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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic observation apparatus which observes the tissue of a sample
using ultrasonic waves, an operation method of the ultrasonic observation apparatus, and an operation program of the
ultrasonic observation apparatus.

BACKGROUND ART

[0002] Hitherto, an ultrasonic elastography technique has been known as a technique for examining breast cancer or
the like using ultrasonic waves (for example, see Patent Literature 1). 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.

[0003] 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
performed 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 Patent Literature 2).

[0004] US 2004/243001 A concerns parametric ultrasonic measurements which characterize the structure of tissue,
using information from an ultrasonic signal beyond amplitude information. A parametric ultrasonic system comprises an
ultrasonic transducer assembly adaptable to provide ultrasonic signals at different angles from a plurality of voxels in a
region of interest and a processor receiving the echo signals and extracting a parametric measurement for each of the
voxels based on multiple frequency spectra from ultrasonic signals at different angles.

[0005] A.KATOUZIAN ET AL., "Challenges in atherosclerotic plaque characterization with intravascular ultrasound
(IVUS): from data collection to classification.", IEEE TRANS. INF.TECHNOL.BIOMED., (200805), vol. 12, no. 3, pages
315 - 327, concerns a technique for atherosclerotic plaque characterization with intravascular ultrasound.

Citation List
Patent Literature
[0006]

Patent Literature 1: WO 2005/122906
Patent Literature 2: Japanese Laid-open Patent Publication No. 10-216143

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0007] In the above-mentioned STC correction, the amplitude of an analog signal waveform is amplified evenly over
the entire frequency band only and an effect of correcting the attenuation dependent on the frequency is not achieved.
Therefore, when the B-mode image using the amplitude of the ultrasonic wave is generated, a sufficient effect is obtainable
by performing the STC correction, but, there is problem that when tissue characteristics of a sample are identified based
on a frequency spectrum, influence of the attenuation accompanying the transmission of the ultrasonic wave is not able
to be correctly eliminated and accuracy of the identification is reduced.

[0008] To solve this problem, when the B-mode image is generated, a received signal subjected to the STC correction
may be output, while when generating an image based on the frequency spectrum, a new transmission different from
a transmission for generating the B-mode image may be performed and a received signal not subjected to the STC
correction may be output. However, in this case, there is a problem that a frame rate of image data generated based
on the received signal is reduced.

[0009] The presentinvention has been made in view of the above and it is an object of the present invention to provide
an ultrasonic observation apparatus, a method of operating the ultrasonic observation apparatus, and an operation
program of the ultrasonic observation apparatus that are able to correctly eliminate influence of attenuation accompanying
transmission of an ultrasonic wave and prevent a reduction in a frame rate of image data generated based on a received
ultrasonic wave.
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MEANS FOR SOLVING PROBLEM

[0010] To solve the above problem and achieve the above object, an ultrasonic observation apparatus according to
the present invention comprises the features of claim 1.

[0011] Moreover, in the above invention, the ultrasonic observation apparatus is characterized in that the amplification
factor in performing the amplification using the signal amplifier monotonically increases at a receiving depth of up to a
predetermined receiving depth.

[0012] Moreover, in the above invention, the ultrasonic observation apparatus is characterized in that the feature data
extractor has: an approximation unit which extracts pre-correction feature data before performing the attenuation cor-
rection process by subjecting the frequency spectrum calculated by the frequency analyzer to the approximation process;
and an attenuation corrector which extracts feature data of the frequency spectrum by subjecting the pre-correction
feature data extracted by the approximation unit to the attenuation correction process.

[0013] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the feature data extractor has: an attenuation corrector which subjects the frequency spectrum to
the attenuation correction process; and an approximation unit which extracts feature data of the frequency spectrum by
subjecting the frequency spectrum corrected by the attenuation corrector to the approximation process.

[0014] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the greater the receiving depth of the ultrasonic wave, the greater the correction amount the
attenuation corrector performs correction with.

[0015] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention
further includes a controller which allows the correction

of the amplification corrector and the correction of the attenuation corrector to be collectively performed.

[0016] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the approximation unit approximates the frequency spectrum with a polynomial through regression
analysis.

[0017] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the approximation unit approximates the frequency spectrum with a linear expression, and extracts
a plurality of pieces of feature data including at least two of a gradient of the linear expression, an intercept of the linear
expression, and a strength which is determined using the gradient, the intercept, and a specific frequency included in
the frequency band of the frequency spectrum.

[0018] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention
further includes: a storage unit which stores the feature 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 a tissue characteristic determination unit which determines 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 storage unit and the
feature data extracted by the feature data extractor.

[0019] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the feature data extractor extracts a plurality of pieces of feature data, the storage unit stores
averages of the respective pieces of feature data in groups classified in accordance with the tissue characteristics with
respect to the plurality of known samples, and the tissue characteristic determination unit sets a feature data space
having at least one of the plurality of pieces of feature data as a component, and determines a tissue characteristic of
the sample on the basis of a distance on the feature data space between a sample point which has, as a coordinate of
the feature data space, feature data which is a component of the feature data space from among the pieces of feature
data of the frequency spectrum of the sample and a known sample average point which has, as a coordinate of the
feature data space, an average of feature data which is a component of the feature data space from among the respective
pieces of feature data in the groups of the plurality of known samples.

[0020] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the tissue characteristic determination unit calculates a standard deviation of the feature data in a
population in which the feature data of the sample is added to the groups classified in accordance with the tissue
characteristics of the plurality of known samples, and determines, as a tissue characteristic of the sample, a tissue
characteristic corresponding to a group having feature data which is minimum in terms of a difference between the
standard deviation and a standard deviation of feature data in the groups.

[0021] Moreover, in the above invention, the ultrasonic observation apparatus according to the present invention is
characterized in that the visual information is a variable constituting a color space.

[0022] Moreover, a method of operating an ultrasonic observation apparatus according to the present invention com-
prises the features of claim 11.

[0023] Moreover, an operation program of an ultrasonic observation apparatus according to the present invention
comprises the features of claim 12.
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EFFECT OF THE INVENTION

[0024] Accordingto the presentinvention, by generating B-mode image data on the basis of a signal which is subjected
to STC correction for amplification with an amplification factor according to a receiving depth, and after performing
amplification correction for offsetting the influence of the STC correction and making the amplification factor spectrum-
constant, performing an approximation process and an attenuation correction process with respect to the frequency
spectrum to reduce the contribution of the attenuation occurring in accordance with the receiving depth of the ultrasonic
wave and the frequency in transmitting the ultrasonic wave, feature data of a sample is extracted and feature data image
data is generated to display visual information corresponding to the extracted feature data, and therefore, not only the
influence of the attenuation accompanying the transmission of the ultrasonic wave is properly eliminated in the feature
data image data but also it is unnecessary to distinguish between the signal for the B-mode image and the signal for
the feature data image in sending them. Therefore, it is possible to properly eliminate the influence of the attenuation
accompanying the transmission of the ultrasonic wave, and also prevent reduction in the frame rate of image data
generated on the basis of the received ultrasonic wave.

BRIEF DESCRIPTION OF DRAWINGS
[0025]

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

FIG. 2is adiagramillustrating the relationship between areceiving depth and an amplification factor in an amplification
process which is performed by a signal amplifier of the ultrasonic observation apparatus according to the first
embodiment of the invention.

FIG. 3isadiagramillustrating the relationship between areceiving depth and an amplification factor in an amplification
process which is performed by an amplification corrector of the ultrasonic observation apparatus according to the
first embodiment of the invention.

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 arrangement 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 deter-
mination 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.

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.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0026] Hereinafter, modes (hereinafter, referred to as "embodiments") for carrying out the invention will be described
with reference to the accompanying drawings.
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(First Embodiment)

[0027] 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.

[0028] 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 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.

[0029] 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 signal) 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 electronically scan a plurality of ultrasonic transducers.

[0030] 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 setin advance,
and sends the generated pulse signal to the ultrasonic probe 2.

[0031] The sending/receiving unit 3 has a signal amplifier 31 which amplifies an echo signal. Specifically, the signal
amplifier 31 performs STC correction so that the higher the receiving 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 B linearly increases from B to By, (> Bg) with an increase of the receiving depth z when the receiving depth z is
less than a threshold z,,. In addition, the amplification factor B takes a certain value B, when the receiving depth z is
equal to or greater than the threshold z,. The value of the threshold zy, is a value at which the ultrasonic signal received
from a sample is almost attenuated and noise is thus dominant. More generally, the amplification factor § may monot-
onically increase with an increase of the receiving depth z when the receiving depth z is less than the threshold zy,.
[0032] 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 generate and output a digital RF signal. In the case where the
ultrasonic probe 2 electronically scans a plurality of ultrasonic transducers, the sending/receiving unit 3 has a multichannel
circuit for beam synthesis corresponding to the plurality of ultrasonic transducers.

[0033] The computing unit 4 has an amplification corrector 41 which performs amplification correction to make the
amplification 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 feature 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 reducing the contribution of the attenuation of the ultrasonic wave 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.

[0034] FIG. 3 is a diagram illustrating the relationship between a receiving depth and an amplification factor in the
amplification process which is performed by the amplification corrector 41. As shown in FIG. 3, the amplification factor
of the amplification process which is performed by the ampilification corrector 41 is a maximum value By,-B, at a receiving
depth of zero, is linearly reduced at a receiving depth of up to a receiving 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 By, can be output. Of course, the
relationship 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.
[0035] Foreach acoustic ray (line data), the frequency analyzer 42 subjects an FFT data group formed of a predeter-
mined 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, density, acoustic impedance, and the like of a sample as a scatterer which scatters an ultrasonic wave.
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[0036] 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 feature data before performing an attenuation cor-
rection process, and an attenuation corrector 432 which subjects the pre-correction feature data approximated by the
approximation unit 431 to an attenuation correction process to extract the feature data.

[0037] 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 calculates a gradient ay 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 frequency band in the frequency spectrum. In
the first embodiment, although the approximation unit 431 calculates a strength (Mid-band fit) ¢ = agfyp + bg at a center
frequency fyp = (fLow + fhign)/2, this is just an example. Here, the "strength" is any of parameters such as voltage,
electric power, sound pressure, acoustic energy, and the like.

[0038] Itisthoughtthatamong the three pieces of feature data, the gradient a is correlated with the size of an ultrasonic
scatterer, 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 by, the greater the size of the acoustic impedance, the greater the value of the intercept b, and the greater
the density (concentration) of the scatterer, the greater the value of the intercept b,. The strength c, at the center
frequency fy,p (hereinafter, simply referred to as "strength") is an indirect parameter derived from the gradient a, and
the intercept b, and gives a spectrum strength at the center in an effective frequency band. Therefore, it is thought that
the strength ¢, is correlated to some degree with the brightness of a B-mode image in addition 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.

[0039] The correction which is performed by the attenuation corrector 432 will be described. An ultrasonic attenuation
amount A can be represented as follows:

A = 20zf (1)

Here, o 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/cm/MHz), and preferably 0.3 to 0.7 (dB/cm/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, o = 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 o. can be changed by an input from the input unit 6.

[0040] 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=ap+ 20z (2)
b = by (3)
C = Cp + 2azfuip (= afwip + b) (4)

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

[0041] 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 pre-
determined area of a sample by using the calculated average and standard deviation 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 operator of the ultrasonic observation
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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 addition, 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 pancreatitis, autoimmune pancreatitis,
and the like are also included as tissue characteristics.

[0042] The average and the standard deviation of the feature data which are calculated by the tissue characteristic
determination unit 44 reflect a 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 parenchymal 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 be accurately determined by using the average and the standard deviation of the feature data.

[0043] 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 feature data image data to display visual information
corresponding to the feature data of a sample, and a determination result display image data generator 53 which
generates determination 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.

[0044] 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.

[0045] 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.

[0046] 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 determination result obtained by determination of the tissue characteristic determination unit 44.

[0047] The storage unit 8 is provided with a known sample information 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 corrector 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.

[0048] The known sample information storage unit 81 stores feature 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 information 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 embodiment. However, there is no
need that the ultrasonic observation 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 Expressions (2) to (4).

[0049] 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 processes, or the like.

[0050] 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.

[0051] The operating program of the ultrasonic observation apparatus 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.

[0052] FIG. 4 is a flowchart illustrating the outline of a process of the ultrasonic observation apparatus 1 having the
above-described configurations. In FIG. 4, first, the ultrasonic observation apparatus 1 measures a new sample using
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the ultrasonic probe 2 (Step S1).

[0053] 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.

[0054] 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).

[0055] 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. 5 is a diagram 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.
[0056] 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 amplification corrector 41 performs an amplification process
on the basis of the relationship between the amplification factor and the receiving depth shown in FIG. 3.

[0057] 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 observation apparatus 1 returns to Step S5
when an instruction for terminating the process is not input by the input unit 6 (Step S7: No).

[0058] After Step S6, the frequency analyzer 42 calculates a frequency 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.

[0059] Here, the process which is performed by the frequency analyzer 42 (Step S8) will be described in detail with
reference to the flowchart shown in FIG. 6. First, the frequency analyzer 42 sets an acoustic ray number L of an acoustic
ray 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/receiving unit 3, or an acoustic ray corresponding to a boundary
position on one of the right and left sides of the area of interest set by the input unit 6.

[0060] Next, the frequency analyzer 42 calculates frequency spectrums 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) representing a series of data groups (FFT data groups) acquired for FFT computing (Step S22). FIG. 7 is a
diagram schematically 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 Z.

[0061] 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 on the acquired FFT data group (Step S24). When
the window function acts on the FFT data group in this manner, discontinuity of the FFT data groups at the boundary
can be avoided, and an artifact can be prevented from occurring.

[0062] 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, it is 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 2n-1-th position from the front in the FFT data group. In other words, the normal FFT data
group means that there are 21 - 1 (= N) pieces of data before the data position Z, and there are 2"! (= M) pieces of
data after the data position Z. In FIG. 7, the FFT data groups F,, F5, and Fx_4 are normal, and the FFT data groups F4
and Fy are abnormal. In FIG. 7,n=4isset(N=7, M = 8).

[0063] As a result 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.

[0064] 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.

[0065] 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 frequency analyzer 42. In FIGS. 8 and 9, a horizontal axis f represents a frequency, and a vertical axis | represents
a strength. In frequency spectrum curves C4 and C, shown in FIGS. 8 and 9, respectively, a minimum frequency f| oy
and a maximum frequency fy,gn of the frequency spectrum are parameters which are determined on the basis of the
frequency band of the ultrasonic probe 2, the frequency band of the pulse signal sent from the sending/receiving unit 3,
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and the like. For example, f| oy = 3 MHz, and ;g4 = 10 MHz. A straight line L, shown in FIG. 8 and a straight line L,
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.
[0066] Next, the frequency analyzer 42 adds a predetermined data step width D to the data position Z to calculate a
data position Z 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.

[0067] Then, the frequency analyzer 42 determines whether or not the data position Z is greater than a final data
position Z.... (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 a lower end of the area of interest. As a result of the determination, when the data position
Z is greater than the final data position Z,,, (Step S29: Yes), the frequency analyzer 42 increases an acoustic ray
number L by 1 (Step S30). On the other hand, when the data position Z is equal to or less than the final data position
Z,ax (Step S29: No), the frequency analyzer 42 returns to Step S23. In this manner, regarding one acoustic ray LD, the
frequency analyzer 42 subjects [{(Z,ax - Z0)/D} + 1] (= K) FFT data groups to FFT computing. Here, [X] represents a
maximum integer not exceeding X.

[0068] 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 FIG. 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.

[0069] In this manner, the frequency analyzer 42 performs FFT computing K times for each of (L5« - 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 (L5 - Lo + 1) X K of FFT computing operations performed for all of the
acoustic rays by the frequency analyzer 42 is represented by P.

[0070] 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 regression analysis as an approximation process to
extract pre-correction feature data (Step S9). Specifically, the approximation unit 431 calculates a linear expression for
approximating the frequency spectrum of the frequency band f o\ < f < fy g through regression analysis, and thus
extracts a gradient aj, an intercept by, and a strength ¢, characterizing the linear expression as pre-correction feature
data. The straight line L4 shown in FIG. 8 and the straight line L, shown in FIG. 9 are regression lines which are obtained
by subjecting the frequency spectrum curves C4 and C, to a feature data extraction process in Step S9.

[0071] Then, the attenuation corrector 432 subjects the pre-correction feature data extracted by the approximation
unit 431 to an attenuation correction process (Step S10). For example, 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) X 20 (nsec)/2 = 0.0153 (mm). When the number 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
0.0153k (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 Ly’ shown in FIG. 10 is as follows:

I =af + b = (ag+ 202) £ + bg (5)

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 L.

[0072] Then, the tissue characteristic determination unit 44 determines 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).
[0073] 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 characteristic (Step S41). In the first embodiment, two of
the three pieces of feature data, that is, a gradient a, an intercept b, and a strength c, are independent parameters.
Accordingly, a two-dimensional space with optional two of the three pieces of feature data as components can be set
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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.

[0074] FIG. 12is a diagram illustrating an example of the feature data space set by the tissue characteristic determi-
nation 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 c. 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 Gw G,, and Gp shown in FIG. 12
represent groups in which the tissue characteristics of known samples stored in the known sample information storage
unit 81 are ., v, and p, respectively. In the case shown in FIG. 12, each of the three groups Gw G,, and Gp is present
in an area which does not intersect with other groups on the feature data space.

[0075] In the first embodiment, even when obtaining the feature data of known samples, tissue characteristics are
classified and determined using the feature data as an index, obtained by subjecting the pre-correction feature data of
the frequency spectrum obtained by frequency analysis to attenuation correction. 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 characteristics in the feature data space can be
separated more clearly than in the case in which feature data extracted without performing attenuation correction is used.
[0076] After Step S41, the tissue characteristic determination unit 44 calculates distances dw d,, and dp on the feature
data space between the sample point Sp and points g, vg, and pg (hereinafter, 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 ¢ 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 component 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.

[0077] Next, the tissue characteristic determination unit 44 determines 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 dFL is the minimum, and thus the tissue characteristic determination unit 44 determines
that the tissue characteristic of the sample is . When the sample point Sp is extremely distant from the known sample
average points g, v, and p, the result of the tissue characteristic determination has low reliability even when minimum
values of the distances dp, d,, and dp are obtained. Therefore, when dw d,, and dp are greater than a predetermined
threshold, the tissue characteristic determination unit 44 may output an error signal. In addition, when values of two or
more of dw d,, and dp are minimum, the tissue characteristic determination unit 44 may select all of the tissue charac-
teristics 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 dw d,, and dp are minimum,
the tissue characteristic determination unit 44 may output an error signal.

[0078] Then, the tissue characteristic determination unit 44 outputs the distance calculation result in Step S42 and
the determination result in Step S43 (Step S44). Accordingly, the tissue characteristic determination process in Step
S11 is terminated.

[0079] 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).
[0080] 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).

[0081] 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
characteristic 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.

[0082] 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, infor-
mation related to the feature data in determining the tissue characteristic, and ultrasonic image quality information such
as gain and contrast. Here, as the information related to the feature data, itis possible to perform a display using averages
and standard deviations of the feature data of the frequency spectrums 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),
intercept = -60+2 (dB), and strength = - 50+1.5 (dB).
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[0083] 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 uniformly assigned to R (red), G (green), and B (blue).
[0084] When the display unit 7 displays the determination result display image 200 having the above-described con-
figuration, the operator can more accurately grasp the tissue characteristic 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.

[0085] 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 performed. 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, it is found that in the feature data image 300 subjected to the attenuation correction, an image having uniform
brightness is obtained over the entire screen.

[0086] 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 colors 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.

[0087] 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 amplification with an amplification factor according to the
receiving depth. In addition, pre-correction feature data is extracted by performing amplification correction for offsetting
the influence of the STC correction and for thereby making the amplification 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 attenuation correction, and feature data image data is generated to display visual information correspond-
ing 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 necessary 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 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.

[0088] 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 spectrum properly subjected to attenuation correction,
the difference 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.

[0089] As a modified example of the first embodiment, the controller 9 may allow the amplification correction process
using the amplification corrector 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 FIG. 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' = 2azf + vy (z) (6)

Here, v (z) on the right side is a difference between the amplification factors § and B at the receiving depth z, and is
represented as follows:

¥y (z) = ~{(Ben — Bo)/zZen}z + PBen — Po (2 £ Zn) (7)

0 (z > zen) (8)

-
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(Second Embodiment)

[0090] 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 second embodiment is the same as that of the ultrasonic observation apparatus 1 described in the first
embodiment. Accordingly, in the following description, constituent elements corresponding to the constituent elements
of the ultrasonic observation apparatus 1 will be denoted by the same signs.

[0091] In the feature data extraction process in the second embodiment, first, an attenuation corrector 432 subjects
afrequency spectrum calculated by afrequency analyzer 42 to an attenuation correction process. Then, an approximation
unit 431 subjects the frequency spectrum subjected to the attenuation correction using the attenuation corrector 432 to
an approximation process to extract feature data of the frequency spectrum.

[0092] 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
S1to S8 of FIG. 4.

[0093] InStep 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 C4 at all of frequencies f so that the attenuation amount A of the above-described Expression (1) is
added to a strength |, thereby obtaining a new frequency spectrum curve C5’. Accordingly, a frequency spectrum can
be obtained in which the contribution of attenuation accompanying the transmission of an ultrasonic wave is reduced.
[0094] Then, the approximation unit431 subjects all of the frequency 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 a linear expression and a strength c at a center frequency fy;p. A straight line Ly shown in FIG. 16 is a regression
line (intercept bs) which is obtained by subjecting the frequency spectrum curve Cj to a feature data extraction process
in Step S60.

[0095] Processes in Steps S61 to S64 sequentially correspond to the processes in Steps S11 to S14 of FIG. 4.
[0096] 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 amplification 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 frequency 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 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 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 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 waves.

[0097] 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 spectrum properly subjected to attenuation correction,
the difference 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.

[0098] Also, in the second embodiment, the amplification correction 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)

[0099] A third embodiment of the invention is different from the first embodiment in terms of the tissue characteristic
determination 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, constituent elements corresponding to the constituent
elements of the ultrasonic observation apparatus 1 will be denoted by the same signs.

[0100] A tissue characteristic determination unit 44 adds feature data (a, b, c) to groups G, G,, and G, (see FIG. 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.

[0101] Then, the tissue characteristic determination unit 44 calculates a difference (hereinafter, simply referred to as
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"standard deviation difference") between the standard deviation of each feature data of the groups Gw G,, and Gp in
the original population formed of known samples and the standard deviation of each feature data of the groups Gw G,,
and Gp in the new population having new samples added thereto, and determines 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.

[0102] 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 apparatus 1.

[0103] In addition, the tissue characteristic determination unit 44 may calculate a value for each group, by performing
appropriate 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 c, the tissue characteristic determination unit 44 calculates w,-(standard deviation difference of a) +
W, (standard deviation difference of b) + w.-(standard deviation difference of c) (where w,, wy,, 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,, wy,, and w, may be arbitrarily set by
an operator, or may be automatically set by the ultrasonic observation apparatus 1.

[0104] 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 determine 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 c, the tissue characteristic deter-
mination unit 44 calculates {w’,(standard deviation difference of a)2 + w’'y:(standard deviation difference of b)2 +
w';-(standard deviation difference of ¢)2}'/2 (where w’,, w'y, and w’,, are weights corresponding to the gradient a, the
intercept b, and the strength c, respectively), and determines the tissue characteristic on the basis of the calculated
value. Also, in this case, the values of the weights w’,, w’y, and w’; may be arbitrarily set by an operator, or may be
automatically set by the ultrasonic observation apparatus 1.

[0105] 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 attenuation 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.

[0106] In addition, according to the third embodiment, the tissue characteristic can be accurately distinguished, and
the reliability of the observation result can be improved. In addition, the influence of the attenuation accompanying the
transmission of an ultrasonic wave is eliminated and thus the tissue characteristic can be determined with higher accuracy.
[0107] In the third embodiment, although the tissue characteristic determination unit 44 determines the tissue char-
acteristic on the basis of a change in the standard deviations of the respective 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 determination 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 population having new samples added
thereto.

[0108] 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.

EXPLANATIONS OF LETTERS OR NUMERALS
[0109]

ultrasonic observation apparatus
ultrasonic probe
sending/receiving unit
computing unit

image processor

input unit

display unit

storage unit

controller
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21 signal converter
31 signal amplifier
41 amplification corrector
42 frequency analyzer
43 feature data extractor
44 tissue characteristic determination unit
51 B-mode image data generator
52 feature data image data generator
81 known sample information storage unit
82 amplification factor information storage unit
83 window function storage unit
84 correction information storage unit
100 B-mode image
200 determination result display image
201 information display unit
202 image display unit
300,400 feature data image
431 approximation unit
432 attenuation corrector
Claims
1. An ultrasonic observation apparatus (1) which sends an ultrasonic wave to a sample and receives the ultrasonic
wave reflected by the sample, the apparatus (1) comprising:
a signal amplifier (31) which amplifies a signal of the ultrasonic wave received from the sample with an ampli-
fication factor according to a receiving depth;
a B-mode image data generator (51) which generates B-mode image data in which the amplitude of the signal
of the ultrasonic wave amplified by the signal amplifier (31) is converted into brightness and displayed;
an amplification corrector (41) which performs amplification correction to make the amplification factor constant
with respect to the signal of the ultrasonic wave amplified by the signal amplifier (31) regardless of the receiving
depth;
a frequency analyzer (42) which calculates a frequency spectrum by analyzing the frequency of the signal of
the ultrasonic wave corrected by the amplification corrector (41); and
a feature data extractor (43) including:
an approximation unit (431) which performs an approximation process on the frequency spectrum calculated
by the frequency analyzer (42), thereby to extract pre-correction feature data therefrom; and
an attenuation corrector (432) which performs an attenuation correction process on the pre-correction
feature data extracted by the approximation unit (431), thereby to extract feature data; or
an attenuation corrector (432) which performs an attenuation correction process on the frequency spectrum
calculated by the frequency analyzer (42); and
an approximation unit (431) which performs an approximation process on the frequency spectrum on which
the attenuation correction process has been performed by the attenuation corrector (432), thereby to extract
feature data;
the ultrasonic observation apparatus further comprising
a feature data image data generator (52) which generates feature data image data to display visual information
corresponding to the feature data extracted by the feature data extractor (43).
2. The ultrasonic observation apparatus (1) according to claim 1,
wherein the amplification factor in performing the amplification using the signal amplifier monotonically increases
at a receiving depth of up to a predetermined receiving depth.
3. The ultrasonic observation apparatus (1) according to claim 1,

wherein the greater the receiving depth of the ultrasonic wave, the greater the correction amount the attenuation
corrector (432) performs correction with.
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The ultrasonic observation apparatus (1) according to claim 1, further comprising:
a controller (9) which allows the amplification correction of the amplification corrector (41) and the attenuation
correction process of the attenuation corrector (432) to be collectively performed.

The ultrasonic observation apparatus (1) according to claim 1,
wherein the approximation unit (431) performs the approximation process with a polynomial through regression
analysis.

The ultrasonic observation apparatus (1) according to claim 5,

wherein the approximation unit (431) performs the approximation process with a linear expression, and extracts a
plurality of pieces of feature data including at least two of a gradient of the linear expression, an intercept of the
linear expression, and a strength which is determined using the gradient, the intercept, and a specific frequency
included in the frequency band of the frequency spectrum.

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

a storage unit (8) which stores the feature 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

a tissue characteristic determination unit (44) which determines 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 storage
unit (8) and the feature data extracted by the feature data extractor (43).

The ultrasonic observation apparatus (1) according to claim 1,
wherein the visual information is a variable constituting a color space.

The ultrasonic observation apparatus (1) according to claim 1,
wherein the attenuation corrector (432) performs the attenuation correction process using a predetermined attenu-
ation rate which is determined in accordance with a type of an observation target organ.

The ultrasonic observation apparatus (1) according to claim 9, further comprising an input unit (6) that is realized
using an interface and receives an input of information, wherein the attenuation rate is changed by an input from
the input unit (6).

A method of operating an ultrasonic observation apparatus (1) which sends an ultrasonic wave to a sample and
receives the ultrasonic wave reflected by the sample, the method comprising:

a signal amplifying step of amplifying, using a signal amplifier (31), a signal of the ultrasonic wave received from
the sample with an amplification factor according to a receiving depth;

a B-mode image data generating step of generating B-mode image data in which the amplitude of the signal of
the ultrasonic wave amplified by the signal amplifier (31) is converted into brightness and displayed;

an amplifying-correction step of performing amplification correction to make the amplification factor constant
with respect to the signal of the ultrasonic wave amplified by the signal amplifier (31) regardless of the receiving
depth;

a frequency analyzing step of calculating a frequency spectrum by analyzing the frequency of the signal of the
ultrasonic wave corrected at the amplifying-correction step; and

a feature data extracting step including:

an approximation step of performing an approximation process on the frequency spectrum calculated at
the frequency analyzing step, thereby to extract pre-correction feature data therefrom; and

an attenuation step of performing an attenuation correction process on the pre-correction feature data
extracted at the approximation step, thereby to extract feature data; or

an attenuation step of performing an attenuation correction process on the frequency spectrum calculated
at the frequency analyzing step; and

an approximation step of performing an approximation process on the frequency spectrum on which the
attenuation correction process has been performed at the attenuation step, thereby to extract feature data;

the method further comprising:
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a feature data image data generating step of generating feature data image data to display visual information
corresponding to the feature data extracted at the feature data extracting step.

12. An operation program product of an ultrasonic observation apparatus (1) according to claim 1 adapted to perform

the method according to claim 11.

Patentanspriiche

Ultraschallbeobachtungsvorrichtung (1), die eine Ultraschallwelle an eine Probe sendet und die von der Probe
reflektierte Ultraschallwelle empféangt, wobei die Vorrichtung (1) umfasst:

einen Signalverstarker (31), der ein Signal der von der Probe empfangenen Ultraschallwelle mit einem Verstéar-
kungsfaktor gemaf einer Empfangstiefe verstarkt;

einen B-Mode-Bilddatengenerator (51), der B-Mode-Bilddaten generiert, wobei die Amplitude des vom Signal-
verstarker (31) verstarkten Signals der Ultraschallwelle in Helligkeit umgewandelt und angezeigt wird;

einen Verstarkungskorrektor (41), der eine Verstarkungskorrektur durchfihrt, um den Verstarkungsfaktor in
Bezug auf das vom Signalverstarker (31) verstarkte Signal der Ultraschallwelle unabhangig von der Empfang-
stiefe konstant zu machen;

einen Frequenzanalysator (42), der ein Frequenzspektrum durch Analysieren der Frequenz des vom Verstar-
kungskorrektor (41) korrigierten Signals der Ultraschallwelle berechnet; und

einen Merkmalsdatenextraktor (43), der umfasst:

eine Approximationseinheit (431), die einen Approximationsprozess an dem vom Frequenzanalysator (42)
berechneten Frequenzspektrum durchfiihrt, um Vorkorrektur-Merkmalsdaten davon zu extrahieren; und
einen Abschwachungskorrektor (432), der einen Abschwachungskorrekturprozess an den von der Appro-
ximationseinheit (431) extrahierten Vorkorrektur-Merkmalsdaten durchfiihrt, um Merkmalsdaten zu extra-
hieren; oder

einen Abschwachungskorrektor (432), der einen Abschwachungskorrekturprozess an dem vom Frequen-
zanalysator (42) berechneten Frequenzspektrum durchfihrt; und

eine Approximationseinheit (431), die einen Approximationsprozess an dem Frequenzspektrum durchfiihrt,
an dem der Abschwachungskorrektor (432) den Abschwéachungskorrekturprozess durchgefiihrt hat, um
Merkmalsdaten zu extrahieren;

wobei die Ultraschallbeobachtungsvorrichtung ferner umfasst:
einen Merkmalsdaten-Bilddatengenerator (52), der Merkmalsdaten-Bilddaten generiert, um visuelle Information
anzuzeigen, die den vom Merkmalsdatenextraktor (43) extrahierten Merkmalsdaten entsprechen.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1,
wobei der Verstarkungsfaktor beim Durchfihren der Verstarkung unter Verwendung des Signalverstarkers in einer
Empfangstiefe bis zu einer vordefinierten Empfangstiefe monoton steigt.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1,
wobei der Korrekturbetrag, mit dem der Abschwéachungskorrektor (432) eine Korrektur durchfiihrt, umso grofer ist,
desto groRer die Empfangstiefe der Ultraschallwelle ist.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1, die ferner umfasst:
eine Steuerung (9), die ein gesammeltes Durchflihren der Verstarkungskorrektur des Verstarkungskorrektors (41)
und des Abschwachungskorrekturprozesses des Abschwachungskorrektors (432) zulasst.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1,
wobei die Approximationseinheit (431) den Approximationsprozess mit einem durch Regressionsanalyse gelegten
Polynom durchfiihrt.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 5,

wobei die Approximationseinheit (431) den Approximationsprozess mit einem linearen Ausdruck durchfiihrt und
eine Mehrzahl von Merkmalsdatenstlicken, umfassend zumindest zwei eines Gradienten des linearen Ausdrucks,
eines Intercepts des linearen Ausdrucks und einer Starke, die unter Verwendung des Gradienten, des Intercepts
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und einer spezifischen Frequenz ermittelt wird, die im Frequenzband des Frequenzspektrums umfasstist, extrahiert.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch einem der Anspriiche 1 bis 6, die ferner umfasst:

eine Speichereinheit (8), die die extrahierten Merkmalsdaten des Frequenzspektrums auf Basis der von einer
Mehrzahl von bekannten Proben reflektierten Ultraschallwellen in Assoziation mit Gewebecharakteristika der
Mehrzahl von bekannten Proben speichert; und

eine Gewebecharakteristikaermittlungseinheit (44), die ein Gewebecharakteristikum eines vordefinierten Be-
reichs der Probe unter Verwendung der Merkmalsdaten, die in Assoziation mit der Mehrzahl von bekannten
Proben in der Speichereinheit (8) gespeichert sind, und der Merkmalsdaten, die vom Merkmalsdatenextraktor
(43) extrahiert werden, ermittelt.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1,
wobei die visuelle Information eine Variable ist, die einen Farbraum darstellt.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1,
wobei der Abschwachungskorrektor (432) den Abschwachungskorrekturprozess unter Verwendung einer vordefi-
nierten Abschwachungsrate durchfiihrt, die gemaR einem Typ eines Beobachtungszielorgans ermittelt wird.

Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 9, die ferner eine Eingabeeinheit (6) umfasst, die unter
Verwendung einer Schnittstelle umgesetzt ist und eine Informationseingabe empféangt, wobei die Abschwéachungs-
rate durch eine Eingabe von der Eingabeeinheit (6) geandert wird.

Betriebsverfahren flr eine Ultraschallbeobachtungsvorrichtung (1), die eine Ultraschallwelle an eine Probe sendet
und die von der Probe reflektierte Ultraschallwelle empfangt, wobei das Verfahren umfasst:

einen Signalverstarkungsschritt zum Verstarken eines Signals der von der Probe empfangenen Ultraschallwelle
mit einem Verstarkungsfaktor gemaf einer Empfangstiefe unter Verwendung eines Signalverstarkers (31);
einen Schritt des Generierens von B-Mode-Bilddaten zum Generieren von B-Mode-Bilddaten, wobei die Amp-
litude des vom Signalverstarker (31) verstarkten Signals der Ultraschallwelle in Helligkeit umgewandelt und
angezeigt wird;

einen Verstarkungskorrekturschritt zum Durchfiihren einer Verstarkungskorrektur, um den Verstarkungsfaktor
in Bezug auf das vom Signalverstarker (31) verstarkte Signal der Ultraschallwelle unabhéngig von der Emp-
fangstiefe konstant zu machen;

einen Frequenzanalyseschritt zum Berechnen eines Frequenzspektrums durch Analysieren der Frequenz des
im Verstarkungskorrekturschritt korrigierten Signals der Ultraschallwelle; und

einen Merkmalsdatenextraktionsschritt, der umfasst:

einen Approximationsschritt zum Durchfiihren eines Approximationsprozesses an dem im Frequenzana-
lyseschritt berechneten Frequenzspektrum, um Vorkorrektur-Merkmalsdaten aus diesem zu extrahieren;
und

einen Abschwachungsschritt zum Durchfiihren eines Abschwachungskorrekturprozesses an den im Ap-
proximationsschritt extrahierten Vorkorrektur-Merkmalsdaten, um Merkmalsdaten zu extrahieren; oder
einen Abschwachungsschritt zum Durchflihren eines Abschwéachungskorrekturprozesses an dem im Fre-
quenzanalyseschritt berechneten Frequenzspektrum; und

einen Approximationsschritt zum Durchflihren eines Approximationsprozesses an dem Frequenzspektrum,
an dem der Abschwachungskorrekturprozess im Abschwachungsschritt durchgefiihrt wurde, um Merkmals-
daten zu extrahieren;

wobei das Verfahren ferner umfasst:
einen Merkmalsdaten-Bilddatengenerierungsschritt zum Generieren von Merkmalsdaten-Bilddaten, um visuelle
Information anzuzeigen, die den im Merkmalsdatenextraktionsschritt extrahierten Merkmalsdaten entsprechen.

12. Betriebsprogrammprodukt einer Ultraschallbeobachtungsvorrichtung (1) nach Anspruch 1, das so ausgelegt ist,

dass es das Verfahren nach Anspruch 11 durchflhrt.
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Revendications

1. Appareil d’observation ultrasonore (1) qui envoie une onde ultrasonore vers un échantillon et recoit 'onde ultrasonore
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réfléchie par I'échantillon, I'appareil (1) comprenant :

un amplificateur de signal (31) qui amplifie un signal de I'onde ultrasonore regue en provenance de I'’échantillon
avec un facteur d’amplification selon une profondeur de réception ;

un générateur de données d'image de mode B (51) qui génére des données d'image de mode B dans lesquelles
I'amplitude du signal de 'onde ultrasonore amplifiée par 'amplificateur de signal (31) est convertie en brillance
et affichée ;

un correcteur d’amplification (41) qui réalise une correction d’amplification pour rendre le facteur d’amplification
constant par rapport au signal de I'onde ultrasonore amplifiée par I'amplificateur de signal (31) indépendamment
de la profondeur de réception ;

un analyseur de fréquence (42) qui calcule un spectre fréquentiel par analyse de la fréquence du signal de
I'onde ultrasonore corrigée par le correcteur d’amplification (41) ; et

un extracteur de données caractéristiques (43) comprenant :

une unité d’approximation (431) qui réalise un traitement d’approximation sur le spectre fréquentiel calculé
par 'analyseur de fréquence (42), pour ainsi extraire des données caractéristiques de précorrection a partir
de celui-ci ; et

un correcteur d’atténuation (432) qui réalise un traitement de correction d’atténuation sur les données
caractéristiques de précorrection extraites par I'unité d’approximation (431), pour ainsi extraire des données
caractéristiques ; ou

un correcteur d’atténuation (432) qui réalise un traitement de correction d’atténuation sur le spectre fré-
quentiel calculé par I'analyseur de fréquence (42) ; et

une unité d’approximation (431) qui réalise un traitement d’approximation sur le spectre fréquentiel sur
lequel le traitement de correction d’atténuation a été réalisé par le correcteur d’atténuation (432), pour ainsi
extraire des données caractéristiques ;

I'appareil d’'observation ultrasonore comprenant en outre

un générateur de données d'image de données caractéristiques (52) qui génére des données d’image de
données caractéristiques pour afficher des informations visuelles correspondant aux données caractéristiques
extraites par I'extracteur de données caractéristiques (43).

Appareil d’observation ultrasonore (1) selon la revendication 1,
danslequel le facteur d’amplification dans laréalisation de 'amplification a 'aide de I'amplificateur de signalaugmente
de fagon monotone a une profondeur de réception allant jusqu’a une profondeur de réception prédéterminée.

Appareil d’observation ultrasonore (1) selon la revendication 1,
dans lequel plus la profondeur de réception de I'onde ultrasonore est grande, plus la quantité de correction avec
laquelle le correcteur d’atténuation (432) réalise la correction est grande.

Appareil d'observation ultrasonore (1) selon la revendication 1, comprenant en outre :
un dispositif de commande (9) qui permet a la correction d’amplification du correcteur d’amplification (41) et au
traitement de correction d’atténuation du correcteur d’'atténuation (432) d’étre réalisés collectivement.

Appareil d’observation ultrasonore (1) selon la revendication 1,
dans lequel I'unité d’approximation (431) réalise le traitement d’approximation avec une analyse par régression
polynomiale.

Appareil d'observation ultrasonore (1) selon la revendication 5,

dans lequel I'unité d’approximation (431) réalise le traitement d’approximation avec une expression linéaire, et extrait
une pluralité d’éléments de données caractéristiques comprenant au moins deux parmi un gradient de I'expression
linéaire, un point d’intersection de I'expression linéaire et une intensité qui est déterminée a 'aide du gradient, du
point d’intersection et d’'une fréquence spécifique incluse dans la bande de fréquences du spectre fréquentiel.

Appareil d'observation ultrasonore (1) selon I'une quelconque des revendications 1 a 6, comprenant en outre :
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une unité de stockage (8) qui stocke les données caractéristiques du spectre fréquentiel extraites sur la base
d’ondes ultrasonores réfléchies par une pluralité d’échantillons connus en association avec des caractéristiques
de tissu de la pluralité d’échantillons connus ; et

une unité de détermination de caractéristique de tissu (44) qui détermine une caractéristique de tissu d’'une
zone prédéterminée de I'échantillon a l'aide des données caractéristiques stockées en association avec la
pluralité d’échantillons connus dans I'unité de stockage (8) et des données caractéristiques extraites par I'ex-
tracteur de données caractéristiques (43).

Appareil d'observation ultrasonore (1) selon la revendication 1,
dans lequel les informations visuelles sont une variable constituant un espace couleur.

Appareil d'observation ultrasonore (1) selon la revendication 1,
dans lequel le correcteur d’atténuation (432) réalise le traitement de correction d’atténuation a I'aide d’'un taux
d’atténuation prédéterminé qui est déterminé selon un type d’'un organe cible d’observation.

Appareil d’observation ultrasonore (1) selon la revendication 9, comprenant en outre une unité d’entrée (6) qui est
réalisée al'aide d’'une interface et regoit une entrée d’informations, le taux d’atténuation étant modifié par une entrée
provenant de I'unité d’entrée (6).

Procédé de fonctionnement d’'un appareil d’'observation ultrasonore (1) qui envoie une onde ultrasonore vers un
échantillon et recgoit I'onde ultrasonore réfléchie par I'échantillon, le procédé comprenant :

une étape d’amplification de signal pour amplifier, a I'aide d’un amplificateur de signal (31), un signal de 'onde
ultrasonore regue en provenance de I'’échantillon avec un facteur d’amplification selon une profondeur de
réception ;

une étape de génération de données d'image de mode B pour générer des données d’'image de mode B dans
lesquelles 'amplitude du signal de I'onde ultrasonore amplifiée par 'amplificateur de signal (31) est convertie
en brillance et affichée ;

une étape de correction d’amplification pour réaliser une correction d’amplification afin de rendre le facteur
d’amplification constant par rapport au signal de 'onde ultrasonore amplifiée par I'amplificateur de signal (31)
indépendamment de la profondeur de réception ;

une étape d’analyse de fréquence pour calculer un spectre fréquentiel par analyse de la fréquence du signal
de 'onde ultrasonore corrigée a I'étape de correction d’amplification ; et

une étape d’extraction de données caractéristiques comprenant :

une étape d’approximation pour réaliser un traitement d’approximation sur le spectre fréquentiel calculé a
I'étape d’analyse de fréquence, pour ainsi extraire des données caractéristiques de précorrection a partir
de celui-ci ; et

une étape d’atténuation pour réaliser un traitement de correction d’atténuation sur les données caractéris-
tiques de précorrection extraites al'étape d’approximation, pour ainsi extraire des données caractéristiques ;
ou

une étape d’atténuation pour réaliser un traitement de correction d’atténuation sur le spectre fréquentiel
calculé a I'étape d’analyse de fréquence ; et

une étape d’approximation pour réaliser un traitement d’approximation sur le spectre fréquentiel sur lequel
le traitement de correction d’atténuation a été réalisé a I'étape d’atténuation, pour ainsi extraire des données
caractéristiques ; et

le procédé comprenant en outre :

une étape de génération de données d’image de données caractéristiques pour générer des données d’'image
de données caractéristiques afin d’afficher des informations visuelles correspondant aux données caractéris-
tiques extraites a I'étape d’extraction de données caractéristiques.

12. Produit de programme de fonctionnement d’'un appareil d’observation ultrasonore (1) selon la revendication 1, congu

pour réaliser le procédé selon la revendication 11.
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