracted by the approximating unitfor reducing contribution of attenuation
which occurs according to a reception depth and a frequency of an ultrasonic wave when the ultrasonic wave is transmitted,
to extract the feature amount of the frequency spectrum.

[0013] Moreover, in the ultrasonic observation apparatus according to the present invention, the feature amount ex-
tracting unit includes an attenuation correcting unit that performs attenuation correction on the frequency spectrum for
reducing contribution of attenuation which occurs according to a reception depth and a frequency of an ultrasonic wave
when the ultrasonic wave is transmitted, and an approximating unit that approximates the frequency spectrum corrected
by the attenuation correcting unit by the polynomial and extracts the feature amount based on the polynomial.

[0014] Furthermore, in the ultrasonic observation apparatus according to the present invention, the attenuation cor-
recting unit performs larger correction as the reception depth of the ultrasonic wave increases.

[0015] Moreover, the ultrasonic observation apparatus according to the present invention further includes a signal
amplifying unit that amplifies a signal of the ultrasonic wave received from the specimen with a gain according to the
reception depth; a B-mode image data generating unit that converts an amplitude of the signal of the ultrasonic wave
amplified by the signal amplifying unit into luminance to generate a B-mode image to display;

an amplification correcting unit that performs amplification correction on the signal of the ultrasonic wave amplified by
the signal amplifying unit for causing the gain to be constant regardless of the reception depth; and a control unit that
causes correction by the amplification correcting unit and correction by the attenuation correcting unit to be performed
together. The frequency analyzing unit analyzes the frequencies of the signal of the ultrasonic wave on which the
amplification correction has been performed by the amplification correcting unit.

[0016] Furthermore, the ultrasonic observation apparatus according to the present invention further includes a signal
amplifying unit that amplifies a signal of the ultrasonic wave received from the specimen with a gain according to a
reception depth; a B-mode image data generating unit that converts an amplitude of the signal of the ultrasonic wave
amplified by the signal amplifying unit into luminance to generate a B-mode image to display; and an amplification
correcting unit that performs amplification correction on the signal of the ultrasonic wave amplified by the signal amplifying
unit for causing the gain to be constant regardless of the reception depth. The frequency analyzing unit analyzes the
frequencies of the signal of the ultrasonic wave on which the amplification correction has been performed by the ampli-
fication correcting unit.

[0017] Moreover, in the ultrasonic observation apparatus according to the present invention, the gain monotonically
increases up to a predetermined reception depth when the signal amplifying unit performs amplification.

[0018] Furthermore, the ultrasonic observation apparatus according to the present invention further includes a signal
amplifying unit that amplifies a reception signal of the ultrasonic wave received from the specimen; and a B-mode image
data generating unitthat converts an amplitude of the reception signal amplified by the signal amplifying unitinto luminance
to generate a B-mode image to display. The signal amplifying unit performs amplification on a signal to be output to the
B-mode image data generating unit while changing a gain according to a reception depth, and performs amplification
on a signal to be output to the frequency analyzing unit with a constant gain.

[0019] Moreover, in the ultrasonic observation apparatus according to the present invention, the gain with respect to
the signal to be output to the B-mode image data generating unit monotonically increases up to a predetermined reception
depth.

[0020] Furthermore, the ultrasonic observation apparatus according to the present invention further includes a storage
unit that stores a reference spectrum obtained based on a frequency of an ultrasonic wave received from a reference
reflector; a frequency band setting unit that sets the frequency band; and a correction frequency spectrum calculating
unit that corrects the frequency spectrum calculated by the frequency analyzing unit based on the reference spectrum
stored in the storage unit to calculate a correction frequency spectrum. The feature amount extracting unit extracts the
feature amount of the correction frequency spectrum calculated by the correction frequency spectrum calculating unit.
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[0021] Moreover, in the ultrasonic observation apparatus according to the present invention, the storage unit stores
at least the reference spectrum for each reception depth of the ultrasonic wave, and the correction frequency spectrum
calculating unit calculates the correction frequency spectrum by obtaining a difference between the reference spectrum
and the frequency spectrum for each reception depth.

[0022] Furthermore, inthe ultrasonic observation apparatus according to the presentinvention, the storage unitincludes
a frequency band information storage unit that stores a frequency band that is decided according to a reception depth
of an ultrasonic wave and decreases in a bandwidth and a maximum frequency as the reception depth increases, and
the frequency band setting unit sets the frequency band with reference to frequency band information stored in the
frequency band information storage unit.

[0023] Moreover, the ultrasonic observation apparatus according to the present invention further includes a display
unit that displays the feature amount image.

[0024] Furthermore, itis provided an operation method of an ultrasonic observation apparatus that transmits an ultra-
sonic wave to a specimen and receives the ultrasonic wave reflected from the specimen. The operation method includes
a frequency analyzing step of analyzing, by a frequency analyzing unit, frequencies of the ultrasonic wave at a plurality
of points which are respectively positioned on a plurality of acoustic rays of the received ultrasonic wave and different
from each other to calculate a frequency spectrum of each of the points; a feature amount extracting step of approximating,
by a feature amount extracting unit, a portion included in a frequency band between a first frequency and a second
frequency larger than the first frequency, by a polynomial, in the calculated frequency spectrum of each of the points
calculated at the frequency analyzing step to extract at least first spectrum intensity which is a value of the polynomial
in a third frequency included in a domain of the polynomial and second spectrum intensity which is a value of the
polynomial in a fourth frequency different from the first to third frequencies, as a feature amount of the frequency spectrum
of each of the points; and a feature amount image data generating step of associating, by a feature amount image data
generating unit, any one of (a) the first spectrum intensity, (b) the second spectrum intensity, and (c) a function of a
difference or a ratio between the first spectrum intensity and the second spectrum intensity, with first visual information
and associating either of the remaining two other than the one of (a) to (c) associated with the first visual information,
with second visual information different from the first visual information to generate a feature amountimage which visually
indicates a distribution of the feature amount.

[0025] Moreover, itis provided an operation program foran ultrasonic observation apparatus that transmits an ultrasonic
wave to a specimen and receives the ultrasonic wave reflected from the specimen. The operation program causes the
ultrasonic observation apparatus to execute: a frequency analyzing step of analyzing, by a frequency analyzing unit,
frequencies of an ultrasonic wave at a plurality of points which are respectively positioned on a plurality of acoustic rays
of the ultrasonic wave and different from each other to calculate a frequency spectrum of each of the points; a feature
amount extracting step of approximating, by a feature amount extracting unit, a portion included in a frequency band
between a first frequency and a second frequency larger than the first frequency, by a polynomial, in the calculated
frequency spectrum of each of the points calculated at the frequency analyzing step to extract at least first spectrum
intensity which is a value of the polynomial in a third frequency included in a domain of the polynomial and second
spectrum intensity which is a value of the polynomial in a fourth frequency different from the first to third frequencies,
as a feature amount of the frequency spectrum of each of the points; and a feature amount image data generating step
of associating, by a feature amount image data generating unit, any one of (a) the first spectrum intensity, (b) the second
spectrum intensity, and (c) a function of a difference or a ratio between the first spectrum intensity and the second
spectrum intensity, with first visual information and associating either of the remaining two other than the one of (a) to
(c) associated with the first visual information, with second visual information different from the first visual information
to generate a feature amount image which visually indicates a distribution of the feature amount.

EFFECT OF THE INVENTION

[0026] According to the present invention, a feature amount image is generated on the frequency spectrum approxi-
mated by the polynomial such that two spectrum intensities respectively corresponding to two frequencies included in
the polynomial are associated with different visual information. Thus, the feature amount image can be generated based
on information of the frequency spectrum having a characteristic according to the tissue characterization. Thus, it is
possible to display a vascular channel or noise in tissue of an observation target to be distinguished from another tissue,
and it is possible to clearly display the difference in the tissue characterization.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

[FIG. 1] FIG. 1 is a block diagram illustrating a configuration of an ultrasonic observation apparatus according to a
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first embodiment of the present invention.

[FIG. 2] FIG. 2 is a diagram illustrating a relation between a reception depth and a gain in an amplifying process
performed by a signal amplifying unit of the ultrasonic observation apparatus according to the first embodiment of
the present invention.

[FIG.3] FIG. 3 is a diagram illustrating a relation between a reception depth and a gain in an amplifying process
performed by an amplification correcting unit of the ultrasonic observation apparatus according to the first embod-
iment of the present invention.

[FIG.4]FIG. 4is adiagramillustrating an example (a first example) of a frequency spectrum calculated by a frequency
analyzing unit of the ultrasonic observation apparatus according to the first embodiment of the present invention.
[FIG. 5] FIG. 5 is a diagram illustrating a new straight line decided based on a feature amount after an attenuation
correction is performed on a feature amount associated with a straight line illustrated in FIG. 4.

[FIG. 6A] FIG. 6A is a diagram schemaitically illustrating an example in which an observation target is normal tissue.
[FIG.6B]FIG. 6B is a diagram schematically illustrating an example in which an observation target is abnormal tissue.
[FIG. 7] FIG. 7 is a diagram for describing that a frequency spectrum changes according to the size of a scatterer.
[FIG. 8] FIG. 8 is a diagram for describing a difference between frequency spectrums of tissues which are the same
in the size of a scatterer as each other but differ in an acoustic impedance ratio or the number of scatterers per unit
volume from each other.

[FIG. 9] FIG. 9 is a diagram illustrating a relation between an absolute value of an intensity difference of spectrum
intensity and a hue which the ultrasonic observation apparatus according to the first embodiment of the present
invention assigns to a feature amount image.

[FIG. 10] FIG. 10 is a flowchart illustrating a processing outline of the ultrasonic observation apparatus according
to the first embodiment of the present invention.

[FIG. 11] FIG. 11 is a diagram illustrating a display example of a B-mode image in a display unit of the ultrasonic
observation apparatus according to the first embodiment of the present invention.

[FIG. 12] FIG. 12 is a flowchart illustrating an outline of a process performed by the frequency analyzing unit of the
ultrasonic observation apparatus according to the first embodiment of the present invention.

[FIG. 13] FIG. 13 is a diagram schematically illustrating a data array of one acoustic ray.

[FIG. 14] FIG. 14 is a diagram illustrating a display example of a feature amount image displayed by the display unit
of the ultrasonic observation apparatus according to the first embodiment of the present invention.

[FIG. 15] FIG. 15 is a diagram schematically illustrating an image illustrated in FIG. 14 in black and white.

[FIG. 16] FIG. 16 is adiagram illustrating a display example (a second example) of a feature amount image displayed
by a display unit of an ultrasonic observation apparatus according to a second embodiment of the present invention.
[FIG. 17]FIG. 17 is a diagram illustrating a display example (a third example) of the feature amount image displayed
by the display unit of the ultrasonic observation apparatus according to the second embodiment of the present
invention.

[FIG. 18] FIG. 18 is a flowchart illustrating a processing outline of the ultrasonic observation apparatus according
to the second embodiment of the present invention.

[FIG. 19] FIG. 19 is a diagram schematically illustrating an outline of an attenuation correction process performed
by the ultrasonic observation apparatus according to the second embodiment of the present invention.

[FIG. 20] FIG. 20 is a block diagram illustrating a configuration of an ultrasonic observation apparatus according to
a third embodiment of the present invention.

[FIG. 21] FIG. 21 is a diagram schematically illustrating a frequency band table stored in the ultrasonic observation
apparatus according to the third embodiment of the present invention.

[FIG. 22] FIG. 22 is a diagram schematically illustrating an outline of a process of generating a reference spectrum
stored in the ultrasonic observation apparatus according to the third embodiment of the present invention.

[FIG. 23] FIG. 23 is a flowchart illustrating an outline of a process performed by a frequency analyzing unit of the
ultrasonic observation apparatus according to the third embodiment of the present invention.

[FIG. 24] FIG. 24 is a diagram schematically illustrating outlines of a process of calculating a correction frequency
spectrum and a process of extracting a feature on a frequency spectrum.

[FIG. 25] FIG. 25 is a block diagram illustrating a configuration of an ultrasonic observation apparatus according to
a fourth embodiment of the present invention.

[FIG. 26] FIG. 26 is a diagram illustrating a relation between a gain and a reception depth of a calculation echo signal.
[FIG. 27] FIG. 27 is a flowchart illustrating an outline of a process performed by a frequency analyzing unit of the
ultrasonic observation apparatus according to the fourth embodiment of the present invention.
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BEST MODE(S) FOR CARRYING OUT THE INVENTION
(First Embodiment)

[0028] FIG. 1 is a block diagram illustrating a configuration of an ultrasonic observation apparatus according to a first
embodiment of the present invention. An ultrasonic observation apparatus 1 illustrated in FIG. 1 is an apparatus used
to observe a specimen using an ultrasonic wave.

[0029] The ultrasonic observation apparatus 1 includes an ultrasonic probe 2 that outputs an ultrasonic pulse to the
outside and receives an ultrasonic echo reflected from the outside, a transmitting-receiving unit 3 that transmits/receives
an electric signal to/from the ultrasonic probe 2, a calculating unit 4 that performs a predetermined calculation on an
electric echo signal converted from the ultrasonic echo, an image processing unit 5 that generates image data corre-
sponding to the electric echo signal converted from the ultrasonic echo, an input unit 6 that receives an input of a various
kinds of information, a display unit 7 that is implemented using a display panel including a liquid crystal display (LCD)
or an organic electroluminescence (EL) display and displays various kinds of information including an image generated
by the image processing unit 5, a storage unit 8 that stores various kinds of information including information related to
tissue characterization of a known specimen, and a control unit 9 that perform operation control of the ultrasonic obser-
vation apparatus 1.

[0030] Inthe firstembodiment, the "tissue characterization" refers to any one of a cancer, an endocrinoma, a mucinous
tumor, a normal tissue, a vascular channel, and the like. Further, when a specimen is a pancreas, a chronic pancreatitis,
an autoimmune pancreatitis, and the like are included as the tissue characterization. This is similarly applied to the
embodiment which will be described later.

[0031] The ultrasonic probe 2 includes a signal converting unit 21 that converts an electric pulse signal received from
the transmitting-receiving unit 3 into an ultrasonic pulse (an acoustic pulse signal), and converts an ultrasonic echo
reflected from an external specimen into an electric echo signal. The ultrasonic probe 2 may mechanically scan an
ultrasonic transducer or may electronically scan a plurality of ultrasonic transducers.

[0032] The transmitting-receiving unit 3 is electrically connected with the ultrasonic probe 2, transmits a pulse signal
to the ultrasonic probe 2, and receives an echo signal which is a reception signal from the ultrasonic probe 2. Specifically,
the transmitting-receiving unit 3 generates a pulse signal based on a waveform and a transmission timing which are set
in advance, and transmits the generated pulse signal to the ultrasonic probe 2.

[0033] The transmitting-receiving unit 3 includes a signal amplifying unit 31 that amplifies an echo signal. Specifically,
the signal amplifying unit 31 performs sensitivity time control (STC) correction in which an echo signal is amplified with
a higher gain as the echo signal has a larger reception depth. FIG. 2 is a diagram illustrating a relation between the
reception depth and the gain of the echo signal. A reception depth z illustrated in FIG. 2 refers an amount of an ultrasonic
wave calculated based on a time elapsed from a reception start time. As illustrated in FIG. 2, when the reception depth
z is smaller than the threshold value z,, the gain B linearly increases from B, to By, (> Bg) as the reception depth z
increases. However, the reception depth z is the threshold value zy, or more, and the gain B has a constant value By,.
The threshold value z, is set to a value in which an ultrasonic signal received from a specimen is almost attenuated
and so a noise is dominant. More generally, the gain B preferably monotonically increases with the increase in the
reception depth z when the reception depth z is smaller than the threshold value z,.

[0034] The transmitting-receiving unit 3 executes processing such as filtering on the echo signal amplified by the signal
amplifying unit 31, generates a digital radio frequency (RF) signal by performing A/D conversion on the processed signal,
and outputs the digital RF signal. In addition, when a plurality of ultrasonic transducers are electronically scanned by
the ultrasonic probe 2, the transmitting-receiving unit 3 has a multi-channel circuit for beam synthesis corresponding to
a plurality of ultrasonic transducers.

[0035] The calculating unit 4 includes an amplification correcting unit 41 that performs amplification correction, by
which a gain becomes constant regardless of the reception depth, on the digital RF signal output by the transmitting-re-
ceiving unit 3, a frequency analyzing unit 42 that calculates a frequency spectrum (power spectrum) by executing fast
Fourier transform (FFT) on the digital RF signal that has been subjected to the amplification correction and performing
frequency analysis, and a feature amount extracting unit 43 that extracts a feature amount of a frequency spectrum by
performing an approximate process and a correction process of reducing contribution of an attenuation of an ultrasonic
wave that depends on the reception depth and the frequency of the ultrasonic wave on the frequency spectrum calculated
by the frequency analyzing unit 42.

[0036] FIG. 3 is a diagram a relation between the reception depth and the gain in the amplifying process performed
by the amplification correcting unit 41. As illustrated in FIG. 3, the gain in the amplifying process performed by the
amplification correcting unit 41 has a maximum value By, - By when the reception depth z is zero (0), linearly decreases
until the reception depth z reaches the threshold value z, from zero, and becomes zero when the reception depth z is
the threshold value z;, or more. The amplification correcting unit 41 can perform the amplification correction on the digital
RF signal based on the gain decided by the above-described way, offset influence of STC correction in the signal
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amplifying unit 31, and output a signal of the gain By,. Of course, the relation between the reception depth z and the gain
B performed by the amplification correcting unit 41 differs according to the relation between the reception depth and the
gain in the signal amplifying unit 31.

[0037] Thefrequency analyzing unit42 performs a fast Fourier transform on an FFT data group having a predetermined
volume of data for each acoustic ray (line data) to calculate a frequency spectrum at a point (a data position) on the
acoustic ray. Depending on the tissue characterization of a specimen, the frequency spectrum demonstrates a different
tendency. That is because of the fact that a frequency spectrum has a correlation with the size, the density, and the
acoustic impedance of the specimen that serves as a scatterer which scatters the ultrasonic sound waves.

[0038] FIG. 4 is a diagram illustrating an example of a frequency spectrum calculated by the frequency analyzing unit
42. In FIG. 4, a horizontal axis f represents the frequency, and a vertical axis | represents the intensity. In a frequency
spectrum curve C, illustrated in FIG. 4, a lower limit frequency (a first frequency) f, o, and an upper limit frequency (a
second frequency) fy, gy of the frequency spectrum are parameters which are decided based on the frequency band of
the ultrasonic probe 2, the frequency band of the pulse signal transmitted by the transmitting-receiving unit 3, and the
like, and, for example, the lower limit frequency f oy and the upper limit frequency fy gy are 3 MHz and 10 MHz,
respectively. In the first embodiment, a curve and a straight line include a set of discrete points. This point is similarly
applied in an embodiment which will be described later.

[0039] The feature amount extracting unit 43 calculates a polynomial approximation for a portion, which is included
in a frequency band between a first frequency and a second frequency larger than the first frequency in the frequency
spectrum of each point calculated by the frequency analyzing unit 42, to extract at least first spectrum intensity which
is a value of the polynomial in a third frequency included in a domain of the polynomial and second spectrum intensity
which is a value of the polynomial in a fourth frequency different from the first to third frequencies, as a feature amount
of the frequency spectrum in each point. The details of the third and fourth frequencies and the first and second spectrum
intensity will be described later.

[0040] Specifically, the feature amount extracting unit 43 includes an approximating unit 431 that calculates a pre-cor-
rection feature amount before an attenuation correction process is performed by performing the approximate process
on the frequency spectrum calculated by the frequency analyzing unit 42, and an attenuation correcting unit 432 that
extracts a feature amount by performing the attenuation correction process on the pre-correction feature amount ap-
proximated by the approximating unit 431.

[0041] The approximating unit 431 performs linear approximation with respect to the frequency spectrum by means
of regression analysis so as to extract pre-correction feature amount that characterizes the approximated linear expres-
sion. Specifically, the approximating unit 431 calculates a slope a4 and the intercept b, of the linear expression by the
regression analysis, as well as calculates a specific spectrum intensity c4 in a specific frequency (the third frequency)
within the frequency band in the frequency spectrum as the pre correction feature amount. Here, the "spectrum intensity"
represents any one of parameters such as a voltage, power, sound pressure, and acoustic energy. In the firstembodiment,
the approximating unit 431 calculates spectrum intensity (Mid-band fit) ¢, (= a4fy;p + b4) in a central frequency fyp (=
(fLow * frign) /2) as the specific spectrum intensity c4. A straight line L, illustrated in FIG. 4 refers to a regression line
corresponding to the linear expression having the pre-correction feature amount a4, b4, and ¢4 which the approximating
unit431 has extracted from the frequency spectrum curve C,. Here, the intercept b, corresponds to the spectrum intensity
in which the frequency f is zero (0). Hereinafter, the frequency f (= 0) corresponding to the intercept b, is referred to as
the fourth frequency. Further, the approximate polynomial calculated by the feature amount extracting unit 43 is not
limited to the linear expression and may be a quadratic or more approximate polynomial.

[0042] Among the three feature amounts, the slope a, has a correlation with the size of a scatterer of an ultrasonic
wave, and as the size of the scatterer increases, the value of the slope decreases. In addition, the intercept b, has a
correlation with the size of a scatterer, an acoustic impedance ratio of a scatterer and a peripheral material, and the
number of scatterers per unit volume. The spectrum intensity (hereinafter, referred to simply as "central frequency
intensity") c4 in the central frequency fyp is an indirect parameter calculated based on the slope a; and the intercept
b4, and provides the spectrum intensity in the center of the effective frequency band. For this reason, the central frequency
intensity ¢4 has a correlation with luminance of a B-mode image obtained by converting an amplitude of an echo signal
into luminance in addition to the size of a scatterer, an acoustic impedance ratio of a scatterer and a peripheral material,
and the number of scatterers per unit volume.

[0043] The feature amount is not limited to a4, b4, and c4. For example, it is possible to set an arbitrary frequency f’
that satisfies f gy < f < fygn instead of f = fyp as the third frequency and employ the spectrum intensity in the third
frequency f as the feature amount. Further, it is possible to set an arbitrary frequency " that satisfies f* < f o, or ' >
faign instead of f = 0 as the fourth frequency and employ the spectrum intensity in the fourth frequency ' as the feature
amount.

[0044] Next, correction performed by the attenuation correcting unit 432 will be described. An attenuation amount A
of an ultrasonic wave is represented by the following formula:
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A = 2azf (1)

, Where o represents an attenuation rate, z represents a reception depth of an ultrasonic wave, and f represents the
frequency. As can be seen from Formula (1), the attenuation amount A is in proportion to the frequency f. In case of a
living body, a concrete value of the attenuation rate o is 0 to 1.0 (dB/cm/MHz), and preferably 0.3 to 0.7 (dB/cm/MHz),
and decided according to the type of observation target. For example, when an observation target is a pancreas, a is
decided as 0.6 (dB/cm/MHz). In addition, in the first embodiment, the value of the attenuation rate o may be changed
according to an input from the input unit 6.

[0045] The attenuation correcting unit 432 corrects the pre-correction feature amount (the slope ay, the intercept by,
and the central frequency intensity c4) extracted by the approximating unit 431 as follows.

a = a + 20z (2)
b = b (3)
c = ¢y + 20zfump (= afymp + b) (4)

As can be seen from Formulas (2) and (4), in the attenuation correction which the attenuation correcting unit 432 performs
on the slope a4 and the central frequency intensity c4, as the reception depth z of the ultrasonic wave increases, the
correction amount increases. Further, as can be seen from Formula (3), the attenuation correction which the attenuation
correcting unit 432 performs on the intercept b, is identity transformation. It is because the intercept b, is a frequency
component corresponding to the frequency f (=0) and thus not attenuated.

[0046] FIG. 5is adiagram illustrating a straight line decided based on a feature amount after the attenuation correction
is performed on the feature amount associated with the straight line L, illustrated in FIG. 4. A straight line L4’ illustrated
in FIG. 5 is represented by the following formula:

I=af+b=(a1+20cZ)f+b1 (5)

As can be seen from Formula (5), the straight line L4’ is larger (a > a,) in the slope than, equal (b = b,) in the intercept
to, and larger (c > c4) in the central frequency intensity than the straight line L.

[0047] The image processing unit 5 includes a B-mode image data generating unit 51 that generates B-mode image
data based on an echo signal and a feature amount image data generating unit 52 that generates feature amount image
data which indicates visual information corresponding to a feature amount of a frequency spectrum.

[0048] The B-mode image data generating unit 51 generates B-mode image data by performing signal processing on
a digital signal using known techniques such as a band pass filter, a logarithmic conversion, a gain process, and a
contrast process and performing data interleaving corresponding to a data step width decided according to a display
range of an image in the display unit 7.

[0049] The feature amount image data generating unit 52 assigns an absolute value |b - ¢| of a difference (hereinafter,
referred to as an "intensity difference") between the intercept b (the first spectrum intensity) and the central frequency
intensity c (the second spectrum intensity) to a hue (first visual information) and assigns the intercept b or the central
frequency intensity c to brightness and/or chroma (the second visual information) to generate feature amount image
data including a feature amount image which visually indicates the distribution of the feature amounts. The reason of
the association will be described with reference to FIGS. 6A to 9.

[0050] FIGS. 6A and 6B are diagrams schematically illustrating two regions that differ in the size of a scatterer in the
same tissue. Specifically, FIG. 6A is a diagram illustrating normal tissue, and FIG. 6B is a diagram illustrating tissue
including abnormality such as an inflammation or a tumor. A tissue 101 illustrated in FIG. 6A includes a real tissue 101a
(indicated by dots) such as a lobule and a connective tissue 101b (indicated by a dark portion) that connects fibrae with
each other. Similarly, a tissue 102 illustrated in FIG. 6B includes a real tissue 102a (indicated by dots) and a connective
tissue 102b (indicated by a dark portion). Here, when FIG. 6A is compared with FIG. 6B, the real tissue 101a is generally
larger than the real tissue 102a. It can be interpreted as meaning that, for example, a part of the real tissue 101a is
replaced with a fibra and thus its volume is reduced.

[0051] Generally, an ultrasonic wave is mainly scattered in the boundary between the real tissue and the connective
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tissue. For this reason, when the real tissue serving as a scatterer is small, a ratio of a transmitted wave that transmits
tissue increases, and thus intensity of a backscattered wave decreases. FIG. 7 is a diagram illustrating this status. In
FIG. 7, the frequency spectrum curves C; and C, are spectrum curves which differ in the size of a scatterer. Specifically,
the scatterer corresponding to the frequency spectrum curve C, is larger than the scatterer corresponding to the frequency
spectrum curve C,. In this case, when the straight line L, obtained by approximating the frequency spectrum curve C,
is compared with the straight line L, obtained by approximating the frequency spectrum curve C,, the straight line L, is
larger in the absolute value |b - ¢| of the intensity difference than the straight line L4 (|b4 - ¢4| < |b, - c,v). In addition, the
straight line L, is smaller in the intercept b and the central frequency intensity ¢ than the straight line L4 (b4 <b,, ¢4 <c)).
[0052] FIG. 8 is a diagram illustrating frequency spectrums of two tissues which are almost the same in the size of a
scatterer as each other but differ in the acoustic impedance ratio in the boundary between the scatterer and its peripheral
material (hereinafter, referred to simply as a "acoustic impedance ratio") or the number of scatterers per unit volume
(hereinafter, referred to as "density of scatterers") from each other. In FIG. 8, the frequency spectrum curve C5 is smaller
in the acoustic impedance ratio or the density of scatterers than the frequency spectrum curve C,. Here, when the
straight line L, obtained by approximating the frequency spectrum curve C, is compared with the straight line L5 obtained
by approximating the frequency spectrum curve Cs, the straight line L, is almost equal in the absolute value |b - ¢| of
the intensity difference the straight line L5 (|b4 - ¢4 ~ |b, - ¢5|). In addition, the straight line L5 is smaller in the intercept
b and the central frequency intensity ¢ than the straight line L (b > b3, ¢4 > ¢3).

[0053] Based on the description made with reference to FIGS. 7 and 8, it is possible to distinguish tissues that differ
in the size of a scatterer and tissues that differ in the acoustic impedance ratio or the density of scatterers from each
other using the absolute value |b - ¢| of the intensity difference.

[0054] FIG. 9is a diagram illustrating an example in which a hue to be assigned in the feature amount image changes
according to the absolute value of the intensity difference. A straight line hy illustrated in FIG. 9 represents an example
in which a hue H is in a linear relation with the absolute value |b - | of the intensity difference. A curve h, illustrated in
FIG. 9 represents an example in which the hue H is represented by a quadratic function of the absolute value |b - c| of
the intensity difference. Further, a step-like curve hj illustrated in FIG. 9 represents an example in which the hue H is
binarized according to the absolute value |b - c| of the intensity difference. Further, the hue H may be a function of a
ratio (an intensity ratio) b/c of the intercept b and the central frequency intensity c. In addition, the hue H may be multi-
valued in the form of a step according to the absolute value |b-c| of the intensity difference.

[0055] Next, the reason of associating the intercept b or the central frequency intensity ¢ with brightness or chroma
will be described. Generally, in an ultrasonic image, it is known that in a vascular channel and a noise region, the intercept
b and the central frequency intensity ¢ decrease. For this reason, when low brightness or chroma is associated with a
region which is low in the intercept b or the central frequency intensity c, it is possible to display a vascular channel and
noise in an unrecognizable form (black or gray) different from a real tissue.

[0056] As can be understood from the reason for the association described above, in the feature amount image
generated by the feature amount image data generating unit 52, regions which differ in the size of a scatterer are
displayed in different hues. Further, in the feature amount image, regions which are equal in the size of a scatterer but
differ in the acoustic impedance ratio or the density of scatterers is displayed in almost the same hue but at different
brightness or chroma.

[0057] Next, the configuration of the ultrasonic observation apparatus 1 will be described. The input unit 6 is imple-
mented using an interface such as a keyboard, a mouse, and a touch panel. The input unit 6 receives an input of
information designating a region (hereinafter, referred to as a "region of interest") of an image in which the user of the
ultrasonic observation apparatus 1 who has observed an image generated by the image processing unit 5 is interested.
[0058] The storage unit 8 includes a gain information storage unit 81 that stores information of a gain to which the
signal amplifying unit 31 and the amplification correcting unit 41 refer at the time of the amplifying process, a window
function storage unit 82 that stores a window function used when the frequency analyzing unit 42 performs a frequency
analysis process, and a correction information storage unit 83 that stores correction information to which the attenuation
correcting unit 432 refers at the time of execution of processing.

[0059] The gain information storage unit 81 stores the relation between the reception depth and the gain illustrated in
FIGS. 2 and 3. The window function storage unit 82 stores at least one of window functions such as Hamming, Hanning,
and Blackman. The correction information storage unit 83 stores information related to conversion of Formulas (2) to (4).
[0060] The storage unit 8 is implemented using read only memory (ROM) in which an operation program of the
ultrasonic observation apparatus 1, a program to activate a predetermined operating system (OS), or the like is stored
in advance and random access memory (RAM) in which a calculation parameter or data of each process is stored.
[0061] The control unit 9is implemented using a central processing unit (CPU) having calculation and control functions.
The control unit 9 controls the ultrasonic observation apparatus 1 in general by reading information stored in the storage
unit 8 and various kinds of programs including an operation program of the ultrasonic observation apparatus from the
storage unit 8 and executing various kinds of calculation processes related to an operation method of the ultrasonic
observation apparatus 1.
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[0062] In addition, the operation program of the ultrasonic observation apparatus 1 may be recorded in a computer
readable recording medium such as a hard disk, a flash memory, a CD-ROM, a DVD-ROM, or a flexible disk and widely
distributed.

[0063] FIG. 10isaflowchartillustrating a processing outline of the ultrasonic observation apparatus 1 with the above-de-
scribed configuration. In FIG. 10, first the ultrasonic observation apparatus 1 measures a new specimen through the
ultrasonic probe 2 (step S1).

[0064] Next, the signal amplifying unit 31 that has received an echo signal from the ultrasonic probe 2 amplifies the
echo signal (step S2). Here, the signal amplifying unit 31 performs the amplification based on the relation between the
gain and the reception depth illustrated in FIG. 2.

[0065] Thereafter, the B-mode image data generating unit 51 generates B-mode image data using the echo signal for
the B-mode image output from the transmitting-receiving unit 3 (step S3).

[0066] Next, the control unit 9 performs control such that the B-mode image corresponding to the B-mode image data
generated by the B-mode image data generating unit 51 is displayed on the display unit 7 (step S4). FIG. 11 is a diagram
illustrating a display example of the B-mode image in the display unit 7. A B-mode image 200 illustrated in FIG. 11 is a
gray scale image in which values of R (red), G (green), and B (blue) which are variables of an RGB colorimetric system
are matched.

[0067] Thereafter, if a region of interest is set through the input unit 6 (Yes in step S5), the amplification correcting
unit 41 performs correction on a signal output from the transmitting-receiving unit 3 such that a gain becomes constant
regardless of a reception depth (step S6). Here, the amplification correcting unit 41 performs the amplification correction
process based on the relation between the gain and the reception depth illustrated in FIG. 3. A region corresponding to
the entire B-mode image may be set as a region of interest. In this case, instructions to display the feature amountimage
data also function as setting instructions of a region of interest.

[0068] However, if the region of interest is not set (No in step S5) and instructions to end the process are input through
the input unit 6 (Yes in step S7), the ultrasonic observation apparatus 1 ends the process. However, if the region of
interest is not set (No in step S5) and the instructions to end the process are not input through the input unit 6 (No in
step S7), the ultrasonic observation apparatus 1 causes the process to return to step S5.

[0069] After step S6, the frequency analyzing unit 42 performs the frequency analysis through the FFT calculation
and calculates a frequency spectrum (step S8). In step S8, an entire region of animage may be set as a region of interest.
[0070] Here, the process (step S8) performed by the frequency analyzing unit 42 will be described in detail with
reference to a flowchart of FIG. 12. First, the frequency analyzing unit 42 sets an acoustic ray number L of an acoustic
ray initially used as an analysis target to an initial value L (step S21). For example, the initial value Ly may be assigned
to anacousticray initially received by the transmitting-receiving unit 3 or may be assigned to an acoustic ray corresponding
to either of right and left boundary positions of the region of interest set through the input unit 6.

[0071] Next, the frequency analyzing unit42 calculates frequency spectrums of all of a plurality of points (data positions)
set on one acoustic ray. First, the frequency analyzing unit 42 sets an initial value Z, of a data position Z (which
corresponds to a reception depth) representing a series of data groups (FFT data groups) acquired for FFT calculation
(step S22). FIG. 13 is a diagram schematically illustrating a data array of one acousticray. In an acoustic ray LD illustrated
in FIG. 13, a white or black rectangle means one data. The acoustic ray LD is discretized at time intervals corresponding
to a sampling frequency (for example, 50 MHz) in A/D conversion performed by the transmitting-receiving unit 3. FIG.
13 illustrates an example in which first data of the acoustic ray LD is set as an initial value Z, of the data position Z. FIG.
13 is merely an example, and the position of the initial value Z; can be arbitrarily set. For example, a data position Z
corresponding to an upper end position of a region of interest may be set as the initial value Z,.

[0072] Thereafter, the frequency analyzing unit 42 acquires the FFT data group of the data position Z (step S23), and
applies the window function stored in the window function storage unit 82 to the acquired FFT data group (step S24).
As described above, by applying the window function to the FFT data group, it is possible to prevent the FFT data group
from being discontinuous in the boundary and thus prevent generation of an artifact.

[0073] Next, the frequency analyzing unit 42 determines whether or not the FFT data group of the data position Z is
a normal data group (step S25). The FFT data group needs to have data which is equal in number to data of a power
of 2. Hereinafter, the number of data of the FFT data group is referred to as 2" (n is a positive integer). Here, what the
FFT data group is normal means that the data position Z is a 2"-1-th data position from the front in the FFT data group.
In other words, what the FFT data group is normal means that data which is equal in number to 2"1 - 1 (= N) exists
ahead of the data position Z, and data which is equal in number to 21 (= M) exists behind the data position Z. In the
example illustrated in FIG. 13, nis 4 (N =7, M = 8), and FFT data groups F,, F3, and Fy_; are normal, but FFT data
groups F, and Fy are abnormal.

[0074] Here, when it is determined in step S25 that the FFT data group of the data position Z is normal (Yes in step
S25), the frequency analyzing unit 42 causes the process to proceed to step S27.

[0075] However, when it is determined in step S25 that the FFT data group of the data position Z is not normal (No
in step S25), the frequency analyzing unit 42 inserts zero data by a deficit and thus generates a normal FFT data group
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(step S26). The FFT data group determined as being abnormal in step S25 is subjected to the window function before
zero data is added. For this reason, even when zero data is inserted into the FFT data group, data discontinuity does
not occur. After step S26, the frequency analyzing unit 42 causes the process to proceed to step S27 which will be
described below.

[0076] Instep S27, the frequency analyzing unit 42 performs a FFT calculation using the FFT data group and acquires
a frequency spectrum (step S27). The spectrum curve C, illustrated in FIG. 4 may be acquired as an example of the
frequency spectrum.

[0077] Next, the frequency analyzing unit 42 adds a predetermined data step width D to the data position Z and
calculates a data position Z of an FFT data group of a next analysis target (step S28). Here, the data step width D
preferably matches with the data step width used when the B-mode image data generating unit 51 generates the B-
mode image data, but when it is desired to reduce a computation cost in the frequency analyzing unit 42, the data step
width D may be set to be larger than the data step width used by the B-mode image data generating unit 51. FIG. 13
illustrates an example in which the data step width D is 15.

[0078] Thereafter, the frequency analyzing unit 42 determines whether or not the data position Z is larger than a last
data position Z,,,,, (step S29). Here, the last data position Z,,,, may be set to a data length of the acoustic ray LD or
may be set to a data position corresponding to a lower end of a region of interest. Here, when it is determined that the
data position Z is larger than the last data position Z,,, (Yes in step S29), the frequency analyzing unit 42 increases
the acoustic ray number L by one (1) (step S30). However, when it is determined that the data position Z is the last data
position Z,.., or less (No in step S29), the frequency analyzing unit 42 causes the process to return to step S23. In the
above-described way, the frequency analyzing unit 42 performs the FFT calculation on FFT data groups which are equal
in number to [{(Zax - Zo)/D} + 1] (= K) with respect to one acoustic ray LD. Here, [X] represents a maximum integer that
does not exceed X.

[0079] Here, when the acoustic ray number L increased in step S30 is larger than a last acoustic ray number L ..
(Yes in step S31), the frequency analyzing unit 42 causes the process to return to the main routine illustrated in FIG.
10. However, when the acoustic ray number L increased in step S30 is the last acoustic ray number L, or less (No in
step S31), the frequency analyzing unit 42 causes the process to return to step S22.

[0080] In this way, the frequency analyzing unit 42 performs the FFT calculations K times on each of (L5« - Lo + 1)
acoustic rays. For example, the last acoustic ray number L5, may be assigned to the last acoustic ray received by the
transmitting-receiving unit 3 or may be assigned to the acoustic ray corresponding to either of left and right boundaries
of aregion of interest. Hereinafter, the total number (L., - Lo + 1) X Kof FFT calculations which the frequency analyzing
unit 42 performs all acoustic rays is referred to as P.

[0081] Subsequentto the frequency analysis process of step S8 described above, the approximating unit 431 performs
regression analysis on the P frequency spectrums calculated by the frequency analyzing unit 42 as the approximate
process and extracts the pre-correction feature amount (step S9). The straight line L, illustrated in FIG. 4 is a regression
line corresponding to a linear expression to which the pre-correction feature amount extracted by the approximating unit
431 is assigned.

[0082] Thereafter, the attenuation correcting unit 432 performs the attenuation correction process on the pre-correction
feature amount extracted by the approximating unit 431 (step S10). The attenuation correcting unit 432 calculates the
feature amount of the frequency spectrum by obtaining the data position Z based on a sampling frequency of data and
substituting the data position Z to the reception depth z of Formulas (2) to (4). As a result, for example, a straight line
corresponding to a linear expression (see Formula (5)) in which the straight line L, illustrated in FIG. 5 is corrected is
obtained. A concrete example of a calculation performed by the attenuation correcting unit 432 will be described. Here,
when a sampling frequency of data is 50 MHz, a data sampling time interval is 1/50 (MHz) = 20 (nsec). Here, when the
speed of sound is 1530 (m/sec), a data sampling distance interval is 1530 (m/sec) X 20 (nsec) / 2 (= 0.0153 (mm)).
Here, when a data step number from first data of an acoustic ray LD up to a data position of a FFT data group of a
processing target is k, the data position Z of 0.0153 k (mm) is obtained.

[0083] By performing the attenuation correction in the above-described way, signal intensity decreases due to influence
of attenuation in a region having a large reception depth, it is possible to suppress an image from being darkened and
obtain an image having uniform brightness on an entire screen.

[0084] Next, the feature amount image data generating unit 52 generates feature amount image data indicating visual
information corresponding to the feature amount extracted by the feature amount extracting unit 43 (step S11).

[0085] Thereafter, the display unit 7 displays the feature amount image generated by the feature amount image data
generating unit 52 (step S12). FIG. 14 is a diagram illustrating the feature amount image displayed by the display unit
7. FIG. 15 is a diagram schematically illustrating an image illustrated in FIG. 14 in black and white. In feature amount
images 300 illustrated in FIGS. 14 and 15, hues of regions that differ in the size of a scatterer, that is, hues of regions
corresponding to abnormal tissue are displayed in red (a region 300r of FIG. 15), whereas a hue of a region corresponding
to normal tissue is displayed in blue (a blue region 300b of FIG. 15). It is obvious that, in FIG. 15, the red region 300r
and the blue region 300b are not displayed in a single color. For example, the red region 300r is a region in which pixels
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having a color close to red are collected. Similarly, the blue region 300b is a region in which pixels having a color close
to blue are collected. In the feature amount images 300, regions that differ in the acoustic impedance ratio or the density
of scatterers are the same in hue but different in brightness from each other. Particularly, in the feature amount images
300, a portion corresponding to a vascular channel or noise is displayed in black in an unrecognizable form. According
to the feature amount images 300, it is possible to understand the distribution of the acoustic impedance ratio or the
density of scatterers (density) and the distribution of the size of the scatterer based on a combination of brightness and
a hue. Thus, if the feature amount image is generated using a plurality of feature amounts, there is an advantage of
obtaining much information at a time. The slope a or the intercept b may be associated with a hue, and the central
frequency intensity ¢ may be associated with brightness and/or chroma.

[0086] Through the above-described process, the ultrasonic observation apparatus 1 ends a series of processes. The
ultrasonic observation apparatus 1 may periodically repeat the process of steps S1 to S11.

[0087] According to the first embodiment of the present invention described above, the feature amount image is
generated on the frequency spectrum approximated by the polynomial such that two spectrum intensities respectively
corresponding to two frequencies included in the polynomial are associated with different visual information. Thus, the
feature amountimage can be generated based on information of the frequency spectrum having a characteristic according
to the tissue characterization. Thus, it is possible to display a vascular channel or noise in tissue of an observation target
to be distinguished from another tissue, and it is possible to clearly display the difference in the tissue characterization.
[0088] Further, according to the first embodiment, the B-mode image data is generated based on the signal which has
been subjected to STC correction in which amplification is performed at the gain according to the reception depth. In
addition, after amplification correction of offsetting influence of STC correction and making the gain constant is performed,
the frequency spectrum is calculated to extract the pre-correction feature amount, the feature amount of the frequency
spectrum is extracted by executing the attenuation correction on the extracted pre-correction feature amount, and the
feature amount image data which indicates the visual information corresponding to the extracted feature amount is
generated. Thus, influence of attenuation accompanying transmission of an ultrasonic wave in the feature amountimage
data is excluded, and it is unnecessary to separately transmit a signal for a B-mode image and a signal for a feature
amountimage. Thus, itis possible to properly exclude influence of attenuation accompanying transmission of an ultrasonic
wave, and it is possible to prevent a frame rate of image data generated based on a received ultrasonic wave from being
lowered.

[0089] Furthermore, according to the firstembodiment, the feature amountimage is displayed using the feature amount
of the frequency spectrum which has been properly subjected to the attenuation correction, and thus the user can clearly
recognize the difference in the tissue characterization.

[0090] In addition, according to the first embodiment, a hue asociated with a function of a difference or a ratio between
an intercept and specific spectrum intensity is used as the first visual information, and brightness or chroma associated
with an intercept or specific spectrum intensity is used as the second visual information. Thus, the feature amount image
can be generated based on the size of a scatterer in a tissue and the difference in the acoustic impedance ratio or the
density of scatterers between a scatterer and a peripheral material. Thus, it is possible to identify the tissue character-
ization. As a result, the user can appropriately use the feature amount image as a guide of invasion depth diagnosis,
progress level diagnosis (for example, distinguishing of vascular invasion), or centesis.

[0091] As a modification of the first embodiment, the control unit 9 may perform the amplification correction process
in the amplification correcting unit 41 and the attenuation correction process in the attenuation correcting unit 432
together. For this process, the amplification correction process in step S6 of FIG. 10 is not performed, and a definition
of an attenuation amount of the attenuation correction process in step S10 of FIG. 10 is changed as in the following
Formula (6):

A" = 20zf + y(z) (6)

Here, y(z) at a right side represents a difference between gains  and B in the reception depth z and is represented by
the following formula (7):

¥(z) = ={(Ben = Bo)/ztn}z + Pen = Bo (z <zn) (7)

0 (z > Zen) (8)

-2
N
Il

[0092] Further, in the first embodiment, when the feature amount image is generated, a single feature amount may
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be associated with the visual information. FIG. 16 is a diagram illustrating a display example of a feature amount image
generated by associating the central frequency intensity ¢ with brightness. According to a feature amount image 400
illustrated in FIG. 16, it is possible to understand the acoustic impedance ratio or the distribution in the density of
scatterers. FIG. 17 is a diagram illustrating a display example of a feature amount image generated by associating the
slope a with brightness. According to a feature amount image 500 illustrated in FIG. 17, it is possible to understand the
distribution in the size of a scatterer. As described above, it is possible to understand tissue characterization according
to a characteristic of an individual feature amount through a feature amount image using a single feature amount.
[0093] In addition, the ultrasonic observation apparatus 1 may have a function of switching and displaying a plurality
of types of feature amount images (for example, the feature amount images 300, 400, and 500 illustrated in FIGS. 14
to 17) that differ from each other in an association between the feature amount and the visual information. In this case,
for example, a use method in which a feature amountimage using a plurality of feature quantities by screening positioning
is first displayed on the display unit 7, and then a feature amount image using a single feature amount is used on a
portion in which the observer has found abnormality is considered. In this way, it is possible to use a plurality of feature
amount images through switching, and thus the user can more strictly evaluate tissue characterization of an abnormal
portion.

[0094] Further, the feature amount image data generating unit 52 may generate the feature amount image data by
mixing the B-mode image data with color image data at a predetermined ratio. Further, the feature amount image data
generating unit 52 may generate the feature amount image data by replacing a region of interest with color image data.
[0095] Furthermore, an area between a frequency spectrum curve and a frequency axis (for example, an f axis in FIG.
4) in a frequency band f_ o\ < f < fy gy May be used as a feature amount.

(Second Embodiment)

[0096] A second embodiment of the present invention differs from the first embodiment in the feature amount extracting
process performed by the feature amount extracting unit. A configuration of an ultrasonic observation apparatus according
to the second embodiment is the same as the configuration of the ultrasonic observation apparatus 1 according to the
first embodiment. Thus, in the following description, components corresponding to the components of the ultrasonic
observation apparatus 1 are denoted by the same reference numerals.

[0097] In the feature amount extracting process according to the second embodiment, first the attenuation correcting
unit 432 performs the attenuation correction process on the frequency spectrum calculated by the frequency analyzing
unit 42. Thereafter, the approximating unit 431 extracts the feature amount of the frequency spectrum by performing the
approximate process on the frequency spectrum which has been subjected to the attenuation correction through the
attenuation correcting unit 432.

[0098] FIG. 18 is a flowchart illustrating a processing outline of the ultrasonic observation apparatus 1 according to
the second embodiment. The process of steps S41 to S48 in FIG. 18 sequentially corresponds to the process of steps
S1to S8in FIG. 10.

[0099] In step S49, the attenuation correcting unit 432 performs the attenuation correction on the frequency spectrum
which the frequency analyzing unit 42 has calculated through the FFT calculation (step S49). FIG. 19 is a diagram
schematically illustrating an outline of the attenuation correction process of step S49. As illustrated in FIG. 19, the
attenuation correcting unit 432 obtains a new frequency spectrum curve C,’ by performing correction of adding the
attenuation amount A of Formula (1) to intensity | on all of frequencies f with respect to the frequency spectrum curve
C,. As aresult, it is possible to obtain a frequency spectrum in which contribution of attenuation accompanying trans-
mission of an ultrasonic wave is reduced.

[0100] Thereafter, the approximating unit 431 extracts the feature amount of the frequency spectrum by performing
the regression analysis on all of the frequency spectrums which have been subjected to the attenuation correction
through the attenuation correcting unit 432 (step S50). Specifically, the approximating unit 431 calculates the slope a,
the intercept b, and the central frequency intensity c of the linear expression through the regression analysis. A straight
line L, illustrated in FIG. 19 is a regression line (an intercept b,) obtained by performing the feature amount extracting
process on the frequency spectrum curve C,’ in step S50.

[0101] The process of steps S51 and S52 sequentially corresponds to the process of steps S11 and S12 of FIG. 4.
[0102] According to the second embodiment of the present invention described above, the feature amount image is
generated on the frequency spectrum approximated by the polynomial such that two spectrum intensities respectively
corresponding to two frequencies included in the polynomial are associated with different visual information. Thus, the
feature amountimage can be generated based on information of the frequency spectrum having a characteristic according
to the tissue characterization. Thus, it is possible to display a vascular channel or noise in tissue of an observation target
to be distinguished from another tissue, and it is possible to clearly display the difference in the tissue characterization.
[0103] Further, according to the second embodiment, the B-mode image data is generated based on the signal which
has been subjected STC correction in which amplification is performed at the gain according to the reception depth. In
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addition, the frequency spectrum is calculated after amplification correction of offsetting influence of STC correction and
making the gain constant regardless of the reception depth is performed, the feature amount is extracted after the
attenuation correction is executed on the frequency spectrum, and the feature amount image data which indicates the
visual information corresponding to the extracted feature amount is generated. Thus, influence of attenuation accom-
panying transmission of an ultrasonic wave in the feature amount image data is excluded, and it is unnecessary to
separately transmit a signal for a B-mode image and a signal for a feature amount image. Thus, similarly to the first
embodiment, itis possible to properly exclude influence of attenuation accompanying transmission of an ultrasonic wave,
anditis possible to prevent a frame rate ofimage data generated based on a received ultrasonic wave from being lowered.
[0104] Furthermore, according to the second embodiment, the feature amount image is displayed using the feature
amount of the frequency spectrum which has been properly subjected to the attenuation correction, and thus the user
can clearly recognize the difference in the tissue characterization.

[0105] Further, in the second embodiment, the amplification correction process in step S46 of FIG. 18 may not be
performed, and an attenuation amount when the attenuation correction of the frequency spectrum is performed in step
S49 of FIG. 18 may be processed as A’ of Formula (6).

(Third Embodiment)

[0106] FIG. 20 is a block diagram illustrating a configuration of an ultrasonic observation apparatus according to a
third embodiment of the present invention. An ultrasonic observation apparatus 11 illustrated in FIG. 20 differs from the
ultrasonic observation apparatus 1 according to the first embodiment in a configuration of a calculating unit and a storage
unit. In the following description, components corresponding to the components of the ultrasonic observation apparatus
1 are denoted by the same reference numerals.

[0107] A calculating unit 12 includes an amplification correcting unit 41, a frequency analyzing unit 42, a frequency
band setting unit 121 that sets a frequency band used when the frequency spectrum calculated by the frequency analyzing
unit 42 is approximated, a correction frequency spectrum calculating unit 122 that calculates the correction frequency
spectrum by correcting the frequency spectrum calculated by the frequency analyzing unit 42 based on a predetermined
reference spectrum stored in a storage unit 13, and a feature amount extracting unit 43 that extracts the feature amount
of the correction frequency spectrum calculated by the correction frequency spectrum calculating unit 122.

[0108] The frequency band setting unit 121 sets a frequency band with reference to a frequency band table (which
will be described later) stored in the storage unit 13. The reason of changing the setting of the frequency band for each
reception depth as described above is because an ultrasonic wave is attenuated as fast as a high-frequency component,
and thus an echo signal received from a portion having a large reception depth is likely to lose valid information of a
high-frequency component and include invalid information. In this regard, in the third embodiment, a frequency band is
set such that as the reception depth increases, a bandwidth decreases, and a maximum frequency decreases.

[0109] The correction frequency spectrum calculating unit 122 calculates a correction frequency spectrum by calcu-
lating a difference between a reference spectrum and a frequency spectrum for each reception depth with reference to
reference spectrum information (which will be described later) stored in the storage unit 13. As described above, correction
of a frequency spectrum is performed for each reception depth due to the same reason as in the setting of the frequency
band.

[0110] The feature amount extracting unit 43 includes an approximating unit 431 that calculates the feature amount
(the pre-correction feature amount) of the correction frequency spectrum by performing the approximate process on the
correction frequency spectrum calculated by the correction frequency spectrum calculating unit 122, and an attenuation
correcting unit 432 that extracts the feature amount of the frequency spectrum by performing the attenuation correction
on the pre-correction feature amount calculated by the approximating unit 431.

[0111] The storage unit 13 includes a frequency band information storage unit 131 that stores frequency band infor-
mation decided according to a reception depth of an ultrasonic wave and a reference spectrum information storage unit
132 that stores reference spectrum information according to a reception depth of an ultrasonic wave, in addition to the
gain information storage unit 81, a window function storage unit 82, and a correction information storage unit 83.
[0112] FIG. 21 is a diagram schematically illustrating a frequency band table serving as the frequency band information
stored in the frequency band information storage unit 131. A frequency band table 700 illustrated in FIG. 21 represents
a minimum frequency (f_ o) and a maximum frequency (fy,gn) for each reception depth of an ultrasonic wave. In the
frequency band table 700, as the reception depth increases, a bandwidth fyy g - fL oy decreases, and maximum frequency
fuign decreases. Further, in the frequency band table 700, when the reception depth is relatively small (2 to 6 cmin FIG.
21), influence of attenuation is small, and thus the frequency band does not change. On the other hand, when the
reception depth is relatively large (8 to 12 cmin FIG. 21), influence of attenuation becomes large, and thus the bandwidth
faigh - fLow decreases and moves to a low frequency side. Using the frequency band table 700, it is possible to extract
a signal having valid information and generate an image based on the extracted signal. Further, the frequency band
table 700 is individually set for each type (model) of the ultrasonic probe 2.
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[0113] The reference spectrum information storage unit 132 stores a frequency spectrum (hereinafter, referred to as
a "reference spectrum") calculated based on an echo signal reflected from a predetermined reference reflector and
acquired as frequency information in the reference reflector. For example, the reference reflector is an ideal reflector
that does not scatter, absorb, or transmit an ultrasonic wave. Further, the reference spectrum is calculated for each type
of the ultrasonic probe 2 and for each reception depth of the ultrasonic signal. Here, the reason of calculating reference
spectrums on different ultrasonic probes 2 is because a transducer and a waveform of a transmission wave differ
according to the type of ultrasonic probe 2. The reference reflector may not be a reflector which is ideal in the above-
described meaning.

[0114] FIG. 22 is a diagram schematically illustrating an outline of a process of generating the reference spectrum.
Asillustratedin FIG. 22, a transducer 22 disposed in the ultrasonic probe 2 forms an acoustic field SF which is substantially
symmetric to a moving direction (a vertical direction in FIG. 22) of an ultrasonic wave centering on a focus point. FIG.
22 illustrates a relation between the reception depth z and the intensity | of each of echo signals acquired by the ultrasonic
probe 2 when reference reflectors 10 are arranged on three points including the focus point. Here, when the reference
spectrum is calculated, the frequency analyzing unit 42 performs the frequency analysis using intensity data of the echo
signal reflected from the reference reflector 10 and calculates the reference spectrum, and stores the calculation result
in the reference spectrum information storage unit 132.

[0115] FIG. 23 is a flowchart illustrating a processing outline of the ultrasonic observation apparatus 11 having the
above-described configuration. The process of steps S61 to S68 in FIG. 23 sequentially corresponds to the process of
steps S1 to S8 described with reference to FIG. 10.

[0116] After the frequency analysis process of step S68, the frequency band setting unit 121 sets a frequency band
for each reception depth of an ultrasonic wave with reference to the frequency band table 700 stored in the frequency
band information storage unit 131 (step S69). The process of the frequency band setting unit 121 may be performed
together with the process of the frequency analyzing unit 42 or may be performed before the process of the frequency
analyzing unit 42.

[0117] Next, the correction frequency spectrum calculating unit 122 calculates a correction frequency spectrum by
reading and referring to the reception depth and the reference spectrum according to the type of the ultrasonic probe 2
from the reference spectrum information storage unit 132 and obtaining the difference between the reference spectrum
and the frequency spectrum calculated by the frequency analyzing unit 42 (step S70). FIG. 24 is a diagram schematically
illustrating an outline of a process of calculating the correction frequency spectrum on the frequency spectrum curve
C,. A curve B, illustrated in FIG. 24 illustrates a reference spectrum curve (hereinafter, referred to as a reference
spectrum curve B4) inthe frequency spectrum curve C,4. The correction frequency spectrum calculating unit 122 calculates
a correction frequency spectrum curve R, by obtaining the difference between the reference spectrum curve B4 and the
frequency spectrum curve C,.

[0118] Subsequently to step S70, the approximating unit 431 extracts the pre-correction feature amount by performing
the regression analysis on P frequency spectrums calculated by the frequency analyzing unit 42 as the approximate
process (step S871). Specifically, the approximating unit 431 extracts the slope a,’, the intercept b,’, and the central
frequency intensity ¢4’ which characterize the linear expression as the pre-correction feature amount by calculating the
linear expression to approximate the frequency spectrum of the frequency band f_ o/ < f < Fy gy’ through the regression
analysis. A straight line L’ illustrated in FIG. 24 is a regression line obtained by performing the regression analysis on
the frequency spectrum curve C, in step S71. In the third embodiment, setting of the frequency band and calculation of
the correction frequency spectrum are performed before the feature amount extracting process. Thus, according to the
third embodiment, it is possible to extract the same feature amount (corresponding to the straight line L,’) regardless of
the reception depth or the type of the ultrasonic probe 2.

[0119] Thereafter, the process of steps S72 to S74 sequentially corresponds to the process of steps S10 to S12 in
FIG. 10.

[0120] According to the third embodiment of the present invention described above, the feature amount image is
generated on the frequency spectrum approximated by the polynomial such that two spectrum intensities respectively
corresponding to two frequencies included in the polynomial are associated with different visual information. Thus, the
feature amountimage can be generated based on information of the frequency spectrum having a characteristic according
to the tissue characterization. Thus, it is possible to display a vascular channel or noise in tissue of an observation target
to be distinguished from another tissue, and it is possible to clearly display the difference in the tissue characterization.
[0121] Further, according to the third embodiment, the frequency spectrum is calculated by analyzing the frequency
of the received ultrasonic wave, the frequency band used to approximate the frequency spectrum is set, the frequency
spectrum is corrected based on the reference spectrum read from the storage unit that stores the reference spectrum
acquired based on the frequency of the ultrasonic wave received from the reference reflector, the pre-correction feature
amount is extracted by performing the approximate process on the corrected correction frequency spectrum, the feature
amountis extracted by performing the attenuation correction process to reduce contribution of attenuation of the ultrasonic
wave depending on the reception depth and the frequency of the ultrasonic wave on the extracted pre-correction feature
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amount, the feature amount image is generated based on the feature amount, and thus it is possible to generate the
feature amount image by which the difference in the tissue characterization can be clearly distinguished.

[0122] Furthermore, according to the third embodiment, the attenuation correction is executed on the extracted feature
amount, and thus it is possible to remove influence of attenuation accompanying transmission of an ultrasonic wave.
[0123] In addition, according to the third embodiment, the frequency band is set such that as the reception depth
increases, the bandwidth decreases, and the maximum frequency decreases. Thus, even in this meaning, it is possible
to remove influence of attenuation accompanying transmission of an ultrasonic wave.

(Fourth Embodiment)

[0124] FIG. 25 is a block diagram illustrating a configuration of an ultrasonic observation apparatus according to a
fourth embodiment of the present invention. An ultrasonic observation apparatus 14 illustrated in FIG. 25 performs
amplification for a B-mode image and amplification for a calculation in different ways when amplifying an echo signal.
Of components of the ultrasonic observation apparatus 14, components having the same function as in the ultrasonic
observation apparatus 1 are denoted by the same reference numerals as the components of the ultrasonic observation
apparatus 1.

[0125] A transmitting-receiving unit 15 includes a signal amplifying unit 151 that amplifies an echo signal. The signal
amplifying unit 151 amplifies an echo signal (hereinafter, referred to as a "B-mode image echo signal") which the image
processing unit 5 uses to generate B-mode image data and an echo signal (hereinafter, referred to as a "calculation
echo signal") which a calculating unit 16 uses to execute a calculation with different gains. Specifically, the signal
amplifying unit 151 performs STC correction in which an echo signal is amplified with a higher gain as the echo signal
has a larger reception depth as illustrated in FIG. 2 on the B-mode image echo signal, and performs a process of
performing amplification with a constant gain (B4) regardless of the reception depth as illustrated in FIG. 26 on the
calculation echo signal. The signal amplifying unit 151 performs amplification of the B-mode image echo signal and
amplification of the calculation echo signal while performing switching in units of frames or in units of lines.

[0126] The calculating unit 16 includes the frequency analyzing unit 42 and the feature amount extracting unit 43. In
the fourth embodiment, since it is unnecessary to perform amplification correction before the frequency analysis process
is performed, the calculating unit 16 does not include an amplification correcting unit.

[0127] The gain information storage unit 81 of the storage unit 8 stores the relation between the reception depth and
the gainillustrated in FIG. 26 in addition to the relation between the reception depth and the gainillustratedin FIGS. 2 and 3.
[0128] FIG. 27 is a flowchart illustrating a processing outline of the ultrasonic observation apparatus 14 having the
above-described configuration. Referring to FIG. 27, the ultrasonic observation apparatus 14 first measures a new
specimen through the ultrasonic probe 2 (step S81).

[0129] Next, the signal amplifying unit 151 that has received an echo signal from the ultrasonic probe 2 performs an
amplifying process on the echo signal for the B-mode image and an amplifying process on the echo signal for the
calculation, separately while switching between the amplifying process for the B-mode image and the amplifying process
for the calculation (step S82). The signal amplifying unit 151 performs amplification based on the relation between the
reception depth and the gain illustrated in FIGS. 2 and 26. Further, the switching between the amplifying process for the
B-mode image and the amplifying process for the calculation may be performed in units of frames or in units of lines.
[0130] Thereafter, the B-mode image data generating unit 51 generates B-mode image data using the B-mode image
echo signal output from the transmitting-receiving unit 3 (step S83).

[0131] Next, the control unit 9 performs control such that a B-mode image corresponding to the B-mode image data
generated by the B-mode image data generating unit 51 is displayed on the display unit 7 (step S84).

[0132] Thereafter, if a region of interest is set through the input unit 6 (Yes in step S85), the frequency analyzing unit
42 performs the frequency analysis through the FFT calculation and calculates the frequency spectrum (step S86). The
frequency analysis process is the same as the frequency analysis process described in the firstembodiment (see FIG. 12).
[0133] However, if the region of interest is not set in step S85 (No in step S85) and instructions to end the process
are input through the input unit 6 (Yes in step S87), the ultrasonic observation apparatus 14 ends the process. However,
if the region of interest is not set in step S85 (No in step S85) and the instructions to end the process are not input
through the inputunit 6 (No in step S87), the ultrasonic observation apparatus 14 causes the process to return to step S85.
[0134] The process of steps S88 to S91 performed subsequently to step S86 sequentially corresponds to the process
of steps S9 to S12 of FIG. 10.

[0135] According to the fourth embodiment of the present invention described above, the feature amount image is
generated on the frequency spectrum approximated by the polynomial such that two spectrum intensities respectively
corresponding to two frequencies included in the polynomial are associated with different visual information. Thus, the
feature amountimage can be generated based on information of the frequency spectrum having a characteristic according
to the tissue characterization. Thus, it is possible to display a vascular channel or noise in tissue of an observation target
to be distinguished from another tissue, and it is possible to clearly display the difference in the tissue characterization.
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[0136] Further, according to the fourth embodiment, the feature amount of the frequency spectrum is extracted such
that the approximate process is performed on the frequency spectrum obtained by analyzing the frequency of the received
ultrasonic wave, and then the attenuation correction process to reduce contribution of attenuation of an ultrasonic wave
depending on the reception depth and the frequency of an ultrasonic wave is performed. Thus, it is possible to remove
influence of attenuation accompanying transmission of an ultrasonic wave.

[0137] Hereinbefore, the embodiments for embodying the present invention have been described, but the present
invention is not limited to the first to fourth embodiments.

[0138] For example, the ultrasonic observation apparatus according to the present invention may automatically de-
termine tissue characterization of observation target tissue and display the determination result. Specifically, the ultrasonic
observation apparatus determines the tissue characterization based on known specimen information in which a feature
amount of a frequency spectrum previously extracted on a known specimen is associated with tissue characterization
and a feature amount of a frequency spectrum extracted from observation target tissue, generates an image correspond-
ing to the determination result, and displays the image. In this case, the feature amount extracting process performed
on the known specimen is preferably the same as that performed on the observation target.

[0139] As described above, the present invention can include various embodiments within a range not departing from
a technical spirit set forth in claims.

EXPLANATIONS OF LETTERS OR NUMERALS

[0140]
1,11, 14 ultrasonic observation apparatus
2 ultrasonic probe
3,15 transmitting-receiving unit
4,12, 16 calculating unit
5 image processing unit
6 input unit
7 display unit
8,13 storage unit
9 control unit
10 reference reflector
21 signal converting unit
22 transducer
31, 151 signal amplifying unit
41 amplification correcting unit
42 frequency analyzing unit
43 feature amount extracting unit
51 B-mode image data generating unit
52 feature amount image data generating unit
81 gain information storage unit
82 window function storage unit
83 correction information storage unit
101, 102 tissue
101a, 102a real tissue
101b, 102b connective tissue
121 frequency band setting unit
122 correction frequency spectrum calculating unit
200 B-mode image
300,400,500 feature amount image
431 approximating unit
432 attenuation correcting unit
700 frequency band table
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1. An ultrasonic observation apparatus that transmits an ultrasonic wave to a specimen and receives the ultrasonic
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wave reflected from the specimen, the ultrasonic observation apparatus comprising:

a frequency analyzing unit that analyzes frequencies of the ultrasonic wave at a plurality of points which are
respectively positioned on a plurality of acoustic rays of the received ultrasonic wave and different from each
other to calculate a frequency spectrum of each of the points;

a feature amount extracting unit that approximates a portion included in a frequency band between a first
frequency and a second frequency larger than the first frequency, by a polynomial, in the frequency spectrum
of each of the points calculated by the frequency analyzing unit to extract at least first spectrum intensity which
is a value of the polynomial in a third frequency included in a domain of the polynomial and second spectrum
intensity which is a value of the polynomial in a fourth frequency different from the first to third frequencies, as
a feature amount of the frequency spectrum of each of the points; and

a feature amount image data generating unit that associates any one of (a) the first spectrum intensity, (b) the
second spectrum intensity, and (c) a function of a difference or a ratio between the first spectrum intensity and
the second spectrum intensity, with first visual information and associates either of the remaining two other than
the one of (a) to (c) associated with the first visual information, with second visual information different from the
first visual information to generate a feature amount image which visually indicates a distribution of the feature
amount.

The ultrasonic observation apparatus according to claim 1,
wherein the third frequency is a frequency included in the frequency band, and
the fourth frequency is a frequency which is not included in the frequency band.

The ultrasonic observation apparatus according to claim 2,

wherein the feature amount extracting unit approximates the frequency spectrum using a linear expression, and
one of the first and second spectrum intensity is an intercept of the linear expression, and the other is specific
spectrum intensity which is decided using a slope of the linear expression, the intercept of the linear expression,
and the third frequency.

The ultrasonic observation apparatus according to claim 3,

wherein the first visual information is a hue which is associated with a function of a difference or a ratio between
the intercept and the specific spectrum intensity, and

the second visual information is brightness and/or chroma which is associated with the intercept or the specific
spectrum intensity.

The ultrasonic observation apparatus according to claim 3,
wherein the first visual information is a hue which is associated with the intercept, and
the second visual information is brightness and/or chroma which is associated with the specific spectrum intensity.

The ultrasonic observation apparatus according to any one of claims 1 to 5,

further comprising an input unit that receives an input of a switching instruction signal to switch association between
the first and second visual information, and the first spectrum intensity, the second spectrum intensity, the function
of a difference or a ratio between the first spectrum intensity and the second spectrum intensity,

wherein the feature amount image data generating unit generates the feature amount image according to the
switching instruction signal received by the input unit.

The ultrasonic observation apparatus according to any one of claims 1 to 6,
wherein the feature amount extracting unit includes:

an approximating unit that approximates the frequency spectrum by the polynomial and extracts a pre-correction
feature amount based on the polynomial, and

an attenuation correcting unit that performs attenuation correction on the pre-correction feature amount extracted
by the approximating unit for reducing contribution of attenuation which occurs according to a reception depth
and a frequency of an ultrasonic wave when the ultrasonic wave is transmitted, to extract the feature amount
of the frequency spectrum.
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The ultrasonic observation apparatus according to any one of claims 1 to 6,
wherein the feature amount extracting unit includes:

an attenuation correcting unit that performs attenuation correction on the frequency spectrum for reducing
contribution of attenuation which occurs according to a reception depth and a frequency of an ultrasonic wave
when the ultrasonic wave is transmitted, and

an approximating unit that approximates the frequency spectrum corrected by the attenuation correcting unit
by the polynomial and extracts the feature amount based on the polynomial.

The ultrasonic observation apparatus according to claim 7 or 8,
wherein the attenuation correcting unit performs larger correction as the reception depth of the ultrasonic wave
increases.

The ultrasonic observation apparatus according to any one of claims 7 to 9, further comprising:

a signal amplifying unit that amplifies a signal of the ultrasonic wave received from the specimen with a gain
according to the reception depth;

a B-mode image data generating unit that converts an amplitude of the signal of the ultrasonic wave amplified
by the signal amplifying unit into luminance to generate a B-mode image to display;

an amplification correcting unit that performs amplification correction on the signal of the ultrasonic wave am-
plified by the signal amplifying unit for causing the gain to be constant regardless of the reception depth; and
a control unit that causes correction by the amplification correcting unit and correction by the attenuation cor-
recting unit to be performed together,

wherein the frequency analyzing unit analyzes the frequencies of the signal of the ultrasonic wave on which the
amplification correction has been performed by the amplification correcting unit.

The ultrasonic observation apparatus according to any one of claims 1 to 6, further comprising:

a signal amplifying unit that amplifies a signal of the ultrasonic wave received from the specimen with a gain
according to a reception depth;

a B-mode image data generating unit that converts an amplitude of the signal of the ultrasonic wave amplified
by the signal amplifying unit into luminance to generate a B-mode image to display; and

an amplification correcting unit that performs amplification correction on the signal of the ultrasonic wave am-
plified by the signal amplifying unit for causing the gain to be constant regardless of the reception depth,
wherein the frequency analyzing unit analyzes the frequencies of the signal of the ultrasonic wave on which the
amplification correction has been performed by the amplification correcting unit.

The ultrasonic observation apparatus according to claim 10 or 11,
wherein the gain monotonically increases up to a predetermined reception depth when the signal amplifying unit
performs amplification.

The ultrasonic observation apparatus according to any one of claims 1 to 9, further comprising:

a signal amplifying unit that amplifies a reception signal of the ultrasonic wave received from the specimen; and
a B-mode image data generating unit that converts an amplitude of the reception signal amplified by the signal
amplifying unit into luminance to generate a B-mode image to display,

wherein the signal amplifying unit performs amplification on a signal to be output to the B-mode image data
generating unit while changing a gain according to a reception depth, and performs amplification on a signal to
be output to the frequency analyzing unit with a constant gain.

The ultrasonic observation apparatus according to claim 13,
wherein the gain with respect to the signal to be output to the B-mode image data generating unit monotonically
increases up to a predetermined reception depth.

The ultrasonic observation apparatus according to any one of claims 1 to 14, further comprising:

a storage unit that stores a reference spectrum obtained based on a frequency of an ultrasonic wave received
from a reference reflector;
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a frequency band setting unit that sets the frequency band; and

acorrection frequency spectrum calculating unit that corrects the frequency spectrum calculated by the frequency
analyzing unit based on the reference spectrum stored in the storage unit to calculate a correction frequency
spectrum,

wherein the feature amount extracting unit extracts the feature amount of the correction frequency spectrum
calculated by the correction frequency spectrum calculating unit.

The ultrasonic observation apparatus according to claim 15,

wherein the storage unit stores at least the reference spectrum for each reception depth of the ultrasonic wave, and
the correction frequency spectrum calculating unit calculates the correction frequency spectrum by obtaining a
difference between the reference spectrum and the frequency spectrum for each reception depth.

The ultrasonic observation apparatus according to claim 15 or 16,

wherein the storage unit includes a frequency band information storage unit that stores a frequency band that is
decided according to a reception depth of an ultrasonic wave and decreases in a bandwidth and a maximum
frequency as the reception depth increases, and

the frequency band setting unit sets the frequency band with reference to frequency band information stored in the
frequency band information storage unit.

The ultrasonic observation apparatus according to any one of claims 1 to 17, further comprising a display unit that
displays the feature amount image.

An operation method of an ultrasonic observation apparatus that transmits an ultrasonic wave to a specimen and
receives the ultrasonic wave reflected from the specimen, the operation method comprising:

a frequency analyzing step of analyzing, by a frequency analyzing unit, frequencies of the ultrasonic wave at a
plurality of points which are respectively positioned on a plurality of acoustic rays of the received ultrasonic
wave and different from each other to calculate a frequency spectrum of each of the points;

a feature amount extracting step of approximating, by a feature amount extracting unit, a portion included in a
frequency band between a first frequency and a second frequency larger than the first frequency, by a polynomial,
in the calculated frequency spectrum of each of the points calculated at the frequency analyzing step to extract
at least first spectrum intensity which is a value of the polynomial in a third frequency included in a domain of
the polynomial and second spectrum intensity which is a value of the polynomial in a fourth frequency different
from the first to third frequencies, as a feature amount of the frequency spectrum of each of the points; and

a feature amount image data generating step of associating, by a feature amount image data generating unit,
any one of (a) the first spectrum intensity, (b) the second spectrum intensity, and (c) a function of a difference
or a ratio between the first spectrum intensity and the second spectrum intensity, with first visual information
and associating either of the remaining two other than the one of (a) to (c) associated with the first visual
information, with second visual information different from the first visual information to generate a feature amount
image which visually indicates a distribution of the feature amount.

20. An operation program for an ultrasonic observation apparatus that transmits an ultrasonic wave to a specimen and

receives the ultrasonic wave reflected from the specimen, the operation program causing the ultrasonic observation
apparatus to execute:

a frequency analyzing step of analyzing, by a frequency analyzing unit, frequencies of an ultrasonic wave at a
plurality of points which are respectively positioned on a plurality of acoustic rays of the ultrasonic wave and
different from each other to calculate a frequency spectrum of each of the points;

a feature amount extracting step of approximating, by a feature amount extracting unit, a portion included in a
frequency band between afirst frequency and a second frequency larger than the first frequency, by a polynomial,
in the calculated frequency spectrum of each of the points calculated at the frequency analyzing step to extract
at least first spectrum intensity which is a value of the polynomial in a third frequency included in a domain of
the polynomial and second spectrum intensity which is a value of the polynomial in a fourth frequency different
from the first to third frequencies, as a feature amount of the frequency spectrum of each of the points; and

a feature amount image data generating step of associating, by a feature amount image data generating unit,
any one of (a) the first spectrum intensity, (b) the second spectrum intensity, and (c) a function of a difference
or a ratio between the first spectrum intensity and the second spectrum intensity, with first visual information
and associating either of the remaining two other than the one of (a) to (c) associated with the first visual
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information, with second visual information different from the first visual information to generate a feature amount
image which visually indicates a distribution of the feature amount.
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