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(57) ABSTRACT

Provided is an ultrasound observation apparatus for gener-
ating an ultrasound image based on an ultrasound signal
acquired by an ultrasound probe having an ultrasound trans-
ducer. The apparatus includes: an analysis unit that performs
FFT on a sample data group having pieces of sample data in
RF data generated based on the ultrasound signal, to calcu-
late frequency spectra; a correction unit that generates, based
on the frequency spectra, analysis data indicating a relation-
ship between a distance from the ultrasound transducer and
an intensity of each of the frequency spectra for each
frequency component, and corrects the analysis data based
on a correction amount set for each distance, the correction
amount causing an intensity of reference data generated
from a reference ultrasound signal to be constant regardless
of the distance; and a calculation unit that calculates a
frequency feature based on a frequency spectrum generated
in accordance with the corrected analysis data.

6 Claims, 8 Drawing Sheets
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ULTRASOUND OBSERVATION APPARATUS,
METHOD FOR OPERATING ULTRASOUND
OBSERVATION APPARATUS, AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of PCT international
application Ser. No. PCT/JP2015/079967, filed on Oct. 23,
2015 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2014-262990, filed on
Dec. 25, 2014, incorporated herein by reference.

BACKGROUND

1. Technical Field

The disclosure relates to an ultrasound observation appa-
ratus for observing tissues of an observation target by using
ultrasound waves. The disclosure also relates to a method for
operating the ultrasound observation apparatus, and to a
computer-readable recording medium.

2. Related Art

Conventionally, as a technique for observing tissue char-
acteristics of an observation target such as a specimen by
using ultrasound waves, a technique that makes an image of
a feature of a frequency spectrum of a received ultrasound
signal has been known (for example, see JP 5568199 B1). In
this technique, the feature of a frequency spectrum is
extracted as an amount that represents the tissue character-
istics of the observation target, and then a feature image
obtained by adding corresponding visual information to the
feature is generated and displayed. A user such as a doctor
diagnoses the tissue characteristics of the specimen by
seeing the displayed feature image.

For example, in JP 5568199 B1, the number of focus
stages in an area set in an ultrasound image (hereinafter also
referred to as an area of interest) and a plurality of focus
positions are determined based on the position of the area of
interest and the size of the area of interest, and the feature
is calculated by performing frequency analysis on ultra-
sound waves transmitted to and received from each focus
position.

SUMMARY

In some embodiments, provided is an ultrasound obser-
vation apparatus for generating an ultrasound image based
on an ultrasound signal acquired by an ultrasound probe, the
ultrasound probe having an ultrasound transducer config-
ured to transmit an ultrasound wave to an observation target
and to receive the ultrasound wave reflected from the
observation target. The ultrasound observation apparatus
includes: a frequency analysis unit configured to perform
fast Fourier transform on a sample data group having a
plurality of pieces of sample data in radio frequency data
generated based on the ultrasound signal, thereby to calcu-
late a plurality of frequency spectra; an analysis data cor-
rection unit configured to: generate, based on the plurality of
frequency spectra calculated by the frequency analysis unit,
analysis data indicating a relationship between a distance
from the ultrasound transducer and an intensity of each of
the frequency spectra for each frequency component; and
correct the analysis data based on a correction amount set for
each distance, the correction amount causing an intensity of
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reference data generated from a reference ultrasound signal
to be constant regardless of the distance; a feature calcula-
tion unit configured to calculate a frequency feature based
on a frequency spectrum generated in accordance with the
analysis data corrected by the analysis data correction unit;
and a feature image data generation unit configured to
generate feature image data for displaying the frequency
feature calculated by the feature calculation unit along with
the ultrasound image, in association with visual information.

In some embodiments, provided is a method for operating
an ultrasound observation apparatus, the ultrasound obser-
vation apparatus being configured to generate an ultrasound
image based on an ultrasound signal acquired by an ultra-
sound probe, the ultrasound probe having an ultrasound
transducer configured to transmit an ultrasound wave to an
observation target and to receive the ultrasound wave
reflected from the observation target. The method includes:
performing, by a frequency analysis unit, fast Fourier trans-
form on a sample data group having a plurality of pieces of
sample data on radio frequency data generated based on the
ultrasound signal, thereby to calculate a plurality of fre-
quency spectra; generating, by an analysis data correction
unit, based on the plurality of frequency spectra calculated
by the frequency analysis unit, analysis data indicating a
relationship between a distance from the ultrasound trans-
ducer and an intensity of each of the frequency spectra for
each frequency component, and correcting the analysis data
based on a correction amount set for each distance, the
correction amount causing an intensity of reference data
generated from a reference ultrasound signal to be constant
regardless of the distance; calculating, by a feature calcula-
tion unit, a frequency feature based on a frequency spectrum
generated in accordance with the analysis data corrected by
the analysis data correction unit; and generating, by a feature
image data generation unit, feature image data for displaying
the frequency feature calculated by the feature calculation
unit along with the ultrasound image, in association with
visual information.

In some embodiments, provided is a non-transitory com-
puter-readable recording medium with an executable pro-
gram stored thereon for operating an ultrasound observation
apparatus, the ultrasound observation apparatus being con-
figured to generate an ultrasound image based on an ultra-
sound signal acquired by an ultrasound probe, the ultrasound
probe having an ultrasound transducer configured to trans-
mit an ultrasound wave to an observation target and to
receive the ultrasound wave reflected from the observation
target. The program causes the ultrasound observation appa-
ratus to execute: performing, by a frequency analysis unit,
fast Fourier transform on a sample data group having a
plurality of pieces of sample data on radio frequency data
generated based on the ultrasound signal, thereby to calcu-
late a plurality of frequency spectra; generating, by an
analysis data correction unit, based on the plurality of
frequency spectra calculated by the frequency analysis unit,
analysis data indicating a relationship between a distance
from the ultrasound transducer and an intensity of each of
the frequency spectra for each frequency component, and
correcting the analysis data based on a correction amount set
for each distance, the correction amount causing an intensity
of reference data generated from a reference ultrasound
signal to be constant regardless of the distance; calculating,
by a feature calculation unit, a frequency feature based on a
frequency spectrum generated in accordance with the analy-
sis data corrected by the analysis data correction unit; and
generating, by a feature image data generation unit, feature
image data for displaying the frequency feature calculated



US 10,219,781 B2

3

by the feature calculation unit along with the ultrasound
image, in association with visual information.

The above and other features, advantages and technical
and industrial significance of this invention will be better
understood by reading the following detailed description of
presently preferred embodiments of the invention, when
considered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a configuration of an
ultrasound diagnosis system having an ultrasound observa-
tion apparatus according to an embodiment of the present
invention;

FIG. 2 is a graph illustrating a relationship between a
reception depth and an amplification factor in amplification
processing performed by a signal amplification unit of the
ultrasound observation apparatus according to the embodi-
ment of the present invention;

FIG. 3 is a graph illustrating a relationship between a
reception depth and an amplification factor in amplification
correction processing performed by an amplification correc-
tion unit of the ultrasound observation apparatus according
to the embodiment of the present invention;

FIG. 4 is a diagram schematically illustrating a data
arrangement in one sound ray of an ultrasound signal;

FIG. 5 is a graph illustrating an example of reference data
for calculating a correction amount used for correction
processing performed by an analysis data correction unit of
the ultrasound observation apparatus according to the
embodiment of the present invention;

FIG. 6 is a graph illustrating an example of a frequency
spectrum after correction by the analysis data correction unit
of the ultrasound observation apparatus according to the
embodiment of the present invention;

FIG. 7 is a graph illustrating a straight line which includes
a correction feature corrected by an attenuation correction
unit of the ultrasound observation apparatus according to the
embodiment of the present invention as a parameter;

FIG. 8 is a flowchart illustrating an overview of process-
ing performed by the ultrasound observation apparatus
according to the embodiment of the present invention;

FIG. 9 is a flowchart illustrating an overview of process-
ing performed by a frequency analysis unit of the ultrasound
observation apparatus according to the embodiment of the
present invention; and

FIG. 10 is a diagram schematically illustrating a display
example of a feature image of a display device of the
ultrasound observation apparatus according to the embodi-
ment of the present invention.

DETAILED DESCRIPTION

Hereinafter, modes for carrying out the invention (here-
inafter referred to as “embodiment(s)”) will be described
with reference to the drawings.

Embodiments

FIG. 1 is a block diagram illustrating a configuration of an
ultrasound diagnosis system 1 having an ultrasound obser-
vation apparatus 3 according to an embodiment of the
present invention. The ultrasound diagnosis system 1 illus-
trated in FIG. 1 includes an ultrasound endoscope 2 (ultra-
sound probe) configured to transmit ultrasound waves to a
subject as an observation target and to receive the ultrasound
waves reflected from the subject, the ultrasound observation
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apparatus 3 configured to generate an ultrasound image
based on an ultrasound signal acquired by the ultrasound
endoscope 2, and a display device 4 configured to display
the ultrasound image generated by the ultrasound observa-
tion apparatus 3.

The ultrasound endoscope 2 includes an ultrasound trans-
ducer 21, which converts an electrical pulse signal received
from the ultrasound observation apparatus 3 into an ultra-
sound pulse (acoustic pulse) and emits the ultrasound pulse
to the subject and which converts an ultrasound echo
reflected from the subject into an electrical echo signal that
represents the ultrasound echo as a voltage variation and
outputs the echo signal, at the distal end portion of the
ultrasound endoscope 2. The ultrasound transducer 21 may
be any one of a convex transducer, a linear transducer, and
a radial transducer. The ultrasound endoscope 2 may be an
endoscope that causes the ultrasound transducer 21 to
mechanically scan or an endoscope that causes the ultra-
sound transducer 21 to electronically scan by providing a
plurality of elements in an array shape as the ultrasound
transducer 21 and electronically switching elements related
to transmission and reception and/or delaying transmission
and reception of each element.

The ultrasound endoscope 2 normally includes an imag-
ing optical system and an image sensor. The ultrasound
endoscope 2 is inserted into a digestive tract (esophagus,
stomach, intestine duodenum, or large intestine) or a respi-
ratory organ (windpipe or bronchus) of the subject and can
capture an image of the digestive tract, the respiratory organ,
or their surrounding organ (pancreas, gall bladder, bile duct,
biliary tract, lymph node, mediastinal organ, blood vessel, or
the like). The ultrasound endoscope 2 also includes a light
guide that guides illumination light emitted to the subject
while capturing an image. The distal end portion of the light
guide reaches the distal end of an insertion portion of the
subject of the ultrasound endoscope 2. On the other hand, the
proximal end portion of the light guide is connected to a
light source apparatus that generates the illumination light.
The ultrasound observation system 1 is not limited to
include the ultrasound endoscope 2, but may include an
ultrasound probe that does not have an imaging optical
system and an image sensor.

The ultrasound observation apparatus 3 includes a trans-
mitting and receiving unit 31 that is electrically connected to
the ultrasound endoscope 2, transmits a transmission signal
(a pulse signal) formed of a high-voltage pulse based on a
predetermined waveform and a transmission timing to the
ultrasound transducer 21, and generates and outputs data
(hereinafter referred to as RF data) of a digital high fre-
quency (RF: Radio Frequency) signal by receiving an echo
signal that is an electrical reception signal from the ultra-
sound transducer 21, a signal processing unit 32 that gen-
erates digital B-mode reception data based on the RF data
received from the transmitting and receiving unit 31, a
computing unit 33 that performs a predetermined calculation
on the RF data received from the transmitting and receiving
unit 31, an image processing unit 34 that generates various
image data, an input unit 35 that is realized by using a user
interface such as a keyboard, a mouse, and a touch panel and
receives input of various information, a control unit 36 that
controls the entire ultrasound observation system 1, and a
storage unit 37 that stores various information necessary for
operation of the ultrasound observation apparatus 3.

The transmitting and receiving unit 31 includes a signal
amplification unit 311 that amplifies the echo signal. The
signal amplification unit 311 performs STC (Sensitivity
Time Control) correction in which the greater a reception
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depth of the echo signal, the higher an amplification factor
by which the echo signal is amplified. FIG. 2 is a graph
illustrating a relationship between the reception depth and
the amplification factor in amplification processing pet-
formed by the signal amplification unit 311. A reception
depth z illustrated in FIG. 2 is an amount calculated based
on an elapsed time from a time point when reception of an
ultrasound wave is started. As illustrated in FIG. 2, when the
reception depth z is smaller than a threshold value z,,, an
amplification factor § (dB) linearly increases from B, to f3,,
(>P,) along with increase of the reception depth z. When the
reception depth z is equal to or greater than the threshold
value z,,, the amplification factor f (dB) is a constant value
B,;- The threshold value z,, is a value where the ultrasound
signal received from the observation target attenuates too
much and noise becomes dominant. More generally, when
the reception depth z is smaller than the threshold value z,,
the amplification factor [ should monotonically increase
along with increase of the reception depth z. The relation-
ship illustrated in FIG. 2 is stored in the storage unit 37 in
advance.

The transmitting and receiving unit 31 performs process-
ing such as filtering and the like on the echo signal amplified
by the signal amplification unit 311 and then generates
time-domain RF data by A/D converting the echo signal and
outputs the RF data to the signal processing unit 32 and the
computing unit 33. When the ultrasound endoscope 2 has a
configuration in which the ultrasound transducer 21 where a
plurality of elements are provided in an array shape is
electrically scanned, the transmitting and receiving unit 31
has a multi-channel circuit for synthesizing a beam corre-
sponding to the plurality of elements.

It is recommended that a frequency band of the pulse
signal transmitted by the transmitting and receiving unit 31
is a wide band that substantially covers a linear response
frequency band of electroacoustic conversion of the pulse
signal into an ultrasound pulse in the ultrasound transducer
21. It is also recommended that various processing fre-
quency bands of the echo signal in the signal amplification
unit 311 are wide bands that substantially cover a linear
response frequency band of electroacoustic conversion of
the ultrasound echo into the echo signal by the ultrasound
transducer 21. Thus, it is possible to perform accurate
approximation when performing approximate processing of
a frequency spectrum described later.

The transmitting and receiving unit 31 has also a function
to transmit various control signals outputted by the control
unit 36 to the ultrasound endoscope 2 and a function to
receive various information including an identification 1D
from the ultrasound endoscope 2 and transmit the various
information to the control unit 36.

The signal processing unit 32 performs known processing
such as bandpass filter, envelope detection, and logarithmic
conversion on the RF data and generates digital B-mode
reception data. In the logarithmic conversion, a common
logarithm of a value obtained by dividing the RF data by a
reference voltage V. is represented as a decibel value. The
signal processing unit 32 outputs the generated B-mode
reception data to the image processing unit 34. The signal
processing unit 32 is realized by using a CPU (Central
Processing Unit), various calculation circuits, and the like.

The computing unit 33 includes an amplification correc-
tion unit 331 that performs amplification correction on the
RF data generated by the transmitting and receiving unit 31
so that the amplification factor [ is constant regardless of the
reception depth, a frequency analysis unit 332 that calculates
a frequency spectrum by performing frequency analysis by
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performing Fast Fourier Transform (FFT) on the RF data on
which the amplification correction is performed, an analysis
data correction unit 333 that corrects analysis data, which is
a distance (reception depth) spectrum generated for each
frequency component, based on the frequency spectrum
calculated by the frequency analysis unit 332, and a feature
calculation unit 334 that calculates a feature of the frequency
spectrum. The computing unit 33 is realized by using a CPU
(Central Processing Unit), various calculation circuits, and
the like.

FIG. 3 is a graph illustrating a relationship between the
reception depth and the amplification factor in the amplifi-
cation correction processing performed by the amplification
correction unit 331. As illustrated in FIG. 3, an amplification
factor p (dB) in the amplification correction processing
performed by the amplification correction unit 331 takes a
maximum value f,,—f, when the reception depth z is zero,
linearly decreases while the reception depth z changes from
zero to the threshold value z,,, and takes zero when the
reception depth z is equal to or greater than the threshold
value z,,,. The amplification correction unit 331 performs the
amplification correction on the digital RF signal using the
amplification factor determined in this way, thereby to offset
an effect of the STC correction in the signal processing unit
32 and to output a signal of a constant amplification factor
B, Of course, the relationship between the reception depth
7z and the amplification factor f§ in the amplification correc-
tion processing performed by the amplification correction
unit 331 differs depending on the relationship between the
reception depth and the amplification factor in the signal
processing unit 32.

The reason for performing such amplification correction
will be described. The STC correction is correction process-
ing that eliminates effects of attenuation from an amplitude
of an analog signal waveform by amplifying the amplitude
of the analog signal waveform by an amplification factor
which is uniform over all frequency bands and monotoni-
cally increases with respect to the depth. Therefore, when a
B-mode image that is displayed by converting the amplitude
of echo signal into luminance is generated and when homo-
geneous tissues are scanned, a luminance value becomes
constant regardless of the depth by performing the STC
correction. That is to say, it is possible to obtain an effect of
eliminating the effects of attenuation from the luminance
value of the B-mode image.

On the other hand, as in the embodiment, when a result of
analysis of calculation of the frequency spectrum of ultra-
sound wave is used, even the STC correction cannot cor-
rectly eliminate the effect of attenuation accompanying
propagation of the ultrasound wave. Because, although the
amount of attenuation generally varies according to fre-
quency (see formula (1) described later), the amplification
factor of the STC correction varies according to distance
only and does not have frequency dependency.

To solve the above problem, that is, the problem where
when using the result of analysis of calculation of the
frequency spectrum of ultrasound wave, even the STC
correction cannot correctly eliminate the effect of attenua-
tion accompanying propagation of the ultrasound wave, it is
considered to output a reception signal on which the STC
correction is performed when generating the B-mode image
and further to perform new transmission different from
transmission to generate the B-mode image and output a
reception signal on which the STC correction is not per-
formed when generating an image based on the frequency
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spectrum. However, in this case, there is a problem that a
frame rate of image data generated based on the reception
signal decreases.

Therefore, in the embodiment, the amplification factor is
corrected by the amplification correction unit 331 in order to
eliminate effects of the STC correction from the signal on
which the STC correction is performed for the B-mode
image while maintaining the frame rate of image data to be
generated.

The frequency analysis unit 332 samples RF data (line
data) of each sound ray, on which amplification correction is
performed by the amplification correction unit 331, at a
predetermined time intervals and generates sample data. The
frequency analysis unit 332 calculates a frequency spectrum
at a plurality of positions (data positions) on the RF data by
performing FFT processing on a sample data group. The
“frequency spectrum” mentioned here means a “frequency
distribution of intensity at a certain reception depth z”
obtained by performing FFT processing on a sample data
group. The “intensity” mentioned here indicates, for
example, any one of parameters such as a voltage of echo
signal, an electric power of echo signal, a sound pressure of
ultrasound echo, and an acoustic energy of ultrasound echo,
amplitudes and time integration values of these parameters,
and a combination of these.

In general, when the observation target is a living tissue,
the frequency spectrum shows different tendency depending
on characteristics of the living tissue that is scanned by an
ultrasound wave. This is because the frequency spectrum has
correlation with the size, the number density, the acoustic
impedance, and the like of a scattering body that scatters
ultrasound waves. The “characteristics of the living tissue”
mentioned here are, for example, malignant tumor (cancer),
benign tumor, endocrine tumor, mucinous tumor, normal
tissue, cyst, vascular channel, and the like.

FIG. 4 is a diagram schematically illustrating a data
arrangement in one sound ray of an ultrasound signal. In a
sound ray SR, illustrated in FIG. 4, a white or black
rectangle means data at one sample point. Further, on the
sound ray SR,, the more right the data is positioned, the
deeper the position from which the data, which is sample
data, is obtained when measured along the sound ray SR,
from the ultrasound transducer 21 (see an arrow in FIG. 4).
The sound ray SR, is discretized at time intervals corre-
sponding to a sampling frequency (for example, 50 MHz) in
A/D conversion performed by the transmitting and receiving
unit 31. FIG. 4 illustrates a case in which an eighth data
position of the sound ray SR, of a number k is set as an initial
value Z%®, in a direction of the reception depth z. However,
the position of the initial value can be arbitrarily set. A
calculation result of the frequency analysis unit 332 is
obtained as a complex number and stored in the storage unit
37.

Adatagroup F, (=1, 2, . . . , and K) illustrated in FIG. 4
is a sample data group to be a target of the FFT processing.
In general, to perform the FFT processing, the sample data
group should have the number of data of power-of-two.
Thus, the number of data of the sample data group I, (=1,
2,...,and K-1)is 16 (=2*), so that the sample data group
F, is a normal data group. On the other hand, the number of
data of the sample data group Fy is 12, so that the sample
data group F, is an abnormal data group. When performing
the FFT processing on an abnormal data group, processing
is performed that generates a normal sample data group by
inserting zero data to fill in the gaps. This will be described
in detail when the processing of the frequency analysis unit
332 is described (see FIG. 9).
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The analysis data correction unit 333 generates analysis
data indicating a relationship between a signal value (inten-
sity of a frequency spectrum) and a distance (a reception
depth) for each reception depth of a certain frequency based
on a plurality of frequency spectra calculated by the fre-
quency analysis unit 332 and corrects the analysis data based
on a correction amount for each reception depth that is set
in advance.

FIG. 5 is a graph illustrating an example of reference data
for calculating a correction amount used for correction
processing performed by the analysis data correction unit
333. The reference data indicates a relationship between a
distance (reception depth) from the ultrasound transducer 21
at certain frequency component and focus position and a
signal value (intensity of the signal). In FIG. 5, the hori-
zontal axis represents the distance (reception depth) from the
ultrasound transducer 21. Regarding the reference data, an
ultrasound wave is transmitted to an object for scattering the
ultrasound wave uniformly or to a strong reflector so as to
obtain a predetermined focus position and a predetermined
frequency, and the reference data is calculated based on the
intensity of the obtained signal (reference ultrasound signal).
Here, the object that scatters the ultrasound wave uniformly
is an object that reflects the ultrasound wave while trans-
mitting the ultrasound wave according to the frequency. The
object is formed of a material that shows scattering charac-
teristics similar to those of a living organism and is generally
referred to as a living organism simulative phantom. The
strong reflector is an object where reflection of the ultra-
sound wave is more dominant than scattering of the ultra-
sound wave. The strong reflector is formed of a material
such as a metal whose acoustic impedance is significantly
different from that of a living organism.

In FIG. 5, the vertical axis represents a signal value of a
reception depth at a certain frequency. For example, when
the frequency is 5 MHz, a curved line C, as illustrated in
FIG. § is acquired for each focus position that can be set (for
example, 1 mm, 2 mm, 3 mm, and so on). When there is a
plurality of frequencies outputted by the transducer, the
reference data is generated for each frequency. For example,
when the frequency can be set to 5 MHz, 10 MHz, and 25
MHz and the focus position can be set to 1 mm, 2 mm, and
3 mm for each frequency, nine reference data can be
obtained. The embodiment is described by using a long-
distance sound wave as an example. The same goes for a
short-distance radio wave.

The correction amount is a difference between the refer-
ence data (signal value) set for each reception depth and a
correction value (for example, differences Q, to Q, illus-
trated in FIG. 5). The correction value is a value that is set
for each frequency component and each focus position or for
each type of the ultrasound endoscope 2. The correction
value is a constant value regardless of a distance, and for
example, is set based on a ratio to a peak of a signal value
in an apparatus setting, characteristics of the transducer, and
the like. In other words, the correction amount is an amount
(value) that causes the signal value of the reference data in
the frequency component to be constant regardless of a
distance (reception depth). The correction amount is stored
in a correction amount information storage unit 371
described later for each frequency component and for each
focus position.

The analysis data correction unit 333 corrects the signal
value of each reception depth based on the generated analy-
sis data. Specifically, the analysis data correction unit 333
corrects the signal value in the frequency component by
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adding or subtracting the correction amount described above
to or from the signal value of each reception depth based on
the analysis data.

The analysis data correction unit 333 corrects the signal
value of each reception depth and then restores the signal
value to a frequency spectrum as a frequency distribution of
intensity at a certain reception depth z, that is, a frequency
spectrum calculated by the frequency analysis unit 332,
based on the analysis data after the correction, and outputs
the frequency spectrum to the feature calculation unit 334.

FIG. 6 is a graph illustrating an example of the frequency
spectrum that has been corrected by the analysis data
correction unit 333. In FIG. 6, the horizontal axis represents
a frequency f. In FIG. 6, the vertical axis represents a
common logarithm (decibel) 1=10 log,(I,/1.) that is an
amount obtained by dividing an intensity I, by a reference
intensity I (constant). A straight line L, illustrated in FIG.
6 will be described later. In the embodiment, a curved line
and a straight line are formed from a set of discrete points.

In a frequency spectrum C, illustrated in FIG. 6, a lower
limit frequency f, and an upper limit frequency f,, of a
frequency band used in calculations thereafter are param-
eters determined based on the frequency band of the ultra-
sound transducer 21, the frequency band of the pulse signal
transmitted by the transmitting and receiving unit 31, and the
like. Hereinafter, the frequency band determined by the
lower limit frequency f; and the upper limit frequency f;, in
FIG. 6 is referred to as “frequency band F”.

The feature calculation unit 334 calculates a feature of
each of a plurality of frequency spectra outputted from the
analysis data correction unit 333. The feature calculation
unit 334 includes an approximation unit 334« that calculates
a feature (hereinafter referred to as a pre-correction feature)
of the frequency spectrum before performing attenuation
correction processing by approximating the frequency spec-
trum by a straight line and an attenuation correction unit
334b that calculates a feature by performing attenuation
correction on the pre-correction feature calculated by the
approximation unit 334a.

The approximation unit 334a approximates the frequency
spectrum by a linear expression (regression line) by per-
forming regression analysis of the frequency spectrum in a
predetermined frequency band and thereby calculates the
pre-correction feature that features the approximated linear
expression. For example, in the case of the frequency
spectrum C, illustrated in FIG. 6, (in the case of a frequency
spectrum that has been corrected by the analysis data
correction unit 333), the approximation unit 3344 obtains a
regression line L, by performing regression analysis in a
frequency band F and approximating the frequency spec-
trum C, by a linear expression. In other words, the approxi-
mation unit 334a calculates a slope a, of the regression line
L, an intercept by, and a Mid-band fit c,=a,f, +b, which is
a value on a regression line of a center frequency f, =, +
£.)/2 of the frequency band F as the pre-correction feature.

Among the three pre-correction feature, the slope a, is
correlated with the size of a scattering body of an ultrasound
wave, and in general, it is considered that the greater the
scattering body, the smaller the value of the slope. The
intercept by, is correlated with the size of a scattering body,
a difference of acoustic impedance, a number density (den-
sity) of scattering bodies, and the like. Specifically, it is
considered that the larger the scattering body, the greater the
value of the intercept b, is, the larger the difference of
acoustic impedance, the greater the value of the intercept b,
is, and the larger the number density of scattering bodies, the
greater the value of the intercept by, is. The Mid-band fit ¢,
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is an indirect parameter derived from the slope a, and the
intercept b, and provides an intensity of a spectrum at the
center of an effective frequency band. Therefore, it is
considered that the Mid-band fit ¢, is somewhat correlated
with the luminance of a B-mode image in addition to the size
of a scattering body, the difference of acoustic impedance,
and the number density of scattering bodies. The feature
calculation unit 334 may approximate a frequency spectrum
by a second or higher order polynomial using regression
analysis.

The correction performed by the attenuation correction
unit 3345 will be described. In general, an attenuation
amount A(f, 7) of an ultrasound wave is attenuation genet-
ated while the ultrasound wave reciprocates between recep-
tion depth 0 and reception depth z and is defined as intensity
change (difference in decibels) before and after the recip-
rocation. It is empirically known that the attenuation amount
A(f, 2) is proportional to frequency in a uniform tissue and
the attenuation amount A(f, z) is represented by the follow-
ing formula (1).

A(fz)=20zf )]

Here, the proportional constant ¢ is an amount called an
attenuation rate. Further, z is the reception depth of the
ultrasound wave and f is the frequency. When the observa-
tion target is a living organism, a specific value of the
attenuation rate o is determined according to a region of the
living organism. The unit of the attenuation rate «. is, for
example, dB/cm/MHz. In the embodiment, it is also possible
to change the value of the attenuation rate o by an input from
the input unit 35.

The attenuation correction unit 3345 calculates features a,
b, and ¢ by performing attenuation correction according to
the formulas (2) to (4) shown below on the pre-correction
features (slope a,, intercept b,, and Mid-band fit c,)
extracted by the approximation unit 334a.

a=ag+loz @
b=b,

c=cotA(fip2)=co+20zfi(=afy+b) “4)

As is clear from the formulas (2) and (4), the larger the
reception depth z of the ultrasound wave, the larger the
correction amount of correction performed by the attenua-
tion correction unit 334b. According to the formula (3),
correction related to the intercept is identity transformation.
This is because the intercept is a frequency component
corresponding to frequency 0 (Hz) and is not affected by
attenuation.

FIG. 7 is a graph illustrating a straight line including the
features a, b, and ¢, which are calculated by the attenuation
correction unit 3345, as parameters. A formula of a straight
line L, is represented as follows:

I=afrb=(agt202)f+b, (©)

As is clear from the formula (5), regarding the straight
line L, the slope is large (a>a,) and the intercept is the same
(b=b,) as compared with the straight line L, before the
attenuation correction.

The image processing unit 34 includes a B-mode image
data generation unit 341 that generates B-mode image data
which is an ultrasound image that is displayed by converting
the amplitude of echo signal into luminance and a feature
image data generation unit 342 that generates feature image
data for displaying the feature calculated by the attenuation
correction unit 3345 along with the B-mode image in
association with visual information.
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The B-mode image data generation unit 341 generates the
B-mode image data by performing signal processing using
known techniques such as gain processing and contrast
processing on the B-mode reception data received from the
signal processing unit 32 and performing data thinning
according to a data step width determined according to a
display range of an image in the display device 4. The
B-mode image is a grayscale image in which the values of
R (red), G (green), and B (blue), which are variables when
employing an RGB colorimetric system as a color space, are
caused to be the same.

The B-mode image data generation unit 341 generates the
B-mode image data by performing coordinate conversion, in
which the B-mode reception data received from the signal
processing unit 32 is rearranged so that a scanning range can
be spatially correctly represented, on the B-mode reception
data and thereafter filling gaps between the B-mode recep-
tion data by performing interpolation processing between
the B-mode reception data. The B-mode image data genera-
tion unit 341 outputs the generated B-mode image data to the
feature image data generation unit 342.

The feature image data generation unit 342 generates the
feature image data by superimposing the visual information
related to the feature calculated by the feature calculation
unit 334 on each pixel of the image in the B-mode image
data. For example, the feature image data generation unit
342 assigns visual information corresponding to a feature of
a frequency spectrum calculated from one sample data group
F, (=1, 2, . . ., K) illustrated in FIG. 4 on a pixel area
corresponding to a data amount of the sample data group F,.
The feature image data generation unit 342 generates a
feature image by, for example, associating a color phase as
visual information with any one of the slope, the intercept,
and the Mid-band fit described above. The feature image
data generation unit 342 may generates the feature image
data by associating a color phase with any one of two
features selected from the slope, the intercept, and the
Mid-band fit and associating brightness with the other
feature. Examples of the visual information related to the
feature include variables of a color space that forms a
predetermined color system, such as color phase, chroma,
brightness, luminance value, R (red), G (green), and B
(blue).

The control unit 36 is realized by using a CPU (Central
Processing Unit) that has calculation and control functions,
various calculation circuits, and the like. The control unit 36
integrally controls the ultrasound observation apparatus 3 by
reading information stored in the storage unit 37 from the
storage unit 37 and performing various calculation process-
ing related to an operation method of the ultrasound obser-
vation apparatus 3. The control unit 36 may share the same
CPU with the signal processing unit 32 and the computing
unit 33.

The storage unit 37 stores a plurality of features calcu-
lated by the attenuation correction unit 3344 for each
frequency spectrum and image data generated by the image
processing unit 34. The storage unit 37 includes the correc-
tion amount information storage unit 371 that stores the
correction amount described above for each frequency com-
ponent and for each focus position.

Other than the above, the storage unit 37 also stores, for
example, information necessary for the amplification pro-
cessing (the relationship between the amplification factor
and he reception depth illustrated in FIG. 2), information
necessary for the amplification correction processing (the
relationship between the amplification factor and he recep-
tion depth illustrated in FIG. 3), information necessary for
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the attenuation correction processing (see the formula (1)),
and information of window functions (such as Hamming,
Hanning, and Blackman) necessary for frequency analysis
processing.

Further, the storage unit 37 stores various programs
including an operation program for performing the operation
method of the ultrasound observation apparatus 3. The
operation program can be recorded in a recording medium
such as a hard disk, a flash memory, a CD-ROM, a DVD-
ROM, and a flexible disk that can be read by a computer and
can be widely distributed. It is possible to acquire the
various programs mentioned above by downloading the
programs through a communication network. The commu-
nication network mentioned here is realized by, for example,
an existing public network, a LAN (Local Area Network),
and a WAN (Wide Area Network) regardless of wired or
wireless.

The storage unit 37 having the configuration described
above is realized by using a ROM (Read Only Memory) in
which various programs and the like are installed in
advance, a RAM (Random Access Memory) that stores
calculation parameters and data for each processing, and the
like.

FIG. 8 is a flowchart illustrating an overview of process-
ing performed by the ultrasound observation apparatus 3
having the configuration described above. First, the ultra-
sound observation apparatus 3 receives an echo signal as a
measurement result of the observation target of the ultra-
sound transducer 21 from the ultrasound endoscope 2 (step
S1).

The signal amplification unit 311 that receives the echo
signal from the ultrasound transducer 21 amplifies the echo
signal (step S2). Here, the signal amplification unit 311
performs amplification (STC correction) of the echo signal
based on, for example, a relationship between the amplifi-
cation factor and the reception depth illustrated in FIG. 2.

Subsequently, the B-mode image data generation unit 341
generates B-mode image data by using the echo signal
amplified by the signal amplification unit 311 and outputs
the B-mode image data to the display device 4 (step 33). The
display device 4 that receives the B-mode image data
displays a B-mode image corresponding to the B-mode
image data (step S4).

The amplification correction unit 331 performs amplifi-
cation correction on a signal outputted from the transmitting
and receiving unit 31 so that the amplification factor is
constant regardless of the reception depth (step S5). Here,
the amplification correction unit 331 performs the amplifi-
cation correction so that, for example, the relationship
between the amplification factor and the reception depth
illustrated in FIG. 3 is established.

Thereafter, the frequency analysis unit 332 calculates
frequency spectra for all the sample data groups by per-
forming frequency analysis by FFT computation (step S6:
frequency analysis step). FIG. 9 is a flowchart illustrating an
overview of processing performed by the frequency analysis
unit 332 in step S6. Hereinafter, the frequency analysis
processing will be described in detail with reference to the
flowchart illustrated in FIG. 9.

First, the frequency analysis unit 332 sets a counter k that
identifies a sound ray of an object to be analyzed to k, (step
S21).

Subsequently, the frequency analysis unit 332 sets an
initial value Z®, of a data position (corresponding to the
reception depth) Z® that represents a series of data groups
(sample data groups) to be acquired for the FFT computation
(step S22). For example, as described above, FIG. 4 illus-
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trates a case in which the eighth data position of the sound
ray SR, is set as the initial value Z®,.

Thereafter, the frequency analysis unit 332 acquires a
sample data group (step S23) and applies a window function
stored in the storage unit 37 on the acquired sample data
group (step S24). By applying the window function on the
sample data group, it is possible to avoid the sample data
group from being discontinuous at a boundary and prevent
an artifact from being generated.

Subsequently, the frequency analysis unit 332 determines
whether or not the sample data group at the data position Z®
is a normal data group (step S25). As described when
referring to FIG. 4, it is necessary that the sample data group
has the number of data of power-of-two. Hereinafter, it is
assumed that the number of data of a normal sample data
group is 2" (n is a positive integer). In the embodiment, the
data position Z* is set to the center of the sample data group
to which Z* belongs as much as possible. Specifically, since
the number of data of the sample data group is 2, Z*¥ is set
at a 2/2th (=2"""th) position close to the center of the sample
data group. In this case, a situation that the sample data
group is normal means that there are 2** (=N) data before
the data position Z% and there are 2! (=M) data after the
data position Z%. In the case illustrated in FIG. 4, the
sample data groups F, (=1, 2, . . ., and K~1) are all normal.
FIG. 4 exemplifies a case in which n=4 (N=7 and M=8).

When the sample data group at the data position Z® is
normal as a result of the determination of step S25 (step S25:
Yes), the frequency analysis unit 332 proceeds to step S27
described later.

When the sample data group at the data position Z% is not
normal as a result of the determination of step S25 (step S25:
No), the frequency analysis unit 332 generates a normal
sample data group by inserting zero data to cover the
shortfall (step S26). A window function is applied to a
sample data group that is determined to be not normal in step
S25 (for example, the sample data group F in FIG. 4) before
zero data is added. Therefore, even if zero data is inserted in
the sample data group, data discontinuity does not occur.
After step S26, the frequency analysis unit 332 proceeds to
step S27 described later.

In step S27, the frequency analysis unit 332 performs FFT
computation by using the sample data group, so that the
frequency analysis unit 332 obtains a frequency spectrum
which is a frequency distribution of amplitude (step S27).

Subsequently, the frequency analysis unit 332 changes the
data position Z® by a step width D (step $28). It is assumed
that the step width D is stored in the storage unit 37 in
advance. FIG. 4 exemplifies a case in which D=15. It is
desirable that the step width D is coincident with a data step
width that is used by the B-mode image data generation unit
341 when the B-mode image data generation unit 341
generates B-mode image data. However, when it is desired
to reduce an amount of calculation performed by the fre-
quency analysis unit 332, a value greater than the data step
width may be set as the step width D.

Thereafter, the frequency analysis unit 332 determines
whether or not the data position Z% is greater than a
maximum value Z%® __in the sound ray SR, (step S29).
When the data position Z® is greater than the maximum
value Z®  _(step S29: Yes), the frequency analysis unit 332
increments the counter k by 1 (step S30). This means that the
processing is transferred to an adjacent sound ray. On the
other hand, when the data position Z*’ is equal to or smaller
than the maximum value Z%®___ (step $29: No), the fre-
quency analysis unit 332 returns to step S23. By doing so,
the frequency analysis unit 332 performs FFT computation
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on [(Z®,  ~7% +1)/D+1] sample data groups for the
sound ray SR,. Here, [X] represents a maximum integer that
does not exceed X.

After step S30, the frequency analysis unit 332 deter-
mines whether or not the counter k is greater than a
maximum value k,, .. (step S31). When the counter k is
greater thank __(step S31: Yes), the frequency analysis unit
332 ends the series of frequency analysis processing steps.
On the other hand, when the counter k is equal to or smaller
than k,,,. (step S31: No), the frequency analysis unit 332
returns to step S22. It is assumed that the maximum value
K. 15 a value that is arbitrarily input by a user such as an
operator through the input unit 35 or a value that is set in the
storage unit 37 in advance.

In this way, the frequency analysis unit 332 performs FFT
computation a plurality of times, on each of (k,,,. -k +1)
sound rays in an area to be analyzed. The results of the FFT
computation are stored in the correction amount information
storage unit 371 along with the reception depth and the
receiving direction.

In the above description, the frequency analysis unit 332
performs the frequency analysis processing on all areas
where the frequency analysis unit 332 receives the ultra-
sound signal. However, the frequency analysis unit 332 may
perform the frequency analysis processing in only a set area
of interest.

Following the frequency analysis processing in step S6
described above, the analysis data correction unit 333 cal-
culates analysis data indicating a relationship between a
signal value and a distance (reception depth) for each
reception depth of a certain frequency based on a plurality
of frequency spectra calculated by the frequency analysis
unit 332 and corrects the analysis data based on a correction
amount for each reception depth that is set in advance (step
S7 to S9: analysis data correction steps).

In step S7, the analysis data correction unit 333 generates
the analysis data indicating the relationship between the
signal value and the distance (reception depth) for each
reception depth of a certain frequency based on a plurality
of frequency spectra calculated by the frequency analysis
unit 332, for each frequency component.

In step S8, the analysis data correction unit 333 corrects
the analysis data based on the correction amount for each
reception depth that is set in advance. The analysis data
correction unit 333 corrects the analysis data based on the
correction amount (for example, differences Q, to Q, illus-
trated in FIG. 5) that is set for each reception depth.

In step 89, the analysis data correction unit 333 corrects
the signal value of each reception depth and then generates
a frequency spectrum as a frequency distribution of intensity
at a certain reception depth z based on the analysis data after
the correction. In other words, the analysis data correction
unit 333 performs processing that restores the frequency
spectrum described above based on the analysis data after
the correction. The frequency spectrum C, illustrated in FIG.
6 is an example of the frequency spectrum obtained as a
result of step S9.

Thereafter, the feature calculation unit 334 calculates each
pre-correction feature of a plurality of frequency spectra
corrected by the analysis data correction unit 333 and
calculates a feature of each frequency spectrum by perform-
ing attenuation correction that eliminates effects of attenu-
ation of ultrasound wave on the pre-correction feature of
each frequency spectrum (steps S10 and S11: feature cal-
culation steps).

In step S10, the approximation unit 334a calculates a
pre-correction feature corresponding to each frequency
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spectrum by performing regression analysis on each of the
plurality of frequency spectra generated by the analysis data
correction unit 333 (step S10). Specifically, the approxima-
tion unit 334g approximates each frequency spectrum by a
linear expression by performing regression analysis on each
frequency spectrum and calculates the slope a, the intercept
b,, and the Mid-band fit ¢, as the pre-correction features. For
example, the straight line L, illustrated in FIG. 7 is a
regression line by which the approximation unit 334a
approximates the frequency spectrum C, in the frequency
band F by regression analysis.

Subsequently, the attenuation correction unit 3345 per-
forms attenuation correction on the pre-correction feature
approximated by the approximation unit 334a with respect
to each frequency spectrum by using the attenuation rate o
and thereby calculates a correction feature, and stores the
calculated correction feature into the storage unit 37 (step
S11). The straight line L, illustrated in FIG. 7 is an example
of a straight line obtained when the attenuation correction
unit 3345 performs the attenuation correction processing.

In step S11, the attenuation correction unit 3346 calcu-
lates the correction feature by substituting a data position
Z=(f,/2v,)Dn obtained by using data arrangement of a
sound ray of an ultrasound signal into the reception depth z
in the formulas (2) and (4) described above. Here, f,, is a
data sampling frequency, v, is a sound speed, D is a data step
width, and n is the number of data steps from a first data of
the sound ray to a data position of a sample data group to be
processed. For example, when the data sampling frequency
f,, 15 50 MHz, the sound speed v is 1530 m/sec, and the data
step width D is 15 by employing the data arrangement
illustrated in FIG. 4, z=0.2295n (mm) is established.

The feature image data generation unit 342 generates the
feature image data by superimposing the visual information
(for example, color phase) associated with the feature cal-
culated in step S11 on each pixel in the B-mode image data
generated by the B-mode image data generation unit 341
(step S12: feature image data generation step).

Thereafter, the display device 4 displays a feature image
corresponding to the feature image data generated by the
feature image data generation unit 342 under control of the
control unit 36 (step S13). FIG. 10 is a diagram schemati-
cally illustrating a display example of the feature image in
the display device 4. A feature image 201 illustrated in FIG.
10 includes a superimposed image display portion 202 that
displays an image where the visual information related to the
feature is superimposed on the B-mode image and an
information display portion 203 that displays identification
information of the observation target and the like. In the
information display portion 203, information of the feature,
information of approximation formula, image information
such as gain and contrast, and the like may be further
displayed. The B-mode image corresponding to the feature
image may be displayed along with the feature image.

In a series of processing steps (steps S1 to S13) described
above, the processing of step S2 and the processing of steps
S4 to S11 may be performed in parallel.

According to the embodiment of the present invention
described above, the analysis data correction unit 333 cal-
culates the analysis data related to the signal value and the
distance (the reception depth) for each reception depth of a
certain frequency based on the frequency spectra calculated
by the frequency analysis unit 332, corrects the analysis data
based on the correction amount for each reception depth that
is set in advance, and calculates the feature based on the
corrected frequency spectrum, so that it is possible to
uniformize the frequency spectrum in an analysis section
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and prevent the calculation accuracy of the frequency fea-
ture from being lowered even in a position other than the
focus position.

In the embodiment, when the number of focus positions
that can be set is only one, the analysis data is corrected
based on a correction amount that is set for each frequency
and determined according to a distance from the observation
target.

In the description of the embodiment, an ultrasound wave
is transmitted to an object for scattering the ultrasound wave
uniformly or to a strong reflector such that a reference
spectrum is obtained at a predetermined focus position and
at a predetermined frequency, and the reference data is
calculated based on the obtained signal data. However, a
signal data at a predetermined frequency and a predeter-
mined focus position may be obtained by using a receiver
and the reference data may be calculated based on the
obtained signal data. Examples of the receiver include a
hydrophone that uses a piezoelectric element as a sensor.

While the embodiment of the present invention has been
described, the present invention should not be limited to
only the embodiment described above. For example, in the
description, the correction value is set for each frequency
component and for each focus position. However, a common
correction value for each frequency component (a correction
value independent of the focus position) may be used. It is
possible to reduce the amount of data by using a common
correction value for each frequency component (that is, the
correction value is constant regardless of the focus position).

In the flowchart of FIG. 8 in the embodiment described
above, the feature image data may be generated by using the
frequency spectrum generated in step S9 without performing
the attenuation correction shown in step S10 and step S11.

In the above-described embodiments, the frequency spec-
trum is calculated and corrected without specifying an area
in particular. However, the frequency spectrum may be
calculated and corrected only in an area of interest divided
by specific depth width and sound ray width. In this case, the
feature calculation unit 334 may individually set an optimal
attenuation rate inside the set area of interest and outside the
area of interest.

According to some embodiments, it is possible to prevent
the calculation accuracy of the frequency feature from being
lowered even in a position other than the focus position.

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

What is claimed is:

1. An ultrasound observation apparatus comprising:

a processor comprising hardware, wherein the processor

is configured to:

perform a first amplification correction on echo signals
of ultrasound echoes received by an ultrasound trans-
ducer, in which the greater a reception depth of an
echo signal, the higher an amplification factor by
which the echo signal is amplified to reduce an effect
of attenuation that is distance dependent;

generate digital radio frequency (RF) data based on the
echo signals to which the first amplification correc-
tion has been performed,

generate B-mode image data based on the digital RF
data;
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perform a second amplification correction on the digital
RF data to offset an effect of the first amplification
correction;
sample the digital RF data of sound rays of the ultra-
sound echoes on which the second amplification
correction has been performed at predetermined time
intervals to generate sample data;
perform Fast Fourier Transform (FFT) processing on
sample data groups of the sample data, each of the
sample data groups corresponding to one of a plu-
rality of reception depths, to calculate a frequency
distribution of intensity for each of the plurality of
reception depths;
calculate a distance distribution indicating a relation-
ship between intensity of a frequency spectrum and
a distance for each reception depth of a certain
frequency based on a plurality of frequency spectra;
acquire a correction amount for each reception depth
that is set in advance,
wherein the correction amount is calculated from
reference data,
wherein the reference data indicate a relationship
between:
reception depths from the ultrasound transducer at
a certain frequency and focus position; and
an intensity of the echo signal, and
wherein the correction amount for each reception
depth is a difference between the reference data set
for each reception depth and a correction value
that is a constant value regardless of a distance;
correct the distance distribution based on the correction
amount for each reception depth to reduce an effect
of attenuation that is frequency dependent;
restore the frequency distribution based on the distance
distribution that has been corrected based on the
correction amount;
calculate a feature of the frequency distribution that has
been restored; and
determine visual information based on the feature cal-
culated.
2. The ultrasound observation apparatus according to
claim 1,
wherein the processor is configured to:
control a display to display a visual image based on the
visual information and a B-mode image based on the
B-mode image data.
3. A method comprising:
performing a first amplification correction on echo signals
of ultrasound echoes received by an ultrasound trans-
ducer, in which the greater a reception depth of an echo
signal, the higher an amplification factor by which the
echo signal is amplified to reduce an effect of attenu-
ation that is distance dependent;
generating digital radio frequency (RF) data based on the
echo signals to which the first amplification correction
has been performed;
generating B-mode image data based on the digital RF
data;
performing a second amplification correction on the digi-
tal RF data to offset an effect of the first amplification
correction;
sampling the digital RF data of sound rays of the ultra-
sound echoes on which the second amplification cor-
rection has been performed at predetermined time
intervals to generate the sample data;
performing Fast Fourier Transform (FFT) processing on
sample data groups of the sample data, each of the
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sample data groups corresponding to one of a plurality
of reception depths, to calculate a frequency distribu-
tion of intensity for each of the plurality of reception
depths;
calculating a distance distribution indicating a relation-
ship between intensity of a frequency spectrum and a
distance for each reception depth of a certain frequency
based on a plurality of frequency spectra;
acquiring a correction amount for each reception depth
that is set in advance,
wherein the correction amount is calculated from ref-
erence data,
wherein the reference data indicate a relationship
between:
reception depths from the ultrasound transducer at a
certain frequency and focus position; and
an intensity of the echo signal, and
wherein the correction amount for each reception depth
is a difference between the reference data set for each
reception depth and a correction value that is a
constant value regardless of a distance;
correcting the distance distribution based on the correc-
tion amount for each reception depth to reduce an effect
of attenuation that is frequency dependent;
restoring the frequency distribution based on the distance
distribution that has been corrected based on the cor-
rection amount;
calculating a feature of the frequency distribution that has
been restored; and
determining visual information based on the feature cal-
culated.
4. The method according to claim 3, further comprising:
controlling a display to display a visual image based on
the visual information and a B-mode image based on
the B-mode image data.
5. A non-transitory computer-readable recording device
storing instructions that cause a computer to at least:
perform a first amplification correction on echo signals of
ultrasound echoes received by an ultrasound trans-
ducer, in which the greater a reception depth of an echo
signal, the higher an amplification factor by which the
echo signal is amplified to reduce an effect of attenu-
ation that is distance dependent;
generate digital radio frequency (RF) data based on the
echo signals to which the first amplification correction
has been performed;
generate B-mode image data based on the digital RF data;
perform a second amplification correction on the digital
RF data to offset an effect of the first amplification
correction;
sample the digital RF data of sound rays of the ultrasound
echoes on which the second amplification correction
has been performed at predetermined time intervals to
generate sample data;
perform Fast Fourier Transform (FFT) processing on
sample data groups of the sample data, each of the
sample data groups corresponding to one of a plurality
of reception depths, to calculate a frequency distribu-
tion of intensity for each of the plurality of reception
depths;
calculate a distance distribution indicating a relationship
between intensity of a frequency spectrum and a dis-
tance for each reception depth of a certain frequency
based on a plurality of frequency spectra;
acquire a correction amount for each reception depth that
is set in advance,
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wherein the correction amount is calculated from ref-
erence data,

wherein the reference data indicate a relationship
between:
reception depths from the ultrasound transducer at a

certain frequency and focus position; and

an intensity of the echo signal, and

wherein the correction amount for each reception depth
is a difference between the reference data set for each
reception depth and a correction value that is a
constant value regardless of a distance;

correct the distance distribution based on the correction

amount for each reception depth to reduce an effect of
attenuation that is frequency dependent;

restore the frequency distribution based on the distance

distribution that has been corrected based on the cor-
rection amount;

calculate a feature of the frequency distribution that has

been restored; and

determine visual information based on the feature calcu-

lated.

6. The non-transitory computer-readable recording device
according to claim 5, wherein the instructions further cause
the computer to perform at least:

control a display to display a visual image based on the

visual information and a B-mode image based on the
B-mode image data.
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