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(57) ABSTRACT

An ultrasonic observation apparatus is provided with a signal
amplifier which amplifies a signal of an ultrasonic wave
received from a sample with an amplification factor accord-
ing to a receiving depth in order to use the signal in generating
aB-mode image, a B-mode image data generator which gen-
erates B-mode image data in which the amplitude of the
signal of the ultrasonic wave amplified by the signal amplifier
is converted into brightness for display, an amplification cor-
rector which performs correction to cancel the influence of
the amplification by the signal amplifier in order to make the
amplification factor constant with respect to the signal of the
ultrasonic wave amplified by the signal amplifier regardless
of the receiving depth, a frequency analyzer which calculates
afrequency spectrum by analyzing the frequency of the signal
of the ultrasonic wave corrected by the amplification correc-
tor, and a feature data extractor which extracts feature data of
the sample by performing an approximation process and an
attenuation correction process for reducing the contribution
of the attenuation occurring in accordance with the receiving
depth ofthe ultrasonic wave and the frequency in transmitting
the ultrasonic wave.

11 Claims, 11 Drawing Sheets
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ULTRASONIC OBSERVATION APPARATUS,
OPERATION METHOD OF THE SAME, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of PCT international
application Ser. No. PCT/JP2011/76027 filed on Nov. 11,
2011 which designates the United States, incorporated herein
by reference, and which claims the benefit of priority from
Japanese Patent Application No. 2010-253290, filed on Nov.
11, 2010, incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic observation
apparatus which observes the tissue of a sample using ultra-
sonic waves, an operation method of the ultrasonic observa-
tion apparatus, and a computer readable recording medium.

2. Description of the Related Art

Hitherto, an ultrasonic elastography technique has been
known as a technique for examining breast cancer or the like
using ultrasonic waves (for example, see WO 2005/122906).
Ultrasonic elastography is a technique using the fact that the
hardness of cancer or tumor tissue in vivo varies depending on
the progress of a disease or a living body. In this technique, in
a state in which an examination site is pressed from the
outside, the distortion amount or elastic modulus of a living
tissue in the examination site is measured using ultrasonic
waves, and the result of the measurement is displayed as a
tomographic image.

In the observation using ultrasonic waves, attenuation
caused by the transmission of an ultrasonic wave is corrected
to perform A/D conversion in an optimum range, and thus
Sensitivity Time Control (STC) correction is usually per-
formed on received data (analog signal) for generating a
B-mode image to add a higher amplification factor to the
received data at a deep position (for example, see Japanese
Laid-open Patent Publication No. 10-216143).

SUMMARY OF THE INVENTION

An ultrasonic observation apparatus according to the
present invention sends an ultrasonic wave to a sample and
receives the ultrasonic wave reflected by the sample, the
apparatus including: a signal amplifier which amplifies a
signal of the ultrasonic wave received from the sample with
an amplification factor according to a receiving depth in order
to use the signal in generating a B-mode image; a B-mode
image data generator which generates B-mode image data in
which the amplitude of the signal of the ultrasonic wave
amplified by the signal amplifier is converted into brightness
and displayed; an amplification corrector which performs
correction to cancel the influence of the amplification by the
signal amplifier in order to make the amplification factor
constant with respect to the signal of the ultrasonic wave
amplified by the signal amplifier regardless of the receiving
depth; a frequency analyzer which calculates a frequency
spectrum by analyzing the frequency of the signal of the
ultrasonic wave corrected by the amplification corrector; and
a feature data extractor which extracts feature data of the
sample by performing an approximation process and an
attenuation correction process for reducing the contribution
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of the attenuation occurring in accordance with the receiving
depth ofthe ultrasonic wave and the frequency in transmitting
the ultrasonic wave.

A method of operating an ultrasonic observation apparatus
according to the present invention sends an ultrasonic wave to
a sample and receives the ultrasonic wave reflected by the
sample, the method including: amplifying a signal of the
ultrasonic wave received from the sample with an amplifica-
tion factor according to a receiving depth in order to use the
signal in generating a B-mode image; generating B-mode
image data in which the amplitude of the amplified signal of
the ultrasonic wave is converted into brightness for display
using a B-mode image data generator; performing correction
to cancel the influence of the amplification in order to make
the amplification factor constant with respect to the amplified
signal of the ultrasonic wave regardless of the receiving
depth; calculating a frequency spectrum using a frequency
analyzer by analyzing the frequency of the corrected signal of
the ultrasonic wave; and extracting feature data of the sample
using a feature data extractor by performing an approxima-
tion process and an attenuation correction process for reduc-
ing the contribution of the attenuation occurring in accor-
dance with the receiving depth of the ultrasonic wave and the
frequency in transmitting the ultrasonic wave.

A non-transitory computer readable recording medium on
which an executable program is recorded, the program
instructing a processor to execute: amplifying a signal of the
ultrasonic wave received from the sample with an amplifica-
tion factor according to a receiving depth in order to use the
signal in generating a B-mode image; generating B-mode
image data in which the amplitude of the amplified signal of
the ultrasonic wave is converted into brightness for display
using a B-mode image data generator; performing correction
to cancel the influence of the amplification in order to make
the amplification factor constant with respect to the amplified
signal of the ultrasonic wave regardless of the receiving
depth; and calculating a frequency spectrum using a fre-
quency analyzer by analyzing the frequency of the corrected
signal of the ultrasonic wave, and extracting feature data of
the sample using a feature data extractor by performing an
approximation process and an attenuation correction process
for reducing the contribution of the attenuation occurring in
accordance with the receiving depth of the ultrasonic wave
and the frequency in transmitting the ultrasonic wave.

The above and other features, advantages and technical and
industrial significance of this invention will be better undet-
stood by reading the following detailed description of pres-
ently preferred embodiments of the invention, when consid-
ered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a diagram illustrating the relationship between a
receiving depth and an amplification factor in an amplifica-
tion process which is performed by a signal amplifier of the
ultrasonic observation apparatus according to the first
embodiment of the invention;

FIG. 3 is a diagram illustrating the relationship between a
receiving depth and an amplification factor in an amplifica-
tion process which is performed by an amplification corrector
of the ultrasonic observation apparatus according to the first
embodiment of the invention;
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FIG. 4 is a flowchart illustrating the outline of a process of
the ultrasonic observation apparatus according to the first
embodiment of the invention;

FIG. 5 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 invention;

FIG. 6 is a flowchart illustrating the outline of a process
which is performed by a frequency analyzer of the ultrasonic
observation apparatus according to the first embodiment of
the invention,

FIG. 7 is a diagram schematically illustrating data arrange-
ment of one acoustic ray;

FIG. 8 is a diagram illustrating an example (first example)
of a frequency spectrum which is calculated by the frequency
analyzer of the ultrasonic observation apparatus according to
the first embodiment of the invention,

FIG. 9 is a diagram illustrating an example (second
example) of a frequency spectrum which is calculated by the
frequency analyzer of the ultrasonic observation apparatus
according to the first embodiment of the invention;

FIG. 10 is a diagram illustrating a new straight line which
is determined by feature data after the feature data related to
the straight line shown in FIG. 8 is subjected to attenuation
correction;

FIG. 11 is a flowchart illustrating the outline of a process
which is performed by a tissue characteristic determination
unit of the ultrasonic observation apparatus according to the
first embodiment of the invention;

FIG. 12 is a diagram illustrating an example of a feature
data space which is set by the tissue characteristic determi-
nation unit of the ultrasonic observation apparatus according
to the first embodiment of the invention;

FIG. 13 is a diagram illustrating a display example of a
determination result display image which is displayed by the
display unit of the ultrasonic observation apparatus according
to the first embodiment of the invention;

FIG. 14 is a diagram explaining an effect of an attenuation
correction process which is performed by the ultrasonic
observation apparatus according to the first embodiment of
the invention,

FIG. 15 is a flowchart illustrating the outline of a process
which is performed by an ultrasonic observation apparatus
according to a second embodiment of the invention; and

FIG. 16 is a diagram schematically illustrating the outline
of an attenuation correction process which is performed by
the ultrasonic observation apparatus according to the second
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, modes (hereinafter, referred to as “embodi-
ments”) for carrying out the invention will be described with
reference to the accompanying drawings.

First Embodiment

FIG. 1 is a block diagram illustrating the configuration of
an ultrasonic observation apparatus according to a first
embodiment of the invention. The ultrasonic observation
apparatus 1 illustrated in FIG. 1 is an apparatus which
observes a sample using ultrasonic waves.

The ultrasonic observation apparatus 1 is provided with an
ultrasonic probe 2 which outputs an ultrasonic pulse to the
outside and receives an externally-reflected ultrasonic echo, a
sending/receiving unit 3 which sends and receives an electric
signal to and from the ultrasonic probe 2, a computing unit 4
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which subjects an electric echo signal obtained by converting
an ultrasonic echo to predetermined computing, an image
processor 5 which generates image data corresponding to an
electric echo signal obtained by converting an ultrasonic
echo, an input unit 6 which is realized using an interface such
as a keyboard, a mouse, and a touch panel and receives input
of various information, a display unit 7 which is realized
using a display panel formed of liquid crystal, organic EL, or
the like and displays various information including an image
generated by the image processor 5, a storage unit 8 which
stores various information including information related to
the tissue characteristics of known samples, and a controller 9
which controls the operation of the ultrasonic observation
apparatus 1.

The ultrasonic probe 2 has a signal converter 21 which
converts an electric pulse signal received from the sending/
receiving unit 3 into an ultrasonic pulse (acoustic pulse sig-
nal) and converts an ultrasonic echo reflected from an exterior
sample into an electric echo signal. The ultrasonic probe 2
may mechanically scan an ultrasonic transducer, or may elec-
tronically scan a plurality of ultrasonic transducers.

The sending/receiving unit 3 is electrically connected to
the ultrasonic probe 2 to send a pulse signal to the ultrasonic
probe 2 and to receive an echo signal as a received signal from
the ultrasonic probe 2. Specifically, the sending/receiving
unit 3 generates a pulse signal on the basis of a waveform and
sending timing which are set in advance, and sends the gen-
erated pulse signal to the ultrasonic probe 2.

The sending/receiving unit 3 has a signal amplifier 31
which amplifies an echo signal. Specifically, the signal ampli-
fier 31 performs STC correction so that the higher the receiv-
ing depth of an echo signal, the higher the amplification factor
the signal is amplified with. FIG. 2 is a diagram illustrating
the relationship between a receiving depth of an echo signal
and an amplification factor. A receiving depth z shown in FIG.
2 is an amount which is calculated on the basis of an elapsed
time from a time point at which reception of an ultrasonic
wave is started. As shown in FIG. 2, an amplification factor f3
linearly increases from f3, to B, (>f,) with an increase of the
receiving depth z when the receiving depth z is less than a
threshold z,,. In addition, the amplification factor f takes a
certain value 3, when the receiving depth z is equal to or
greater than the threshold z,,,. The value of the threshold z,,, 1s
a value at which the ultrasonic signal received from a sample
is almost attenuated and noise is thus dominant. More genet-
ally, the amplification factor f§ may monotonically increase
with an increase of the receiving depth z when the receiving
depth z is less than the threshold z,,,.

The sending/receiving unit 3 subjects the echo signal
amplified by the signal amplifier 31 to a process such as
filtering, and then A/D converts the processed signal to gen-
erate and output a digital RF signal. In the case where the
ultrasonic probe 2 electronically scans a plurality of ultra-
sonic transducers, the sending/receiving unit 3 has a multi-
channel circuit for beam synthesis corresponding to the plu-
rality of ultrasonic transducers.

The computing unit 4 has an amplification corrector 41
which performs amplification correction to make the ampli-
fication factor constant with respect to the digital RF signal
output from the sending/receiving unit 3 regardless of the
receiving depth, a frequency analyzer 42 which subjects the
digital RF signal subjected to the amplification correction to
fast Fourier transform (FFT) to analyze the frequency, a fea-
ture data extractor 43 which subjects the frequency spectrum
(power spectrum) calculated by the frequency analyzer 42 to
an approximation process and a correction process for reduc-
ing the contribution of the attenuation of the ultrasonic wave
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depending on the receiving depth and the frequency of the
ultrasonic wave to extract the feature data of the frequency
spectrum, and a tissue characteristic determination unit 44
which determines the tissue characteristic of a predetermined
area of a sample by using the feature data extracted by the
feature data extractor 43.

FIG. 3 is a diagram illustrating the relationship between a
receiving depth and an amplification factor in the amplifica-
tion process which is performed by the amplification correc-
tor 41. As shown in FIG. 3, the amplification factor of the
amplification process which is performed by the amplifica-
tion corrector 41 is a maximum value f,,-f, at a receiving
depth of zero, is linearly reduced at a receiving depth of up to
areceiving depth z,,, and is zero at the receiving depth z,, or
greater. When a digital RF signal is amplified with such an
amplification factor, the influence of the STC correction in the
signal amplifier 31 can be offset, and a signal of the certain
amplification factor f;, can be output. Of course, the relation-
ship between the receiving depth z and the amplification
factor § achieved in the amplification corrector 41 varies in
accordance with the relationship between the receiving depth
and the amplification factor in the signal amplifier 31.

For each acoustic ray (line data), the frequency analyzer 42
subjects an FFT data group formed of a predetermined data
amount to a fast Fourier transform to calculate a frequency
spectrum. The frequency spectrum tends to vary depending
on the tissue characteristic of a sample. The reason for this is
that the frequency spectrum is correlated with the size, den-
sity, acoustic impedance, and the like of a sample as a scat-
terer which scatters an ultrasonic wave.

The feature data extractor 43 has an approximation unit
431 which approximates the frequency spectrum calculated
by the frequency analyzer 42 to calculate pre-correction fea-
ture data before performing an attenuation correction pro-
cess, and an attenuation corrector 432 which subjects the
pre-correction feature data approximated by the approxima-
tion unit 431 to an attenuation correction process to extract
the feature data.

The approximation unit 431 approximates the frequency
spectrum with a linear expression through regression analysis
to extract pre-correction feature data characterizing the linear
expression. Specifically, the approximation unit 431 calcu-
lates a gradient a, and an intercept by, of the linear expression
through regression analysis, and calculates, as pre-correction
feature data, a strength at a specific frequency in the fre-
quency band in the frequency spectrum. In the first embodi-
ment, although the approximation unit 431 calculates a
strength (Mid-band fit) c,=af,,+b, at a center frequency
f = ont a2, this is just an example. Here, the
“strength” is any of parameters such as voltage, electric
power, sound pressure, acoustic energy, and the like.

Itis thought that among the three pieces of feature data, the
gradient a, is correlated with the size of an ultrasonic scat-
terer, and generally, the greater the size of the scatterer, the
less the value of the gradient. In addition, the intercept by, is
correlated with the size of a scatterer, the difference in the
acoustic impedance, the density (concentration) of a scatterer,
and the like. Specifically, it is thought that the greater the size
of the scatterer, the greater the value of the intercept b, the
greater the size of the acoustic impedance, the greater the
value of the intercept by, and the greater the density (concen-
tration) of the scatterer, the greater the value of the intercept
b, The strength ¢, at the center frequency f,;,, (hereinafter,
simply referred to as “strength”) is an indirect parameter
derived from the gradient a, and the intercept by, and gives a
spectrum strength at the center in an effective frequency band.
Therefore, it is thought that the strength ¢, is correlated to
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some degree with the brightness of a B-mode image in addi-
tion to the size of a scatterer, the difference in the acoustic
impedance, and the density of a scatterer. The approximate
polynomial which is calculated by the feature data extractor
43 is not limited to the linear expression, and a quadratic or
higher-order approximate polynomial can also be used.

The correction which is performed by the attenuation cor-
rector 432 will be described. An ultrasonic attenuation
amount A can be represented as follows:

A=20zf o))

Here, a is an attenuation rate, z is the receiving depth of an
ultrasonic wave, and f is a frequency. As is obvious from
Expression (1), the attenuation amount A is proportional to
the frequency f. The specific value of the attenuation rate o is,
in the case of a living body, in the range of 0 to 1.0 (dB/c/
MHz), and preferably 0.3 to 0.7 (dB/cn/MHz), and it is
determined in accordance with the type of an observation
target organ. For example, when the observation target organ
is a pancreas, 0=0.6 (dB/cm/MHz) is determined. In the first
embodiment, a configuration can also be employed in which
the value of the attenuation rate . can be changed by an input
from the input unit 6.

The attenuation corrector 432 corrects the pre-correction
feature data (gradient a,, intercept by, strength C,) extracted
by the approximation unit 431 as follows.

a=ayt2oz
b=by (3)

@
As is obvious from Expressions (2) and (4), the greater the
receiving depth z of the ultrasonic wave, the greater the cor-
rection amount the attenuation corrector 432 performs cor-
rection with. In addition, according to Expression (3), the
correction related to the intercept is an identical transforma-
tion. The reason for this is that the intercept is a frequency
component corresponding to 0 frequency (Hz) and is not
subjected to attenuation.

The tissue characteristic determination unit 44 calculates,
for each feature data, an average and a standard deviation of
the feature data of the frequency spectrum extracted by the
feature data extractor 43 and corrected by the attenuation
corrector 432. The tissue characteristic determination unit 44
determines the tissue characteristic of a predetermined area of
asample by using the calculated average and standard devia-
tion and by using averages and standard deviations of the
feature data of frequency spectrums of known samples which
are stored in the storage unit 8. Here, the “predetermined
area” is an area in an image which is designated by an opera-
tor of the ultrasonic observation apparatus 1, who has seen the
image generated by the image processor 5, using the input
unit 6 (hereinafter, referred to as “area of interest™). In addi-
tion, the “tissue characteristic” is any of cancer, endocrine
tumor, mucinous tumor, normal tissue, normal blood vessel,
and the like. When the sample is a pancreas, chronic pancre-
atitis, autoimmune pancreatitis, and the like are also included
as tissue characteristics.

The average and the standard deviation of the feature data
which are calculated by the tissue characteristic determina-
tion unit 44 reflecta change at a cell level such as enlargement
of a nucleus and variants and a change in the tissue such as
hyperplasia of fibers and substitution with fibers of a paren-
chymal tissue in an interstitium, and shows unique values in
accordance with the tissue characteristic. Accordingly, the
tissue characteristic of a predetermined area of a sample can

e=+202fn(afviptb)
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be accurately determined by using the average and the stan-
dard deviation of the feature data.

The image processor 5 has a B-mode image data generator
51 which generates B-mode image data from an echo signal,
a feature data image data generator 52 which generates fea-
ture data image data to display visual information corre-
sponding to the feature data of a sample, and a determination
result display image data generator 53 which generates deter-
mination result display image data to display a determination
result of the tissue characteristic of the area of interest and
information related to the determination result by using the
data output by the B-mode image data generator 51 and the
computing unit 4.

The B-mode image data generator 51 subjects a digital
signal to a signal process using a known technique such as a
band-pass filter, logarithmic transformation, gain processing,
or contrast processing, and performs data culling according to
a data step width determined in accordance with the display
range of an image in the display unit 7 to generate B-mode
image data.

The visual information to be used in generating the feature
data image data by the feature data image data generator 52 is
a variable constituting a color space such as a RGB color
system having R (red), G (green), and B (blue) as variables.

The determination result display image data generator 53
generates determination result display image data including
the B-mode image data generated by the B-mode image data
generator 51, the feature data image data generated by the
feature data image data generator 52, the feature data
extracted by the feature data extractor 43, and the determina-
tion result obtained by determination of the tissue character-
istic determination unit 44.

The storage unit 8 is provided with a known sample infor-
mation storage unit 81 which stores information of known
samples, an amplification factor information storage unit 82
which stores information of the amplification factor referred
to when the signal amplifier 31 and the amplification correc-
tor 41 perform an amplification process, a window function
storage unit 83 which stores a window function to be used in
the frequency analysis process which is performed by the
frequency analyzer 42, and a correction information storage
unit 84 which stores correction information referred to when
the attenuation corrector 432 performs a process.

The known sample information storage unit 81 stores fea-
ture data of the frequency spectrums extracted with respect to
known samples in association with the tissue characteristics
of the known samples. In addition, the known sample infor-
mation storage unit 81 stores, with respect to the feature data
of the frequency spectrum related to the known samples, an
average and a standard deviation calculated for each of the
groups classified on the basis of the tissue characteristics of
the known samples in addition to all pieces of feature data of
the known samples. Here, the feature data of the known
samples is extracted in the same manner as in the first embodi-
ment. However, there is no need that the ultrasonic observa-
tion apparatus 1 should perform the process of extracting the
feature data of the known samples. It is desirable that the
information of the known samples stored in the known
sample information storage unit 81 has high reliability in
terms of the tissue characteristics. The amplification factor
information storage unit 82 stores the relationships between
the amplification factor and the receiving depth, which are
shown in FIGS. 2 and 3. The window function storage unit 83
stores at least one of the window functions such as Hamming,
Hanning, and Blackman. The correction information storage
unit 84 stores information related to the conversion of Expres-
sions (2) to (4).
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The storage unit 8 is realized using a ROM which stores an
operating program of the ultrasonic observation apparatus
according to the first embodiment, a program for operating a
predetermined OS, and the like in advance, a RAM which
stores computing parameters and data of the respective pro-
cesses, or the like.

The constituent elements other than the ultrasonic probe 2
of the ultrasonic observation apparatus 1 having the above-
described functions and configurations are realized using a
computer provided with a CPU having a computing function
and a control function. The CPU of the ultrasonic observation
apparatus 1 reads out the information stored in the storage
unit 8 and various programs including the above-described
operating program of the ultrasonic observation apparatus
from the storage unit 8 to execute a computing process related
to a method of operating the ultrasonic observation apparatus
according to the first embodiment.

The operating program of the ultrasonic observation appa-
ratus according to the first embodiment can also be stored on
a computer readable recording medium such as a hard disk, a
flash memory, a CD-ROM, a DVD-ROM, or a flexible disk to
be widely distributed.

FIG. 4 is a flowchart illustrating the outline of a process of
the ultrasonic observation apparatus 1 having the above-de-
scribed configurations. In FIG. 4, first, the ultrasonic obser-
vation apparatus 1 measures a new sample using the ultra-
sonic probe 2 (Step S1).

Next, the signal amplifier 31 receiving an echo signal from
the ultrasonic probe 2 amplifies the echo signal (Step S2).
Here, the signal amplifier 31 performs amplification on the
basis of the relationship between the amplification factor and
the receiving depth shown in FIG. 2.

Then, the B-mode image data generator 51 generates
B-mode image data using an echo signal for a B-mode image
which is output from the sending/receiving unit 3 (Step S3).

Next, the controller 9 controls the display unit 7 to display
a B-mode image corresponding to the B-mode image data
generated by the B-mode image data generator 51 (Step S4).
FIG. 5is adiagram illustrating a display example of a B-mode
image in the display unit 7. A B-mode image 100 shown in
FIG. 5 is a gray scale image in which values of R (red), G
(green), and B (blue), which are variables when a RGB color
system is employed as a color space, are matched.

Then, when an area of interest is set through the input unit
6 (Step S5: Yes), the amplification corrector 41 performs
correction to make the amplification factor constant with
respect to the signal output from the sending/receiving unit 3
regardless of the receiving depth (Step S6). Here, the ampli-
fication corrector 41 performs an amplification process on the
basis of the relationship between the amplification factor and
the receiving depth shown in FIG. 3.

On the other hand, when no area of interest is set (Step S5:
No), the ultrasonic observation apparatus 1 terminates the
process when an instruction for terminating the process is
input by the input unit 6 (Step S7: Yes). On the contrary, when
no area of interest is set (Step S5: No), the ultrasonic obser-
vation apparatus 1 returns to Step S5 when an instruction for
terminating the process is not input by the input unit 6 (Step
S7: No).

After Step S6, the frequency analyzer 42 calculates a fre-
quency spectrum by analyzing the frequency through FFT
computing (Step S8). In the Step S8, the entire image area can
also be set as an area of interest.

Here, the process which is performed by the frequency
analyzer 42 (Step S8) will be described in detail with refer-
ence to the flowchart shown in FIG. 6. First, the frequency
analyzer 42 sets an acoustic ray number [, of an acoustic ray
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which is an analysis target as an initial value L, (Step S21).
The initial value L, may be imparted to, for example, an
acoustic ray which is initially received by the sending/receiv-
ing unit 3, or an acoustic ray corresponding to a boundary
position onone of the right and left sides of the area of interest
set by the input unit 6.

Next, the frequency analyzer 42 calculates frequency spec-
trums of all of a plurality of data positions set on one acoustic
ray. First, the frequency analyzer 42 sets an initial value Z,, of
a data position Z (corresponding to the receiving depth) rep-
resenting a series of data groups (FFT data groups) acquired
for FFT computing (Step S22). FIG. 7 is a diagram schemati-
cally illustrating data arrangement of one acoustic ray. In an
acoustic ray LD shown in FIG. 7, the white or black rectangle
means one data. The acoustic ray LD is made discrete at time
intervals corresponding to a sampling frequency (for
example, 50 MHz) in A/D conversion which is performed by
the sending/receiving unit 3. FIG. 7 shows the case in which
the first data of the acoustic ray LD is set as the initial value Z,,
of the data position Z. FIG. 7 is a just 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 the area of interest may be set as the initial value
Zo.
Then, the frequency analyzer 42 acquires an FFT data
group at the data position Z (Step S23) and allows a window
function stored in the window function storage unit 83 to act
ontheacquired FFT data group (Step S24). When the window
function acts on the FFT data group in this manner, disconti-
nuity of the FF'T data groups at the boundary can be avoided,
and an artifact can be prevented from occurring.

Next, the frequency analyzer 42 determines whether or not
the FFT data group at the data position Z is a normal data
group (Step S25). Here, itis necessary for the FFT data group
to have the number of pieces of data being a power of two.
Hereinafter, the FFT data group has 2” (n is a positive integer)
pieces of data. The normal FFT data group means that the data
position Z is a 2”~'-th position from the front in the FFT data
group. In other words, the normal FFT data group means that
there are 2" -1 (=N) pieces of data before the data position Z,
and there are 2" (=M) pieces of data after the data position Z.
InFIG.7,the FFT data groups F,, F 5, and F ., arenormal, and
the FFT data groups F, and F - are abnormal. In FIG. 7, n=4 is
set (N=7, M=g).

As aresult of the determination in Step S25, when the FFT
data group at the data position Z is normal (Step S25: Yes), the
frequency analyzer 42 proceeds to Step S27 to be described
later.

As aresult of the determination in Step S25, when the FFT
data group at the data position Z is not normal (Step S25: No),
the frequency analyzer 42 generates a normal FFT data group
by inserting zero data by a shortfall (Step S26). For the FFT
data group which has been determined to be abnormal in Step
S25, a window function acts before the addition of zero data.
Therefore, data discontinuity does not occur even when zero
data is inserted into the FFT data group. After Step S26, the
frequency analyzer 42 proceeds to Step S27 to be described
later.

In Step S27, the frequency analyzer 42 obtains a frequency
spectrum by performing FFT computing using the FFT data
group (Step S27). FIGS. 8 and 9 are diagrams illustrating an
example of the frequency spectrum calculated by the fre-
quency analyzer 42. In FIGS. 8 and 9, a horizontal axis
represents a frequency, and a vertical axis I represents a
strength. In frequency spectrum curves C, and C, shown in
FIGS. 8 and 9, respectively, a minimum frequency f; ,, and a
maximum frequency fy;5; of the frequency spectrum are
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parameters which are determined on the basis of the fre-
quency band of the ultrasonic probe 2, the frequency band of
the pulse signal sent from the sending/receiving unit 3, and
the like. For example, f; ,;,=3 MHz, and f,;,;,~10 MHz. A
straight line [, shown in FIG. 8 and a straight line [, shown
in FIG. 9 will be described in a description about a feature
data extraction process. In the first embodiment, the curve and
the straight line are formed of a set of discrete points. The
same is true of embodiments to be described later.

Next, the frequency analyzer 42 adds a predetermined data
step width D to the data position Z to calculate a data position
7 of a FFT data group which is a next analysis target (Step
S28). Here, it is desirable that the data step width D is made
equal to a data step width which is used in generating B-mode
image data by the B-mode image data generator 51. However,
when the computing amount in the frequency analyzer 42 is to
be reduced, the data step width D may be set to be greater than
the data step width which is used by the B-mode image data
generator 51. FIG. 7 shows the case in which D=15.

Then, the frequency analyzer 42 determines whether or not
the data position 7 is greater than a final data position 7,
(Step S29). Here, the final data position Z,,,,. may be a data
length of the acoustic ray LD, or may be a data position
corresponding to alower end of the area of interest. As aresult
of the determination, when the data position 7. is greater than
the final data position Z, . (Step S29: Yes), the frequency
analyzer 42 increases an acoustic ray number [ by 1 (Step
S30). On the other hand, when the data position Z is equal to
or less than the final data position 7, (Step S29: No), the
frequency analyzer 42 returns to Step S$23. In this manner,
regarding one acoustic ray LD, the frequency analyzer 42
subjects [{(Z,,,;x~Zo)/D}+1] (=K) FFT data groups to FFT
computing. Here, [X] represents a maximum integer not
exceeding X.

When the acoustic lay number L increased in Step S30 is
greater than a final acoustic ray number L, (Step S31: Yes),
the frequency analyzer 42 returns to the main routine shown
in FI1G. 4. On the other hand, when the acoustic lay number L
increased in Step S30 is equal to or less than the final acoustic
ray number L, (Step S31: No), the frequency analyzer 42
returns to Step S22.

In this manner, the frequency analyzer 42 performs FFT
computing K times for each of (L,,,,~Lo+1) acoustic rays.
The final acoustic ray number L, . may be imparted to, for
example, an acoustic ray which is finally received by the
sending/receiving unit 3, or an acoustic ray corresponding to
a boundary on one of the right and left sides of the area of
interest. Hereinafter, the total number (L, .-L,+1)xK of
FFT computing operations performed for all of the acoustic
rays by the frequency analyzer 42 is represented by P.

Next to the above-described frequency analysis process in
Step S8, the approximation unit 431 subjects the P frequency
spectrums calculated by the frequency analyzer 42 to regres-
sion analysis as an approximation process to extract pre-
correction feature data (Step S9). Specifically, the approxi-
mation unit 431 calculates a linear expression for
approximating the frequency spectrum of the frequency band
£} o, <E<Lyqpr through regression analysis, and thus extracts a
gradient a,, an intercept b, and a strength ¢, characterizing
the linear expression as pre-correction feature data. The
straight line L, shown in F1G. 8 and the straight line L, shown
in FIG. 9 are regression lines which are obtained by subject-
ing the frequency spectrum curves C, and C, to a feature data
extraction process in Step S9.

Then, the attenuation corrector 432 subjects the pre-cor-
rection feature data extracted by the approximation unit 431
to an attenuation correction process (Step S10). For example,
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when a sampling frequency of the data is 50 MHz, the time
interval of data sampling is 20 (nsec). Here, when the speed of
sound is 1,530 (m/sec), the distance interval of data sampling
is 1,530 (m/sec)x20 (nsec)/2=0.0153 (mm). When the num-
ber of data steps from the first data of the acoustic ray LD to
a data position of the FFT data group of the processing target
is k, the data position Z is 0.0153 k (mm). The attenuation
corrector 432 substitutes the value of the data position Z
obtained as above for the receiving depths z of the above-
described Expressions (2) to (4) to calculate a gradient a, an
intercept b, and a strength ¢ which are feature data of the
frequency spectrum. FIG. 10 is a diagram illustrating a
straight line which is determined by feature data, related to
the straight line L, shown in FIG. 8, subjected to attenuation
correction. The expression representing a straight line L'
shown in FIG. 10 is as follows:

T=af+b=(ag+20Z)f+b, ©)

As is obvious from Expression (5), the straight line L' is
inclined greater than the straight line L, and has the same
intercept value as that of the straight line ;.

Then, the tissue characteristic determination unit 44 deter-
mines a tissue characteristic in the area of interest of the
sample on the basis of the feature data extracted by the feature
data extractor 43 and corrected by the attenuation corrector
432 and the known sample information stored in the known
sample information storage unit 81 (Step S11).

Here, the process (Step S11) which is performed by the
tissue characteristic determination unit 44 will be described
in detail with reference to the flowchart shown in FIG. 11.
First, the tissue characteristic determination unit 44 sets a
feature data space to be used in determining the tissue char-
acteristic (Step S41). In the first embodiment, two of the three
pieces of feature data, that is, a gradient a, an intercept b, and
astrength ¢, are independent parameters. Accordingly, a two-
dimensional space with optional two of the three pieces of
feature data as components can be set as a feature data space.
In addition, a one-dimensional space with optional one of the
three pieces of feature data as a component can also be set as
the feature data space. In Step S41, although the feature data
space to be set is determined in advance, the operator may
select a desired feature data space through the input unit 6.

FIG. 12 is a diagram illustrating an example of the feature
data space set by the tissue characteristic determination unit
44. In the feature data space shown in FIG. 12, the horizontal
axis represents the intercept b, and the vertical axis represents
the strength ¢. The point Sp shown in FIG. 12 represents a
point having the intercept b and the strength ¢ as coordinates
of the feature data space, which have been calculated with
respect to a sample as a determination target (hereinafter, this
point is referred to as “sample point™). In addition, the areas
G,, G,, and G, shown in FIG. 12 represent groups in which
the tissue characteristics of known samples stored in the
known sample information storage unit 81 are L, v, and p,
respectively. In the case shown in FIG. 12, each of the three
groups G, G,, and G, is present in an area which does not
intersect with other groups on the feature data space.

In the first embodiment, even when obtaining the feature
data of known samples, tissue characteristics are classified
and determined using the feature data as anindex, obtained by
subjecting the pre-correction feature data of the frequency
spectrum obtained by frequency analysis to attenuation cor-
rection. Accordingly, the tissue characteristics different from
each other can be sharply distinguished. Particularly, in the
first embodiment, since feature data subjected to attenuation
correction is used, the areas of the respective tissue charac-
teristics in the feature data space can be separated more
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clearly than in the case in which feature data extracted with-
out performing attenuation correction is used.

After Step S41, the tissue characteristic determination unit
44 calculates distances d,,, d,,, and d,, on the feature data space
between the sample point Sp and points [, v, and p, (here-
inafter, these points are referred to as “known sample average
points”) which have, as coordinates in the feature data space,
an average of the intercept b and an average of the strength c
of the frequency spectrum of the FFT data group included in
the groups G, G,, and G, respectively (Step S42). Here,
when the scales of the b-axis component and the c-axis com-
ponent in the feature data space are significantly different
from each other, it is desirable to appropriately perform
weighting for approximately equalizing the contribution of
each distance.

Next, the tissue characteristic determination unit 44 deter-
mines tissue characteristics of all of sample points including
the sample point Sp on the basis of the distances calculated in
Step S42 (Step S43). For example, in the case shown in FIG.
12, the distance d}l 1s the minimum, and thus the tissue char-
acteristic determination unit 44 determines that the tissue
characteristic of the sample is 1. When the sample point Sp is
extremely distant from the known sample average points [,
Vo, and p,, the result of the tissue characteristic determination
has low reliability even when minimum values of the dis-
tances d,,, d,, and d, are obtained. Therefore, whend,,, d,, and
d,, are greater than a predetermined threshold, the tissue char-
acteristic determination unit 44 may output an error signal. In
addition, when values of two or more of d, d,, and d, are
minimum, the tissue characteristic determination unit 44 may
select all of the tissue characteristics corresponding to the
minimum values as candidates, or may select any one tissue
characteristic in accordance with a predetermined rule.
Examples of the latter case include a method in which the
priority of a highly malignant tissue characteristic such as
cancer is set to be high. In addition, when values of two or
more of d,, d,, and d,, are minimunm, the tissue characteristic
determination unit 44 may output an error signal.

Then, the tissue characteristic determination unit 44 out-
puts the distance calculation result in Step S42 and the deter-
mination result in Step S43 (Step S44). Accordingly, the
tissue characteristic determination process in Step S11 is
terminated.

After the above-described Step S11, the feature data image
data generator 52 generates feature data image data to display
visual information corresponding to the feature data extracted
by the feature data extractor 43 (Step S12).

Next, the determination result display image data generator
53 generates determination result display image data using
the B-mode image data generated by the B-mode image data
generator 51, the feature data calculated by the feature data
extractor 43, the feature data image data generated by the
feature data image data generator 52, and the determination
result obtained by the tissue characteristic determination unit
44 (Step S13).

Then, the display unit 7 displays the determination result
display image generated by the determination result display
image data generator 53 (Step S14). FIG. 13 is a diagram
illustrating a display example of the determination result
display image which is displayed by the display unit 7. A
determination result display image 200 shown in FIG. 13 has
an information display unit 201 which displays various
related information including the result of the tissue charac-
teristic determination and an image display unit 202 which
displays a feature data image to display the feature data on the
basis of the B-mode image.
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The information display unit 201 displays identification
information (ID number, name, sex, and the like) of a sample,
the tissue characteristic determination result calculated by the
tissue characteristic determination unit 44, information
related to the feature data in determining the tissue character-
istic, and ultrasonic image quality information such as gain
and contrast. Here, as the information related to the feature
data, it is possible to perform a display using averages and
standard deviations of the feature data of the frequency spec-
trums of FFT data of Q groups positioned inside the area of
interest. Specifically, the information display unit 201 can
display, for example, gradient=1.5+0.3 (dB/MHz), intet-
cept=-60+2 (dB), and strength=-50+1.5 (dB).

A feature data image 300 which is displayed on the image
display unit 202 is a gray scale image in which regarding the
B-mode image 100 shown in FIG. 5, the intercept b is uni-
formly assigned to R (red), G (green), and B (blue).

When the display unit 7 displays the determination result
display image 200 having the above-described configuration,
the operator can more accurately grasp the tissue character-
istic of the area of interest. The determination result display
image is not limited to the above-described configuration. For
example, the feature data image and the B-mode image may
be displayed next to each other as the determination result
display image. Accordingly, the difference between both of
the images can be recognized on the one screen.

FIG. 14 is a diagram explaining an effect of the attenuation
correction process which is performed by the ultrasonic
observation apparatus 1. An image 400 shown in FIG. 14 is a
feature data image when attenuation correction is not pet-
formed. In the case of the feature data image 400, the signal
strength is reduced due to the influence of attenuation in an
area with a high receiving depth (lower area in FIG. 14),
whereby the image becomes dark. On the contrary, itis found
that in the feature data image 300 subjected to the attenuation
correction, an image having uniform brightness is obtained
over the entire screen.

The feature data images 300 shown in FIGS. 13 and 14 are
just an example. For example, three feature data items a', b,
and ¢' can be assigned to R, G, and B, respectively, to display
a feature data image by a color image. In this case, since the
tissue characteristic is expressed with a unique color, the
operator can grasp the tissue characteristic of the area of
interest on the basis of the color distribution of the image. In
addition, the color space may be formed of, in place of the
RGB color system, variables which are complementary col-
ors such as cyan, magenta, and yellow, and feature data may
be assigned to the respective variables. In addition, the
B-mode image data and the color image data may be mixed at
a predetermined ratio to generate the feature data image data.
In addition, only the area of interest may be substituted with
color image data to generate the feature data image data.

According to the above-described the first embodiment of
the invention, B-mode image data is generated on the basis of
a signal which is subjected to STC correction for amplifica-
tion with an amplification factor according to the receiving
depth. In addition, pre-correction feature data is extracted by
performing amplification correction for offsetting the influ-
ence of the STC correction and for thereby making the ampli-
fication factor spectrum-constant, and by then calculating the
frequency spectrum, feature data of a sample is extracted by
subjecting the extracted pre-correction feature data to attenu-
ation correction, and feature data image data is generated to
display visual information corresponding to the extracted
feature data. Accordingly, the influence of the attenuation
accompanying the transmission of an ultrasonic wave is
eliminated in the feature data image data, and it is not neces-
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sary to separately send a signal for a B-mode image and a
signal for a feature data image. Accordingly, it is possible to
properly eliminate the influence of the attenuation accompa-
nying the transmission of an ultrasonic wave, and also pos-
sible to prevent a reduction in the frame rate of image data
generated on the basis of the received ultrasonic wave.

In addition, according to the first embodiment, since the
tissue characteristic of a predetermined area of a sample is
determined by using the feature data of the frequency spec-
trum properly subjected to attenuation correction, the differ-
ence between tissues can be sharply distinguished without
using the distortion amount or elastic modulus of a living
tissue. Accordingly, the tissue characteristic can be accurately
distinguished and the reliability of the observation result can
be improved.

As a modified example of the first embodiment, the con-
troller 9 may allow the amplification correction process using
the amplification cotrector 41 and the attenuation correction
process using the attenuation corrector 432 to be collectively
performed. For this process, the amplification process in Step
S6 of F1G. 4 is deleted and the definition of the attenuation
amount of the attenuation correction process in Step S10 of
FIG. 4 is changed as in the following Expression (6):

A=2azfvy(z) (6)

Here, y (z) on the right side is a difference between the
amplification factors [} and f3, at the receiving depth z, and is
represented as follows:

Y=~ {(Bn—Bo)za 2+ BaPBolzsz,) M

®

12=0(E>z)

Second Embodiment

A second embodiment of the invention is different from the
first embodiment in terms of the feature data extraction which
is performed by the feature data extractor. The configuration
of an ultrasonic observation apparatus according to the sec-
ond embodiment is the same as that of the ultrasonic obser-
vation apparatus 1 described in the first embodiment. Accord-
ingly, in the following description, constituent elements
corresponding to the constituent elements of the ultrasonic
observation apparatus 1 will be denoted by the same signs.

Inthe feature data extraction process in the second embodi-
ment, first, an attenuation corrector 432 subjects a frequency
spectrum calculated by a frequency analyzer 42 to an attenu-
ation correction process. Then, an approximation unit 431
subjects the frequency spectrum subjected to the attenuation
correction using the attenuation corrector 432 to an approxi-
mation process to extract feature data of the frequency spec-
trum.

FIG. 15 is a flowchart illustrating the outline of a process of
the ultrasonic observation apparatus according to the second
embodiment. In FIG. 15, processes in Steps S51 to S58
sequentially correspond to the processes in Steps S1 to S8 of
FIG. 4.

In Step S59, the attenuation corrector 432 subjects the
frequency spectrum calculated by the frequency analyzer 42
through FFT computing to attenuation correction (Step S59).
FIG. 16 is a diagram schematically illustrating the outline of
the attenuation correction process in Step S59. As shown in
FIG. 16, the attenuation corrector 432 corrects a frequency
spectrum curve C, at all of frequencies f so that the attenua-
tion amount A of the above-described Expression (1)1is added
to a strength I, thereby obtaining a new frequency spectrum
curve C5'. Accordingly, a frequency spectrum can be obtained
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in which the contribution of attenuation accompanying the
transmission of an ultrasonic wave is reduced.

Then, the approximation unit 431 subjects all of the fre-
quency spectrums subjected to the attenuation correction
using the attenuation corrector 432 to regression analysis to
extract feature data of the frequency spectrum (Step S60).
Specifically, the approximation unit 431 performs regression
analysis, thereby calculating a gradient a and an intercept b of
alinear expression and a strength ¢ at a center frequency f, ;..
A straight line L, shown in FIG. 16 is a regression line (inter-
cept b;) which is obtained by subjecting the frequency spec-
trum curve C, to a feature data extraction process in Step S60.

Processes in Steps S61 to S64 sequentially correspond to
the processes in Steps S11 to S14 of FIG. 4.

According to the above-described the second embodiment
of the invention, B-mode image data is generated on the basis
of a signal which is subjected to STC correction for amplifi-
cation with an amplification factor according to the receiving
depth. In addition, amplification correction for offsetting the
influence of the STC correction and for thereby making the
amplification factor spectrum-constant is performed, a fre-
quency spectrum is calculated and subjected to attenuation
correction, and then feature data is extracted and feature data
image data is generated to display visual information corre-
sponding to the extracted feature data. Accordingly, the influ-
ence of the attenuation accompanying the transmission of an
ultrasonic wave is eliminated in the feature data image data,
and it is not necessary to separately send a signal for a B-mode
image and a signal for a feature data image. Accordingly, as in
the above-described the first embodiment, it is possible to
properly eliminate the influence of the attenuation accompa-
nying the transmission of an ultrasonic wave, and also pos-
sible to prevent a reduction in the frame rate of image data
generated on the basis of the received ultrasonic waves.

In addition, according to the second embodiment, since the
tissue characteristic of a predetermined area of a sample is
determined by using the feature data of the frequency spec-
trum properly subjected to attenuation correction, the differ-
ence between tissues can be sharply distinguished without
using the distortion amount or elastic modulus of a living
tissue. Accordingly, the tissue characteristic can be accurately
distinguished and the reliability of the observation result can
be improved.

Also, in the second embodiment, the amplification correc-
tion process in Step S56 of FIG. 15 can be deleted and the
attenuation amount in performing the attenuation correction
of the frequency spectrum in Step S59 of FIG. 15 can be
processed as A' of Expression (6).

Third Embodiment

A third embodiment of the invention is different from the
first embodiment in terms of the tissue characteristic deter-
mination process in the tissue characteristic determination
unit. The configuration of an ultrasonic observation apparatus
according to the third embodiment is the same as that of the
ultrasonic observation apparatus 1 described in the first
embodiment. Accordingly, in the following description, con-
stituent elements corresponding to the constituent elements
of the ultrasonic observation apparatus 1 will be denoted by
the same signs.

A tissue characteristic determination unit 44 adds feature
data (a, b, c) to groups G,,, G,, and G, (see F1G. 12) which
constitute tissue characteristics p, v, and p, respectively, to
constitute a new population, and then obtains a standard
deviation for each feature data of data constituting each tissue
characteristic.
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Then, the tissue characteristic determination unit 44 calcu-
lates a difference (hereinafter, simply referred to as “standard
deviation difference”) between the standard deviation of each
feature data of the groups G, G,, and G, in the original
population formed of known samples and the standard devia-
tion of each feature data of the groups G, G,, and G, in the
new population having new samples added thereto, and deter-
mines the tissue characteristic corresponding to the group
including the feature data which is minimum in the standard
deviation difference as a tissue characteristic of the sample.

Here, the tissue characteristic determination unit 44 may
calculate the standard deviation difference only with respect
to the standard deviation of feature data selected in advance
from a plurality of pieces of feature data. In this case, the
feature data may be arbitrarily selected by an operator, or may
be automatically selected by the ultrasonic observation appa-
ratus 1.

In addition, the tissue characteristic determination unit 44
may calculate a value for each group, by performing appro-
priate weighting to the standard deviation differences of all
pieces of feature data and adding the weighted values, and
may determine the tissue characteristic corresponding to the
group which is minimum in terms of the value as a tissue
characteristic of the sample. In this case, for example, when
the feature data includes a gradient a, an intercept b, and a
strength ¢, the tissue characteristic determination unit 44 cal-
culates w (standard deviation difference of a)+w,-(standard
deviation difference of b)+w_-(standard deviation difference
of ¢) (where w_, w,, and w_ are weights corresponding to the
gradient a, the intercept b, and the strength c, respectively),
and determines the tissue characteristic of the sample on the
basis of the calculated value. The values of the weights w_,
w,, and w_ may be arbitrarily set by an operator, or may be
automatically set by the ultrasonic observation apparatus 1.

In addition, the tissue characteristic determination unit 44
may calculate a square root of a value which is calculated for
each group by performing appropriate weighting to the
squares of the standard deviation differences of all pieces of
feature data and adding the weighted values, and may deter-
mine the tissue characteristic corresponding to the group
which is minimum in terms of the square root as a tissue
characteristic of the sample. In this case, for example, when
the feature data includes a gradient a, an intercept b, and a
strength ¢, the tissue characteristic determination unit 44 cal-
culates (w'(standard deviation difference of a)*+w', (stan-
dard deviation difference of b)*+w'_-(standard deviation dif-
ference of ¢)?)"* (where w',, w',, and W', are weights
corresponding to the gradient a, the intercept b, and the
strength c, respectively), and determines the tissue character-
istic on the basis of the calculated value. Also, in this case, the
values of the weights W', w',, and w'_ may be arbitrarily set
by an operator, or may be automatically set by the ultrasonic
observation apparatus 1.

According to the above-described the third embodiment of
the invention, as in the above-described the first embodiment,
it is possible to properly eliminate the influence of the attenu-
ation accompanying the transmission of an ultrasonic wave,
and also possible to prevent a reduction in the frame rate of
image data generated on the basis of the received ultrasonic
wave.

In addition, according to the third embodiment, the tissue
characteristic can be accurately distinguished, and the reli-
ability of the observation result can be improved. In addition,
the influence of the attenuation accompanying the transmis-
sion of an ultrasonic wave is eliminated and thus the tissue
characteristic can be determined with higher accuracy.
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In the third embodiment, although the tissue characteristic
determination unit 44 determines the tissue characteristic on
the basis of a change in the standard deviations of the respec-
tive pieces of feature data between the original population and
the population having new samples added thereto, this is just
an example. For example, the tissue characteristic determi-
nation unit 44 may determine the tissue characteristic on the
basis of a change in the averages of the respective pieces of
feature data between the original population and the popula-
tion having new samples added thereto.

Although the embodiments of the invention have been
described as above, the invention is not limited only to the
above-described first to third embodiments. That is, the
invention can be implemented in various forms without
departing from the technical idea described in the claims.

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 rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasonic observation apparatus comprising:

an ultrasonic probe configured to output an ultrasonic wave

to a sample and to receive the ultrasonic wave reflected

from the sample; and

at least one processor comprising hardware, the at least one

processor being configured to execute:
a signal amplification operation for amplifying a signal
of the ultrasonic wave reflected from the sample with
an amplification factor according to a receiving depth
and to perform sensitivity time control (STC) correc-
tion;
a B-mode image data generation operation for generat-
ing B-mode image data from the signal of the ultra-
sonic wave, the B-mode image data having an ampli-
tude amplified by the signal amplification operation
being converted into brightness for display;
an amplification correction operation for performing
amplification correction to offset an influence of the
STC correction according to the receiving depth by
the signal amplification operation in order to make the
amplification factor constant with respect to the signal
of the ultrasonic wave amplified by the signal ampli-
fication operation regardless of the receiving depth;
a frequency analyzing operation for calculating a fre-
quency spectrum by analyzing the frequency of the
signal of the ultrasonic wave corrected by the ampli-
fication correction operation; and
a feature data extraction operation for extracting feature
data of the sample by performing an approximation
process and an attenuation correction process for
reducing the contribution of the attenuation occurring
in accordance with the receiving depth of the ultra-
sonic wave and the frequency in transmitting the
ultrasonic wave,
wherein the feature data extraction operation comprises:
an approximation operation for approximating the
frequency spectrum calculated by the frequency
analyzing operation with a linear expression
through regression analysis and to calculate pre-
correction feature data including a gradient a, and
an intercept by, of the linear expression; and

an attenuation correction operation for performing an
attenuation correction with respect to the pre-cor-
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rection feature data calculated by the approxima-
tion operation in accordance with a gradient a and
an intercept b of the approximated linear expres-
sion expressed by:

a=ag+2az, and

b=by,

where o. represents an attenuation rate, and z rep-
resents a reception depth of ultrasonic waves.
2. The ultrasonic observation apparatus according to claim
1, wherein the amplification factor in performing the ampli-
fication using the signal amplification operation monotoni-
cally increases at a receiving depth of up to a predetermined
receiving depth.
3. The ultrasonic observation apparatus according to claim
1,
wherein the feature data extraction operation comprises:
an approximation operation for extracting pre-correc-
tion feature data before performing the attenuation
correction operation by subjecting the frequency
spectrtum calculated by the frequency analyzing
operation to the approximation operation; and
an attenuation correction operation for extracting fea-
ture data of the frequency spectrum by subjecting the
pre-correction feature data extracted by the approxi-
mation operation to the attenuation correction opera-
tion, and
wherein the greater the receiving depth of the ultrasonic
wave, the greater the correction amount the attenuation
correction operation performs correction with.
4. The ultrasonic observation apparatus according to claim
1,
wherein the feature data extraction operation comprises:
an approximation operation for extracting pre-correc-
tion feature data before performing the attenuation
correction operation by subjecting the frequency
spectrum calculated by the frequency analyzing
operation to the approximation operation; and
an attenuation operation for extracting feature data of
the frequency spectrum by subjecting the pre-correc-
tion feature data extracted by the approximation
operation to the attenuation correction operation, and
wherein the ultrasonic observation apparatus further com-
prises a controller configured to allow the correction of
theamplification correction operation and the correction
of the attenuation correction operation to be collectively
performed.
5. The ultrasonic observation apparatus according to claim
1, further comprising a memory configured to store the fea-
ture data of the frequency spectrum extracted on the basis of
ultrasonic waves reflected by a plurality of known samples in
association with tissue characteristics of the plurality of
known samples, and
wherein the at least one processor further implements a
tissue characteristic determination operation for deter-
mining a tissue characteristic of a predetermined area of
the sample by using the feature data stored in association
with the plurality of known samples in the memory and
the feature data extracted by the feature data extraction
operation.
6. The ultrasonic observation apparatus according to claim
1, wherein the at least one processor further implements a
feature data image data generation operation for generating
feature data image data to display visual information corre-
sponding to the feature data extracted by the feature data
extraction operation.
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7. The ultrasonic observation apparatus according to claim
6, wherein the visual information is a variable constituting a
color space.

8. The ultrasonic observation apparatus according to claim
1,

wherein the feature data extraction operation comprises:

an approximation operation for extracting pre-correc-
tion feature data before performing the attenuation
correction operation by subjecting the frequency
spectrum calculated by the frequency analyzing
operation to the approximation operation; and

an attenuation correction operation for extracting fea-
ture data of the frequency spectrum by subjecting the
pre-correction feature data extracted by the approxi-
mation operation to the attenuation correction pro-
cess, and

wherein the attenuation correction process is performed

using a predetermined attenuation rate which is deter-
mined in accordance with the sample.
9. The ultrasonic observation apparatus according to claim
8, further comprising an input device configured to receive an
input of information that changes the attenuation rate.
10. A method of operating an ultrasonic observation appa-
ratus for sending an ultrasonic wave to a sample and receiving
the ultrasonic wave reflected by the sample, the method com-
prising:
amplifying a signal of the ultrasonic wave reflected from
the sample with an amplification factor according to a
receiving depth and performing sensitivity time control
(STC) correction;

generating B-mode image data from the signal of the ultra-
sonic wave, and converting the B-mode image data hav-
ing an amplitude amplified by the amplifying into
brightness for display using a B-mode image data gen-
erator,
performing amplification correction to offset an influence
of the STC correction according to the receiving depth
by the amplifying in order to make the amplification
factor constant with respect to the amplified signal of the
ultrasonic wave regardless of the receiving depth;

calculating a frequency spectrum using a frequency ana-
lyzing operation by analyzing the frequency of the cor-
rected signal of the ultrasonic wave; and

extracting feature data of the sample using a feature data

extractor by performing an approximation process and

an attenuation correction process for reducing the con-

tribution of the attenuation occurring in accordance with

the receiving depth of the ultrasonic wave and the fre-

quency in transmitting the ultrasonic wave,

wherein the step of extracting feature data comprises:

approximating the frequency spectrum calculated by

the frequency analyzing operation with a linear
expression through regression analysis and to cal-
culate pre-correction feature data including a gra-
dient a, and an intercept b, of the linear expression;
and
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performing an attenuation correction with respect to
the pre-correction feature data calculated by the
step of approximating the frequency spectrum in
accordance with a gradient a and an intercept b of
the approximated linear expression expressed by:

a=ag+20z, and

b=b,

where o represents an attenuation rate, and z rep-
resents a reception depth of ultrasonic waves.
11. A non-transitory computer readable recording medium
on which an executable program is recorded, the program
instructing a processor to execute:
amplifying a signal of the ultrasonic wave reflected from
the sample with an amplification factor according to a
receiving depth and performing sensitivity time control
(STC) correction;
generating B-mode image data from the signal of the ultra-
sonic wave, and converting the B-mode image data hav-
ing an amplitude by the amplifying into brightness for
display using a B-mode image data generator;
performing amplification correction to offset an influence
of the STC correction according to the receiving depth in
order to make the amplification factor constant with
respect to the amplified signal of the ultrasonic wave
regardless of the receiving depth; and
calculating a frequency spectrum using a frequency ana-
lyzing operation by analyzing the frequency of the cor-
rected signal of the ultrasonic wave, and extracting fea-
ture data of the sample using a feature data extractor by
performing an approximation process and an attenua-
tion correction process for reducing the contribution of
the attenuation occurring in accordance with the receiv-
ing depth of the ultrasonic wave and the frequency in
transmitting the ultrasonic wave,
wherein the step of extracting feature data comprises:
approximating the frequency spectrum calculated by
the frequency analyzing operation with a linear
expression through regression analysis and to cal-
culate pre-correction feature data including a gra-
dient a, and an intercept b, of the linear expression;
and
performing an attenuation correction with respect to
the pre-correction feature data calculated by the
step of approximating the frequency spectrum in
accordance with a gradient a and an intercept b of
the approximated linear expression expressed by:

a=ag+20z, and

b=bg,

where o represents an attenuation rate, and z rep-
resents a reception depth of ultrasonic waves.
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