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

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/JP2011/76026, designating the United
States and filed on Nov. 11, 2011 which claims the benefit of
priority of the prior Japanese Patent Application No. 2010-
253286, filed on Nov. 11, 2010, and the entire contents of the
International application and the Japanese Application are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic obser-
vation apparatus that allows an observation of tissues of a
subject by using ultrasonic waves, an operation method of the
same, and a computer readable recording medium.

[0004] 2. Description of the Related Art

[0005] Conventionally, a technique known as an ultrasound
elastography has been known as a technique using ultrasonic
waves for an examination of a breast cancer and the like (see
International Publication No. 2005/122906, for example).
The ultrasound elastography is a technique of utilizing a
diagnostic that tissues developing a cancer or a tumor in an
organism vary in hardness depending on a development status
of a disease or on an individual. In this technique, an amount
of strain and a modulus of elasticity of biological tissues in an
examination site are measured by using ultrasonic waves
under a condition where a compression is applied externally
on the examination site and a result of the measurement is
displayed as a cross-sectional image.

SUMMARY OF THE INVENTION

[0006] According to an aspect of the present invention, an
ultrasonic observation apparatus that transmits an ultrasonic
wave to a subject and receives an ultrasonic wave reflected by
the subject includes: a reference spectrum storage unit that
stores a first reference spectrum in a first reception depth
range and a second reference spectrum in a second reception
depth range obtained based on a frequency of an ultrasonic
wave received from a reference reflector; a frequency ana-
lyzer that calculates a frequency spectrum by analyzing a
frequency of the received ultrasonic wave; and a corrected
frequency spectrum calculator that calculates a corrected fre-
quency spectrum by determining whether a reception depth
of the frequency spectrum calculated by the frequency ana-
lyzer is the first reception depth range or the second reception
depth range, and obtaining a difference, in a case of the first
reception depth range, between the first reference spectrum
and the frequency spectrum and a difference, in a case of the
second reception depth range, between the second reference
spectrum and the frequency spectrum.

[0007] According to another aspect of the present inven-
tion, an operation method of an ultrasonic observation appa-
ratus that transmits an ultrasonic wave to a subject and
receives an ultrasonic wave reflected by the subject includes:
calculating a frequency spectrum by a frequency analyzer by
analyzing a frequency of a received ultrasonic wave; storing a
first reference spectrum in a first reception depth range and a
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second reference spectrum in a second reception depth range
obtained based on a frequency of an ultrasonic wave received
from a reference reflector; and calculating a corrected fre-
quency spectrum by determining whether a reception depth
of the frequency spectrum calculated at the calculating is the
first reception depth range or the second reception depth
range and by obtaining a difference, in a case of the first
reception depth range, between the first reference spectrum
and the frequency spectrum and a difference, in a case of the
second reception depth range, between the second reference
spectrum and the frequency spectrum.

[0008] According to still another aspect of the present
invention, in a non-transitory computer readable recording
medium with an executable program stored thereon, the pro-
gram instructs a processor to execute: calculating a frequency
spectrum by a frequency analyzer by analyzing a frequency of
a received ultrasonic wave; storing a first reference spectrum
in a first reception depth range and a second reference spec-
trum in a second reception depth range obtained based on a
frequency of an ultrasonic wave received from a reference
reflector; and calculating a corrected frequency spectrum by
determining whether a reception depth of the frequency spec-
trum calculated at the calculating is the first reception depth
range or the second reception depth range and by obtaining a
difference, in a case of the first reception depth range,
between the first reference spectrum and the frequency spec-
trum and a difference, in a case of the second reception depth
range, between the second reference spectrum and the fre-
quency spectrum.

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of a configuration of an
ultrasonic observation apparatus according to a first embodi-
ment of the present invention;

[0011] FIG. 2 schematically shows frequency band infor-
mation stored by the ultrasonic observation apparatus accord-
ing to the first embodiment of the present invention;

[0012] FIG. 3 schematically shows an outline of a creation
of a reference spectrum stored by the ultrasonic observation
apparatus according to the first embodiment of the present
invention;

[0013] FIG. 4isa flowchart of an outline of a process of the
ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0014] FIG. 5 shows an example of displaying a B-mode
imageina display unit of the ultrasonic observation apparatus
according to the first embodiment of the present invention;
[0015] FIG. 6 is a flowchart of an outline of a process
performed by a frequency analyzer of the ultrasonic observa-
tion apparatus according to the first embodiment of the
present invention;

[0016] FIG. 7 schematically shows a data array of one
sound ray;
[0017] FIG. 8 shows an example (first example) of a fre-

quency spectrum calculated by the frequency analyzer of the
ultrasonic observation apparatus according to the first
embodiment of the present invention;
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[0018] FIG. 9 shows an example (second example) of a
frequency spectrum calculated by the frequency analyzer of
the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0019] FIG. 10 shows an example (third example) of a
frequency spectrum calculated by the frequency analyzer of
the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0020] FIG. 11 shows an example (fourth example) of a
frequency spectrum calculated by the frequency analyzer of
the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0021] FIG. 12 schematically shows an outline of a cor-
rected frequency spectrum calculating process and a feature
data extracting process performed on the frequency spectrum
shown in FIG. 8;

[0022] FIG. 13 schematically shows an outline of a cor-
rected frequency spectrum calculating process and a feature
data extracting process performed on the frequency spectrum
shown in FIG. 9;

[0023] FIG. 14 schematically shows an outline of a cor-
rected frequency spectrum calculating process and a feature
data extracting process performed on the frequency spectrum
shown in FIG. 10;

[0024] FIG. 15 schematically shows an outline of a cor-
rected frequency spectrum calculating process and a feature
data extracting process performed on the frequency spectrum
shown in FIG. 11;

[0025] FIG. 16 shows a new straight line defined based on
feature data obtained after performing an attenuation correc-
tion on feature data related to the straight line shown in FIG.
12;

[0026] FIG. 17 is a flowchart of an outline of a process
performed by a tissue property determining unit of the ultra-
sonic observation apparatus according to the first embodi-
ment of the present invention;

[0027] FIG. 18 shows an example ofa feature data space set
by the tissue property determining unit of the ultrasonic
observation apparatus according to the first embodiment of
the present invention;

[0028] FIG. 19 shows an example of displaying a determi-
nation result displaying image displayed in the display unit of
the ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0029] FIG. 20 is an explanatory view of a result of an
attenuation correcting process performed by the ultrasonic
observation apparatus according to the first embodiment of
the present invention;

[0030] FIG. 21 is a flowchart of an outline of an attenuation
correcting process performed by an ultrasonic observation
apparatus according to a second embodiment of the present
invention; and

[0031] FIG. 22 schematically shows the outline of the
attenuation correcting process performed by the ultrasonic
observation apparatus according to the second embodiment
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] Exemplary embodiments of the present invention
(hereinafter referred to as “embodiments”) will be explained
below with reference to the accompanying drawings.
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First Embodiment

[0033] FIG. 1 is a block diagram of a configuration of an
ultrasonic observation apparatus according to a first embodi-
ment of the present invention. An ultrasonic observation
apparatus 1 shown in FIG. 1 allows an observation ofa subject
by using ultrasonic waves.

[0034] The ultrasonic observation apparatus 1 is provided
with an ultrasonic probe 2 that outputs an ultrasonic pulse to
an outside and also receives an ultrasonic echo reflected at the
outside, a transceiver 3 that transmits and receives an electri-
cal signal to and from the ultrasonic probe 2, an operation unit
4 that performs a predetermined operation with respect to an
electrical echo signal obtained by converting the ultrasonic
echo, an image processor 5 that generates image data corre-
sponding to the electrical echo signal obtained by converting
the ultrasonic echo, an input unit 6 that is realized by using an
interface such as a keyset, a mouse, and a touchscreen and
accepts an input of information of various kinds, a display
unit 7 that is realized by using a display panel formed by a
crystal liquid or an organic EL and displays information of
various kinds including images generated by the image pro-
cessor 5, a storage unit 8 that stores information of various
kinds including information concerning a tissue property of a
known subject, and a control unit9 that performs an operation
control of the ultrasonic observation apparatus 1.

[0035] The ultrasonic probe 2 is provided with a signal
converter 21 that converts the electrical pulse signal received
from the transceiver 3 into an ultrasonic pulse (acoustic pulse
signal) and converts the ultrasonic echo reflected by the sub-
ject outside into an electrical echo signal. The ultrasonic
probe 2 may be configured such that an ultrasonic transducer
mechanically scans or a plurality of ultrasonic transducers
electronically scan.

[0036] The transceiver 3 is electrically connected to the
ultrasonic probe 2, transmits a pulse signal to the ultrasonic
probe 2, and receives an echo signal from the ultrasonic probe
2. Specifically, the transceiver 3 generates a pulse signal
based on a preset waveform and transmission time and trans-
mits the generated pulse signal to the ultrasonic probe 2.
Besides, the transceiver 3 performs an A/D conversion after
performing processes including amplification, filtering, and
the like on the received echo signal to generate and output a
digital RF signal. In the case where the ultrasonic probe 2 is
configured to make a plurality of ultrasonic transducers elec-
tronically scan, the transceiver 3 includes a multichannel
circuit for a beam synthesis to deal with the plurality of
ultrasonic transducers.

[0037] The operation unit 4 is provided with a frequency
analyzer 41 that calculates a frequency spectrum (power
spectrum) of an echo signal by performing a fast Fourier
transform (FFT) on the digital RF signal output from the
transceiver 3, a frequency band setting unit 42 that sets a
frequency band used in approximating the frequency spec-
trum calculated by the frequency analyzer 41, a corrected
frequency spectrum calculator 43 that calculates a corrected
frequency spectrum by correcting the frequency spectrum
calculated by the frequency analyzer 41 based on a predeter-
mined reference spectrum stored in the storage unit 8, a
feature data extracting unit 44 that extracts feature data of a
subject by performing an approximating process and an
attenuation correcting process of reducing a contribution of
an attenuation generated depending on a reception depth and
a frequency of ultrasonic waves in the transmission of ultra-
sonic waves, and a tissue property determining unit 45 that
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determines a tissue property in a predetermined area of the
subject by using the feature data extracted by the feature data
extracting unit 44.

[0038] The frequency analyzer 41 calculates a frequency
spectrum by performing, with respect to each sound ray (line
data), the fast Fourier conversion on an FFT data group
including a predetermined volume of data. A frequency spec-
trum shows a tendency specific to a tissue property of a
subject. This is because a frequency spectrum has a correla-
tion with size, density, acoustic impedance, and the like of a
subject which is a scattering substance that scatters ultrasonic
waves.

[0039] The frequency band setting unit 42 performs a fre-
quency band setting by reading out from the storage unit8 and
referring to a frequency band table, which will be explained
later, stored by the storage unit 8. The reason why the fre-
quency band setting is changed for each reception depth in
this manner is that there is a possibility in ultrasonic waves
that efficient information of high frequency component is lost
and inefficient information remains in an echo signal received
from a site whose reception depth is large since a higher
frequency component attenuates more quickly. By taking this
aspect into consideration, a frequency band is set in the first
embodiment so that a band width becomes narrower and a
maximum frequency becomes smaller as a reception depth is
larger.

[0040] The corrected frequency spectrum calculator 43
reads out from the storage unit 8 and refers to reference
spectrum information, which will be explained later, stored in
the storage unit 8, calculates a difference between the refer-
ence spectrum and a frequency spectrum for each reception
depth, and calculate a corrected frequency spectrum. The
reason why the correction of the frequency spectrum is per-
formed for each reception depth is the same as the reason for
the setting of the frequency band explained above.

[0041] The feature data extracting unit 44 is provided with
an approximating unit 441 that calculates, by performing an
approximating process on the corrected frequency spectrum
calculated by the corrected frequency spectrum calculator 43,
before-correction feature data before an attenuation correct-
ing process is performed, and an attenuation corrector 442
that performs the attenuation correcting process on the
before-correction feature data approximated by the approxi-
mating unit 441 to extract feature data.

[0042] The approximating unit 441 approximates a fre-
quency spectrum by a primary expression via a regression
analysis to extract the before-correction feature data which
defines the approximate primary expression. Specifically, the
feature data extracting unit 44 calculates a slope a, and an
intercept b, of the primary expression via the regression
analysis and also calculates intensity at a specific frequency
within a frequency band in the frequency spectrum as the
before-correction feature data. While the approximating unit
441 is configured to calculate an intensity (Mid-band fit)
“co=aylyuptb,” in a middle frequency “f, ,,,=(f; ot imen)
2” in the first embodiment, this is just one example. The
“intensity” here indicates any one of parameters such as a
voltage, an electric power, a sound pressure, and an acoustic
energy.

[0043] Among the feature data of three kinds, the slope a,
has a correlation with a size of a scattering substance that
scatters ultrasonic waves and it is considered that the slope
has a smaller value as the scattering substance is larger in size
in general. Besides, the intercept b, has a correlation with a

Feb. 7,2013

size of the scattering substance, a difference in acoustic
impedance, density (consistency) of the scattering substance,
and the like. Specifically, the intercept b, is considered to
have a larger value as the scattering substance is larger in size,
to have a larger value as a value for the acoustic impedance is
larger, and to have a larger value as a value for the density
(consistency) of the scattering substance is larger. The inten-
sity ¢, in the middle frequency f,,,, (hereinafter simply
referred to as “intensity”) is an indirect parameter obtained
from the slope a, and the intercept b, and provides spectrum
intensity in the middle within an efficient frequency band.
Therefore, the intensity ¢, is considered to have a certain level
of correlation with a brightness of the B-mode image in
addition to the size of the scattering substance, the difference
in acoustic impedance, and the density of the scattering sub-
stance. Here, an approximating polynomial calculated by the
feature data extracting unit 44 is not limited to the primary
expression and an approximating polynomial of quadratic or
higher expression may be used.

[0044] A correction performed by the attenuation corrector
442 will be explained. An attenuation amount A of ultrasonic
waves can be expressed as follows:

A=2azf O

Here, a symbol “«” indicates an attenuation rate, a symbol
“z” indicates a reception depth of ultrasonic waves, and a
symbol “f” indicates a frequency. As evidenced by expression
(1), the attenuation amount A is proportional to the frequency
f. A specific value for the attenuation rate o is 0 to 1.0 (dB/
cm/MHz), more preferably 0.3 to 0.7 (dB/c/MHz) in a case
of a biological body. and the value is determined depending
on the kind of an organ as an observation target. For example,
in acase where an organ as an observation target is a pancreas,
“a=0.6 (dB/c/MHz)” is determined. Here in the first
embodiment, it is also possible to make a configuration such
that the value for the attenuation rate a can be changed by an
input from the input unit 6.

[0045] The attenuation corrector 442 corrects the before-
correction feature data (the slope a,, the intercept b, and the
intensity c,) extracted by the approximating unit 441 as fol-
lows.

a=aglaz 2
b=b 3
e=cq+20fymp (SAfap+h) ()

As evidenced by expressions (2) and (4), the attenuation
corrector 422 performs a correction whose correction amount
is larger as the reception depth z of ultrasonic waves is larger.
Besides, according to expression (3), a correction concerning
to the intercept is an identical transformation. This is because
the intercept is a frequency component corresponding to the
frequency 0 (Hz) and is not subject to the attenuation.

[0046] The tissue property determining unit 45 calculates
an average and a standard deviation of feature data of the
frequency spectrum extracted by the feature data extracting
unit 44 for each feature data. The tissue property determining
unit 45 determines a tissue property of a predetermined area
of the subject by using the calculated average and the standard
deviation and an average and a standard deviation of feature
data, stored in the storage unit 8, of a frequency spectrum of
a known subject. The “predetermined area” here means an
area in an image specified, via the input unit 6, by an operator
ofthe ultrasonic observation apparatus 1 who watches images
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generated by the image processor 5 (hereinafter referred to as
“area of interest”). Besides, the “the tissue property” here
means any one of a cancer, an endocrine tumor, a mucinous
tumor, normal tissues, and a vascular channel, for example. In
the case where the subject is a pancreas, a chronic pancreati-
tis, an autoimmune pancreatitis, and the like are included as
the tissue property.

[0047] The average and the standard deviation of the fea-
ture data calculated by the tissue property determining unit 45
reflect changes at a cellular level such as an enlargement of a
nucleus and a heteromorphy and changes in tissues such as a
fibrous growth in interstitium and a fibrosis substituted with
parenchymal tissues, and indicate a value specific to each
tissue property. Therefore, it becomes possible to accurately
determine a tissue property in a predetermined area of the
subject by using the average and the standard deviation of the
feature data.

[0048] The image processor 5 is provided with a B-mode
image data generator 51 that generates B-mode image data
for performing a display by converting an amplitude of an
echo signal into a brightness and a determination result dis-
playing image data generator 52 that generates a determina-
tion result displaying image data for performing a display of
a determination result of the tissue property in 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 operation unit 4.

[0049] The B-mode image data generator 51 generates
B-mode image data by performing a signal process using
known techniques such as a band-pass filter, a logarithmic
transformation, a gain process, and a contrast process on the
digital signal, and also culling data depending on a data step
width which is determined in accordance with a display range
of an image in the display unit 7.

[0050] Thedeterminationresult displaying image data gen-
erator 52 generates determination result displaying image
data including the determination result of the tissue property
in the area of interest and a tissue property emphasized image
in which the tissue property is emphasized by using the
B-mode image data generated by the B-mode image data
generator 51, the feature data extracted by the feature data
extracting unit 44, and the determination result determined by
the tissue property determining unit 45.

[0051] The storage unit 8 is provided with a known subject
information storage unit 81 that stores information of a
known subject, a frequency band information storage unit 82
that stores frequency band information determined depend-
ing on a reception depth of ultrasonic waves, a reference
spectrum information storage unit 83 that stores reference
spectrum information depending on a reception depth of
ultrasonic waves, a window function storage unit 84 that
stores a window function which is used in a frequency ana-
lyzing process performed by the frequency analyzer 41, and a
correction information storage unit 85 that stores correction
information which is referred to when an attenuation correc-
tor 442 performs the process.

[0052] The known subject information storage unit 81
stores, by associating with a tissue property of a known sub-
ject, feature data of a frequency spectrum extracted with
respect to the known subject. Besides, the known subject
information storage unit 81 stores, with respect to the feature
data of the frequency spectrum related to the known subject,
an average and a standard deviation calculated for each of
groups classified based on tissue properties of known sub-
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jects, together with the data of all kinds of the feature data of
the known subjects. Here, the feature data of the known
subjects is extracted in the same process as the first embodi-
ment. It should be noted that it is not necessary to perform the
process of extracting feature data of the known subjects in the
ultrasonic observation apparatus 1. It is preferable that infor-
mation of the known subjects stored in the known subject
information storage unit 81 has a high degree of reliability on
tissue property.

[0053] FIG. 2 schematically shows a frequency band table
as frequency band information stored in the frequency band
information storage unit 82. A frequency band table Tb in
FIG. 2 shows a minimum frequency (f; 55) and a maximum
frequency (f;;5;,) for each reception depth of ultrasonic
waves. In the frequency band table Tb, the larger the reception
depth is, the narrower a band width F,;,~F; o5- s and the
smaller the maximum frequency f,;;;; is. Besides, when the
reception depth is relatively small (2 to 6 cm in FIG. 2), the
frequency band is not changed in the frequency band table Tb
since an influence of an attenuation is small. In contrast, when
the reception depth is relatively large (8 to 12 cm in FIG. 2),
the band is made narrow and made to shift to a side of a lower
frequency since an influence of an attenuation is large. By
using the frequency band table Tb, it is possible to perform
imaging by extracting only a signal having efficient informa-
tion. Here, the frequency band table is set individually for
each kind (model) of the ultrasonic probe 2.

[0054] The reference spectrum information storage unit 83
stores, as frequency information depending on each reception
depth of ultrasonic waves on a predetermined reference
reflector, a frequency spectrum calculated based on an echo
signal obtained by being reflected by the reference reflector
(hereinafter referred to as “reference spectrum”). The refer-
ence reflector is an ideal reflector on which ultrasonic waves
do not scatter, through which ultrasonic waves do not pass,
and by which ultrasonic waves are not absorbed, for example.
The reference spectrum is calculated for each kind of the
ultrasonic probe 2 and for each reception depth of ultrasonic
waves. Here, the reason why the reference spectrum is calcu-
lated for each of different ultrasonic probes 2 is that a trans-
ducer differs depending on the kind of the ultrasonic probes 2
and therefore there is a difference in a waveform of pulse to be
transmitted. Here, it is not necessary that the reference reflec-
tor is the ideal reflector in a sense explained above.

[0055] FIG. 3 schematically shows an outline of a process
of creating the reference spectrum. As shown in FIG. 3, a
transducer 22 provided in the ultrasonic probe 2 forms a
sound field (SF) nearly symmetric with respect to a travelling
direction (vertical direction in FIG. 3) of ultrasonic waves
around a focal point. FIG. 3 illustrates a relation between a
reception depth z and an intensity 1 of each echo signal
obtained by the ultrasonic probe 2 when a reference reflector
10 is arranged at three points including the focal point. A
reference spectrum is calculated via a frequency analysis by
the frequency analyzer 41 by using intensity data of an echo
signal reflected by the reference reflector 10 in calculating the
reference spectrum, and a result of the calculation is stored in
the reference spectrum information storage unit 83.

[0056] The window function storage unit 84 stores at least
one of window functions such as Hamming window, Hanning
window, and Blackman window.

[0057] The correction information storage unit 85 stores
information concerning conversion of expressions (2) to (4).
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[0058] The storage unit 8 is realized by using a ROM that
stores in advance an operation program of the ultrasonic
observation apparatus according to the first embodiment, a
program for starting the operation system, and the like, and a
RAM that stores operation parameters of various processes,
data, and the like.

[0059] Components other than the ultrasonic probe 2 of the
ultrasonic observation apparatus 1 having functional configu-
ration explained above are realized by using a computer pro-
vided with a CPU having an operating function and a con-
trolling function. The CPU provided in the ultrasonic
observation apparatus 1 executes an operating process related
to an operating method of the ultrasonic observation appara-
tus according to the first embodiment by reading out, from the
storage unit 8, information memorized and stored in the stor-
age unit 8 and programs of various kinds including the opera-
tion program of the ultrasonic observation apparatus
explained above.

[0060] Here, it is possible to widely distribute the operation
program of the ultrasonic observation apparatus according to
the first embodiment by recording it in a computer-readable
recording medium such as a hard disk, a flash memory, a
CD-ROM, a DVD-ROM, and a flexible disk.

[0061] FIG.4isa flowchart of an outline of a process of the
ultrasonic observation apparatus 1 having the configuration
explained above. In FIG. 4, the ultrasonic observation appa-
ratus 1 first performs a measurement of a new subject by the
ultrasonic probe 2 (step S1). After that, the B-mode image
data generator 51 generates B-mode image data (step S2).
[0062] Thecontrolunit9 then performs a control of making
the display unit 7 display a B-mode image corresponding to
the B-mode image data generated by the B-mode image data
generator 51 (step S3). FIG. 5 shows an example of display-
ing 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 for
variables R (red), G (green), and B (blue), when an RGB color
system is adopted for a color space, are made to conform.
[0063] After that, when an area of interest is set via the input
unit 6 (“Yes” at step S4), the frequency analyzer 41 calculates
a frequency spectrum by performing a frequency analysis
through the FFT operation (step S5). At this step S5, it is
possible to set all area of the image as the area of interest. On
the other hand, when an area of interest is not set (“No” at step
S4) and an instruction to end the process is input via the input
unit 6 (“Yes™ at step S6), the ultrasonic observation apparatus
1 ends the process. In contrast, when an area of interest is not
set (“No” at step S4) and the instruction to end the process is
not input (“No” at step S6), the ultrasonic observation appa-
ratus 1 returns to step S4.

[0064] Here, the process (step S5) performed by the fre-
quency analyzer 41 will be explained in detail with reference
to the flowchart shown in FIG. 6. The frequency analyzer 41
first sets a sound ray number L of a sound ray as the first
analysis target to an initial value L, (step S21). The initial
value [, may be provided to a sound ray that the transceiver 3
receives for the first time, or to a sound ray corresponding to
a border position at one of the left and the right of the area of
interest set via the input unit 6.

[0065] The frequency analyzer 41 then calculates all fre-
quency spectra for a plurality of data positions set on one
sound ray. The frequency analyzer 41 first sets an initial value
7, for a data position Z (corresponding to a reception depth)
which represents a series of data group (FFT data group)
obtained for the FFT operation (step S22). FIG. 7 schemati-
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cally shows a data array of one sound ray. In the sound ray LD
shown in FIG. 7, a white or a black rectangle means one piece
of data. The sound ray LD is discretized by a time interval
corresponding to a sampling frequency (50 MHz, for
example) in the A/D conversion performed by the transceiver
3. FIG. 7 shows a case where first data piece in the sound ray
A/D is set to the initial value Z,, for the data position Z. Here,
FIG. 7 shows merely one example and a position of the initial
value Z, may be arbitrarily set. For example, data position 7
corresponding to an upper end position of the area of interest
may be set to the initial value Z,,.

[0066] After that, the frequency analyzer 41 obtains FFT
data group of the data position Z (step S23) and makes the
window function stored in the window function storage unit
84 work on the obtained FFT data group (step S24). By
making the window function work on the FFT data group, it
is possible to avoid a discontinuity of the FFT data group at a
border and prevent an occurrence of an artifact.

[0067] The frequency analyzer 41 then determines whether
or not the FFT data group of the data position 7 is a normal
data group (step S25). Here, it is necessary that the FFT data
group has data pieces whose number is a power of two. The
number of data pieces of the FFT data group will be expressed
as 2" (“n” being a positive integer) below. The description
“the FFT data group is normal” means that the data position 7
locates at a 2""'th position from the front in the FFT data
group. In other words, the description “the FFT data group is
normal” means that there is 2"' -1 (=N) pieces of data before
the data position Z and there is 2! (=M) pieces of data after
the data position Z. In the case shown in FIG. 7, while FFT
data groups F,, F5, and F | are normal, FFT data groups F,
and F,- are abnormal. In FIG. 7, the positive integer “n” is 4
(N=7, M=8).

[0068] As a result of the determination at step S25, when
the FFT data group of the data position Z is normal (“Yes” at
step S25), the frequency analyzer 41 moves to step S27,
which will be explained later.

[0069] As a result of the determination at step S25, when
the FFT data group of the data position Z is not normal (“No”
at step S25), the frequency analyzer 41 generates a normal
FFT data group by inserting zero for the deficiency (step
S26). The FFT data group determined not to be normal at step
S25 is worked on by the window function before the insertion
of zero. Therefore, no discontinuity of data occurs even by
inserting zero to the FFT data group. After step S26, the
frequency analyzer 41 moves to step S27, which will be
explained later.

[0070] At step S27, the frequency analyzer 41 obtains a
frequency spectrum by performing the FFT operation by
using the FFT data group (step S27).

[0071] The frequency analyzer 41 then adds a predeter-
mined data step width D to the data position Z and calculates
adataposition 7 of an FFT data group as a next analysis target
(step S28). While it is preferable that the data step width D
here is made to accord with the data step width used when the
B-mode image data generator 51 generates the B-mode image
data, a value larger than the data step width used by the
B-mode image data generator may be set if it is requested to
reduce an operation amount in the frequency analyzer 41.
FIG. 7 shows a case where the data step width D is 15.
[0072] After that, the frequency analyzer 41 determines
whether or not the data position Z is larger than a last data
positionZ, .. (step S29). Here, the last dataposition 7, ,. may
be configured to be a data length of the sound ray LD or to be
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a data position corresponding to a lower end of the area of
interest. When the data position Z is larger than the last data
position 7, as a result of the determination (“Yes” at step
S29), the frequency analyzer 41 increases the sound ray num-
ber L by one (step S30). On the other hand, when the data
position Z is not larger than the last data position Z,,,_ (“No”
at step S29), the frequency analyzer 41 returns to step S23. In
this manner, the frequency analyzer 41 performs the FFT
operation on FFT data groups whose numberis [{(Z,,, ~7,)/
D}+1] (=K) with respect to one sound ray LD. Here, an
integer [Xindicates a maximum integer not exceeding X.
[0073] When the sound ray number L after the increase at
step S30 is larger than a last sound ray number L, (“Yes” at
step S31), the frequency analyzer 41 returns to the main
routine shown in FIG. 2. On the other hand, when the sound
ray number L after the increase at step S30 is not more than
the last sound ray number L, . (“No” at step S31), the fre-
quency analyzer 41 returns to step S22.

[0074] In this manner, the frequency analyzer 41 performs
the FFT operation K times with respect to each of (L,,, . ~Lo+
1) sound rays. Here, the last sound ray number L, may be
provided to the last sound ray that the transceiver 3 receives,
or to a sound ray corresponding to a border at one of the left
and the right of the area of interest, for example. A total
number (L,,,.~Lo+1)xK of the FFT operations performed by
the frequency analyzer 41 with respect to all the sound rays
will be treated as “P” below.

[0075] After the frequency analyzing process at step S5
explained above, the frequency band setting unit 42 performs
a frequency band setting for each reception depth of ultra-
sonic waves with reference to the frequency band table Tb
stored in the frequency band information storage unit 82 (step
S7). Here, the process of the frequency band setting unit 42
may be performed in parallel with the process of the fre-
quency analyzer 41 or may be performed prior to the process
of the frequency analyzer 41.

[0076] FIGS. 8 to 11 schematically show frequency spectra
calculated by the frequency analyzer 41 and frequency bands
set by the frequency band setting unit 42 with respect to the
frequency spectra, respectively. FIGS. 8 to 11 show fourkinds
of frequency spectra and frequency bands with respect to a
subject having the same tissue property, each one of FIGS. 8
to 11 being different from the others in at least one of the
reception depth and the ultrasonic probe 2. In the figures,
spectrum curves C, and C, respectively shown in FIGS. 8 and
9 show frequency spectra in respectively different reception
depths when the same ultrasonic probe 2 is used. Here, the
reception depth corresponding to the spectrum curve C, is
smaller than the reception depth corresponding to the spec-
trum curve C,. Besides, spectrum curves C, and C,, respec-
tively shown in FIGS. 10 and 11 show frequency spectra in
respectively different reception depths when the same ultra-
sonic probe 2 which is, however, different from the ultrasonic
probe 2 used in obtaining the spectrum curves C, and C, is
used. Here, the reception depth corresponding to the spec-
trum curve C; is smaller than the reception depth correspond-
ing to the spectrum curve C,. Here, a curve and a straight line
as afrequency function are formed by an aggregate of discrete
dots in the first embodiment. In this respect, the same applies
to embodiments, which will be explained later.

[0077] The reception depth corresponding to the spectrum
curve C, and the reception depth corresponding to the spec-
trum curve C, are the same. Besides, the reception depth
corresponding to the spectrum curve C, and the reception
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depth corresponding to the spectrum curve C, are the same.
Frequency band is defined depending on the kind of the
ultrasonic probe 2. As explained above, the reception depth in
the case shown in FIGS. 9and 11 is larger than the case shown
in FIGS. 8 and 10. Therefore, a band width {5, o 0f @
frequency band in the case shown in FIGS. 9 and 11 is nar-
rower than the case shown in FIGS. 8 and 10.

[0078] The corrected frequency spectrum calculator 43
then reads out from the reference spectrum information stor-
age unit 83 and refers to a reference spectrum depending on
the reception depth and the kind of the ultrasonic probe 2, and
calculates a difference between the reference spectrum and
the frequency spectrum calculated by the frequency analyzer
41 to calculate a corrected frequency spectrum (step S8.)
FIGS. 12 to 15 schematically show outlines of corrected
frequency spectrum calculating processes for the spectrum
curves C, to C,, respectively. Curves B, to B, respectively
shown in FIGS. 12 to 15 show reference spectrum curves
depending on the reception depth and the kind of the ultra-
sonic probe 2. The corrected frequency spectrum calculator
43 calculates corrected frequency spectrum curves R, to R,
by taking absolute values of differences between the refer-
ence spectrum curves B, to B, and the frequency spectrum
curves C, to C,, respectively. Straight lines L, to [, respec-
tively shown in FIGS. 12 to 15 will be explained in a feature
data extracting process, which will be explained later.

[0079] After step S8, the approximating unit 441 extracts
before-correction feature data via the regression analysis on
the frequency spectra whose number is P calculated by the
frequency analyzer 41 as an approximating process (step S9).
Specifically, the approximating unit 441 extracts, by calcu-
lating a primary expression that approximates a frequency
spectrum of a frequency band {; , <f<f<f,,;; via the regres-
sion analysis, the slope a,, the intercept b, and the intensity
¢, which define the primary expression as before-correction
feature data. Straight lines L, to L, respectively shown in
FIGS. 12 to 15 are regression lines obtained by performing
the regression analysis on the frequency spectrum curves C,
to C,, respectively at step S9. In the first embodiment, the
setting of frequency band and the calculation of corrected
frequency spectrum are performed prior to the extraction of
feature data. Therefore, the straight lines I, to L, are just the
same straight lines. In other words, feature data having the
same value is extracted irrespective of the reception depth and
the kind of the ultrasonic probe 2 according to the first
embodiment.

[0080] After this, the attenuation corrector 442 performs
the attenuation correcting process on the before-correction
feature dada extracted by the approximating unit 441 (step
S10). In a case where a data sampling frequency is 50 MHz,
for example, a time interval of the data sampling is 20 (nsec).
Here, assuming that a sound velocity is 1530 (m/sec), an
interval in distance of the data sampling is “1530 (m/sec)x20
(nsec)/2=0.0153 (mm)”. Assuming that the number of data
steps from the first data piece in the sound ray LD to a data
position in an FFT data group as a processing target is k, the
data position Z becomes 0.0153 k (mm). The attenuation
corrector 442 calculates the slop a, the intercept b, and the
intensity ¢, which are the feature data of the frequency spec-
trum, by substituting the value for the data position Z obtained
in this manner in the reception depth zin expressions (2) to (4)
explained above. FIG. 16 shows a straight line defined based
on the feature data obtained after performing the attenuation
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correction on feature data related to the straight line L, shown
in FIG. 12. An expression for aline L' shown in FIG. 16 is as
follows.

T=af+b=(ag+202)f+b, ©)

[0081] As evidenced by expression (5), the straight line L'
has a slop whose inclination is large and has the same value in
intercept, compared to the straight line L, .

[0082] After this, the tissue property determining unit 45
determines a tissue property in the area of interest of the
subject based on the feature data extracted by the feature data
extracting unit 44 and the known subject information stored
in the known subject information storage unit 81 (step S11).
[0083] Here, the process (step S11) performed by the tissue
property determining unit 45 will be explained in detail with
reference to the flowchart shown in FIG. 17. The tissue prop-
erty determining unit 45 first sets a feature data space used in
determining a tissue property (step S41). In the first embodi-
ment, independent parameters are two in the feature data of
the three kinds, i.e., the slope a, the intercept b, and the
intensity c. Therefore, it is possible to set a two-dimensional
space whose components are given two kinds among the three
kinds of the feature data as the feature data space. It is also
possible to set one-dimensional space whose component is
one kind among the three kinds of the feature data as the
feature data space. While the feature data space to set is
assumed to be determined in advance at step S41, a desired
feature data space may be selected by the operator via the
input unit 6.

[0084] FIG. 18 shows an example of the feature data space
set by the tissue property determining unit 45. In the feature
data space shown in FIG. 18, the horizontal axis indicates the
intercept b and the vertical axis indicates the intensity ¢. A dot
Sp shown in FIG. 18 indicates a point having, as a coordinate
in the feature data space, the intercept b and the intensity ¢
which are calculated with respect to the subject as a determi-
nation target (hereinafter referred to as “subject point”).
Besides, areas G, G,, and G, shown in FIG. 18 indicate that
respective tissue properties of the known subjects stored in
the known subject information storage unit 81 are i, v, and p,
respectively. In the case shown in FIG. 18, the three groups
G,, G,, and G, are present in respective areas each of which
is isolated from other groups in the feature data space.
[0085] Since the classification and the determination of
tissue properties also in obtaining feature data of a known
subject are performed by using, as an indicator, feature data
obtained via the attenuation correction on before-correction
feature data of frequency spectrum obtained by the frequency
analysis in the first embodiment, it is possible to clearly
distinguish tissue properties which differ from each other.
Especially, since feature data on which the attenuation cor-
rection is performed is used in the first embodiment, it is
possible to obtain an area of each group in the feature data
space in a condition where groups are separated more clearly,
compared to the case of using feature data extracted without
performing the attenuation correction.

[0086] After step S41, the tissue property determining unit
45 calculates distances d,, d,, and d, on the feature data
space, between the subject point Sp and respective points L,
vy, and p, each of which has, as a coordinate in the feature
data space, an average of intercepts b and an average of
intensities ¢ of frequency spectra in FFT data groups included
in each of the groups G, G, and G,,, the points being here-
inafter referred to as “known subject average point” (step
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S42). Here, when b-axis component and c-axis component in
the feature data space differ significantly in scale, it is pref-
erable to arbitrarily perform a weighting so that contributions
of respective distances become nearly uniform.

[0087] The tissue property determining unit 45 then deter-
mines a tissue property of all the subject points including the
subject point Sp based on the distances calculated at step S42
(step S43). For example, since the distance d, is the smallest
in the case shown in FIG. 18, the tissue property determining
unit 45 determines that the tissue property of the subject
should be p1. When the subject point Sp is separated away
from the known subject average points p,, v,, and pg
extremely, a degree of reliability for the determination result
on the tissue property is low even if the smallest value among
the distances d . d,,, and d,, is obtained. So, when the distances

d,d,andd, a};e larger than a predetermined threshold value,

the tissue property determining unit 45 may output an error
signal. Besides, when there arise two or more smallest values
among the distances d,, d,, and d,, the tissue property deter-
mining unit 45 may select all tissue properties corresponding
to the smallest values each as a candidate or select any one of
the tissue properties in accordance with a predetermined rule.
In the latter situation, a method of placing a high priority ona
tissue property whose degree of malignancy is high like a
cancer can be listed. Besides, when there arise two or more
smallest values among the distances d,,, d, and d,, the tissue
property determining unit 45 may output an error signal.
[0088] After this, the tissue property determining unit 45
outputs the result of the distance calculation at step S42 and
the result of the determination at step S43 (step S44). Thus,
the tissue property determining process at step S11 is ended.
[0089] After step S11 explained above, the determination
result displaying image data generator 52 generates determi-
nation result displaying image data by using the B-mode
image data generated by the B-mode image data generator51,
the feature data calculated by the feature data extracting unit
44, and the determination result determined by the tissue
property determining unit 45 (step S12).

[0090] The display unit 7 then displays the determination
result displaying image generated by the determination result
displaying image data generator 52 (step S13). FIG. 19 shows
an example of displaying a determination result displaying
image displayed in the display unit 7. A determination result
displaying image 200 shown in FIG. 19 includes an informa-
tion displaying part 201 that displays related information of
various kinds including the determination result on the tissue
property and an image displaying part 202 that displays a
tissue property emphasized image in which the tissue prop-
erty is emphasized based on the B-mode image.

[0091] In the information displaying part 201, identifying
information (ID number, name, sex, and the like) of the sub-
ject for example, the tissue property determination result
obtained by the tissue property determining unit 45, informa-
tion concerning the feature data in performing the tissue
property determination, and information of ultrasonic image
quality such as a gain and a contrast are displayed. Here, for
the information concerning the feature data, it is possible to
make a display utilizing an average and a standard deviation
of feature data of frequency spectra of FFT data groups, the
number of which is Q, present in an inside of the area of
interest.

[0092] Specifically, itispossible to display “Slope=1.5£0.3
(dB/MHz), Intercept=—-60+2 (dB), and Intensity=—50%1.5
(dB)”, for example in the information displaying part 201.
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[0093] A tissue property emphasized image 300 displayed
in the image displaying part 202 is a gray-scale image in
which the intercept b is uniformly allotted to R (red), G
(green), and B (blue) with respect to the B-mode image 100
shown in FIG. 5.

[0094] Due to the display of the determination result dis-
playing image 200 having the configuration explained above
by the display unit 7, it becomes possible for the operator to
grasp the tissue property in the area of interest more accu-
rately. Here, the determination result displaying image is not
limited to the configuration explained above. For example,
the tissue property emphasized image and the B-mode image
may be displayed side by side for the determination result
displaying image. Thus, it is possible to recognize the differ-
ence between the two images on one frame.

[0095] FIG. 20 is an explanatory view of a result of the
attenuation correcting process performed by the ultrasonic
observation apparatus 1. An image 400 shown in FIG. 20 is a
tissue property emphasized image in the case where the
attenuation correction is not performed. In the tissue property
emphasized image 400, a signal intensity becomes lowered
due to an influence of the attenuation in an area whose recep-
tion depth is large (downward area in FIG. 20) and an image
becomes dark. In contrast, it is apparent that an image whose
brightness is uniform over the entirety of the frame is
obtained in the tissue property emphasized image 300 on
which the attenuation correction is performed.

[0096] Thetissue property emphasized image 300 shown in
FIGS. 19 and 20 is just one example. In addition, it is possible
to display the tissue property emphasized image in a color
image by allotting the slope a, the intercept b, and the inten-
sity ¢ respectively to R (red), G (green), and B (blue), for
example. In this case, since a tissue property is expressed by
a specific color, it is possible for the operator to grasp the
tissue property in the area of interest based on the color
distribution of the image. Besides, instead of constituting a
color space in the RGB color system, a color space may be
constituted by variables for complementary colors such as
cyan, magenta, and yellow and feature data may be allotted to
respective variables. Besides, tissue property emphasized
image data may be generated by mixing, by a predetermined
ratio, the B-mode image data and color image data. Besides,
tissue property emphasized image data may be generated by
making only the area of interest replaced with color image
data.

[0097] According to the first embodiment explained so far,
it is possible to clearly determine the difference in tissues
without using an amount of strain and a modulus of elasticity
of biological tissues since a frequency spectrum is calculated
by analyzing a frequency of received ultrasonic waves, a
frequency band used in approximating the frequency spec-
trum 1s set, the frequency spectrum is corrected based on a
reference spectrum read out from the storage unit that stores
the reference spectrum obtained based on a frequency of
ultrasonic waves received from the reference reflector,
before-correction feature data is extracted by performing the
approximating process on the corrected frequency spectrum,
and then feature data of the subject is extracted by performing
the attenuation correcting process in which the contribution
of ultrasonic attenuation which depends on the reception
depth and the frequency of ultrasonic waves is reduced.
Hence, it is possible to enable distinguishing a tissue property
accurately and to enhance the reliability for the observation
result.
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[0098] According to the first embodiment, it is possible to
remove an influence of the attenuation associated with the
transmission of ultrasonic waves and to perform a tissue
property determination with higher accuracy since the attenu-
ation correction is performed on the extracted feature data.
[0099] According to the first embodiment, it is possible to
remove an influence of the attenuation associated with the
transmission of ultrasonic waves and to perform a tissue
property determination with even higher accuracy since the
frequency band is determined so that the band width becomes
narrower and the maximum frequency becomes smaller as the
reception depth is larger.

Second Embodiment

[0100] A second embodiment of the present invention dif-
fers from the first embodiment in the feature data extracting
process performed by the feature data extracting unit. A con-
figuration of an ultrasonic observation apparatus according to
the second embodiment is the same as that of the ultrasonic
observation apparatus 1 explained in the first embodiment.
Therefore, an identical component corresponding to a com-
ponent of the ultrasonic observation apparatus 1 will be
assigned with the same reference symbol in the explanation
below.

[0101] Ina feature data extracting process according to the
second embodiment, the attenuation corrector 442 first per-
forms the attenuation correcting process on the corrected
frequency spectrum calculated by the corrected frequency
spectrum calculator 43. After that, the approximating unit 441
extracts feature data of the frequency spectrum by performing
the approximating process on the corrected frequency spec-
trum on which the attenuation correction is performed by the
attenuation corrector 442.

[0102] FIG. 21 is a flowchart of an outline of an attenuation
correcting process performed by the ultrasonic observation
apparatus according to the second embodiment. In FIG. 21,
processes of steps S51 to S58 sequentially correspond to
processes of steps S1 to S8 in FIG. 4.

[0103] At step S59, the attenuation corrector 442 performs
the atteruation correction on the corrected frequency spec-
trum calculated by the corrected frequency spectrum calcu-
lator 43 (step S59). FIG. 22 schematically shows an outline of
the process at step S59. As shown in FIG. 22, the attenuation
corrector 442 obtains a new frequency spectrum curve R, by
performing, with respect to a corrected frequency spectrum
curve Rs, a correction in which an attenuation amount A in
expression (1) explained above is added to the intensity T on
all the frequencies f. Thus, it is possible to obtain a frequency
spectrum in which the contribution of the attenuation associ-
ated with the transmission of ultrasonic waves is reduced.
[0104] After this, the approximating unit 441 extracts fea-
ture data of frequency spectrum via the regression analysis on
all the frequency spectra on which the attenuation correction
is performed by the attenuation corrector 442 (step S60).
Specifically, the approximating unit 441 calculates the slope
a, the intercept b, and the intensity ¢ in the middle frequency
f, . of the primary expression via the regression analysis. A
straight line L5' shown in FIG. 22 is a regression line (inter-
cept bs) obtained by performing the feature data extracting
process on the corrected frequency spectrum curve R, at step
S60.

[0105] Processes of steps S61 to S63 sequentially corre-
spond to the processes of steps S11 to S13 in FIG. 4.
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[0106] According to the second embodiment of the present
invention explained so far, it is possible to clearly determine
the difference in tissues without using an amount of strain and
amodulus of elasticity of biological tissues since a frequency
spectrum is calculated by analyzing a frequency of received
ultrasonic waves, a frequency band used in approximating the
frequency spectrum is set, the frequency spectrum is cor-
rected based on a reference spectrum read out from the stor-
age unit that stores the reference spectrum obtained based on
a frequency of ultrasonic waves received from the reference
reflector, the attenuation correcting process in which the con-
tribution of ultrasonic attenuation which depends on the
reception depth and the frequency of ultrasonic waves is
reduced is performed on the corrected frequency spectrum,
and then feature data of the subject is extracted by performing
the approximating process. Hence, it is possible to enable
distinguishing a tissue property accurately and to enhance the
reliability for the observation result.

[0107] According to the second embodiment, it is possible
to remove an influence of the attenuation associated with the
transmission of ultrasonic waves and to perform a tissue
property determination with higher accuracy since the attenu-
ation correction is performed on the corrected frequency
spectrum.

[0108] According to the second embodiment, it is possible
to remove an influence of the attenuation associated with the
transmission of ultrasonic waves and to perform a tissue
property determination with even higher accuracy since the
frequency band is determined so that the band width becomes
narrower and the maximum frequency becomes smaller as the
reception depth is larger.

Third Embodiment

[0109] A third embodiment of the present invention differs
from the first embodiment in the tissue property determining
process by the tissue property determining unit. A configura-
tion of an ultrasonic observation apparatus according to the
third embodiment is the same as that of the ultrasonic obser-
vation apparatus 1 explained in the first embodiment. There-
fore, an identical component corresponding to a component
of the ultrasonic observation apparatus 1 will be assigned
with the same reference symbol in the explanation below.
[0110] The tissue property determining unit 45, after mak-
ing up new populations by adding feature data (a, b, ¢) to each
of the groups G, G, and G, (see F1G. 18) respectively for the
tissue properties L, v, and p, obtains a standard deviation for
each kind, constituting each tissue property, of the feature
data.

[0111] After that, the tissue property determining unit 45
calculates a difference (hereinafter referred to simply as “dif-
ference in standard deviation”) between a standard deviation
of each kind of the feature data of the groups G, G, and G,
in original populations constituted only by known subjects
and a standard deviation of each kind of the feature data of the
groups G, G,, and G, in the new populations in which the
new subject is added each, and determines that a tissue prop-
erty corresponding to a group including feature data whose
difference in standard deviation is the smallest should be the
tissue property of the subject.

[0112] Here, the tissue property determining unit 45 may
calculate the difference in standard deviation only with
respect to the difference in standard deviation of given pieces
of feature data selected in advance among plural pieces of
feature data. The selection of the feature data in this case may

Feb. 7,2013

be arbitrarily performed by the operator or may be automati-
cally performed by the ultrasonic observation apparatus 1.

[0113] Besides, the tissue property determining unit 45
may calculate a value in which a weight is arbitrarily added to
the difference in standard deviation of all the feature data in
each group and determine that a tissue property correspond-
ing to a group the calculated value of which is the smallest
should be the tissue property of the subject. In this case, when
the feature data is “slope a, intercept b, and intensity ¢”, for
example, the tissue property determining unit 45 performs, by
setting weights for the slop a, the intercept b, and the intensity
¢, respectively to w_, w, and w_, a calculation of w-(differ-
ence in standard deviation of a)+w,-(difference in standard
deviation of b)+w -(difference in standard deviation of¢), and
determines the tissue property of the subject based on the
calculated value. Here, the values for the weights w,, w, and
w, may be arbitrarily set by the operator or may be automati-
cally set by the ultrasonic observation apparatus 1.

[0114] Besides, the tissue property determining unit 45
may calculate the square root of a value in which a weight is
arbitrarily added to the square of the difference in standard
deviation of all the feature data for each group, and determine
thatatissue property corresponding toa group the square root
of which is the smallest should be the tissue property of the
subject. In this case, when the feature data is “slop a, intercept
b, and intensity ¢”, for example, the tissue property determin-
ing unit 45 performs, by setting weights for the slop a, the
intercept b, and the intensity ¢, respectively to w',, w', and
w'_, a calculation of {w’ -(difference in standard deviation of
a)*+w',-(difference in standard deviation of b)** w' -(differ-
ence in standard deviation of ¢)*}"?, and makes the tissue
property determination based on the calculated value. Here in
this case, too, the values for the weights w'_, w', and w'_ may
be arbitrarily set by the operator or may be automatically set
by the ultrasonic observation apparatus 1.

[0115] According to the third embodiment of the present
invention explained so far, it is possible to enable distinguish-
ing a tissue property accurately, to enhance the reliability for
the observation result, and to perform a tissue property deter-
mination with higher accuracy by removing an influence of
the attenuation associated with the transmission of ultrasonic
waves, similarly to the first embodiment explained above.

[0116] While the tissue property determining unit 45 deter-
mines the tissue property based on the change in standard
deviation of each kind of feature data between an original
population and another population in which a new subject is
added in the third embodiment, this configuration is just one
example. The tissue property determining unit 45 may deter-
mine the tissue property based on a change in average of each
kind of the feature data between the original population and
another population in which a new subject is added, for
example.

[0117] While the embodiments of the present invention are
explained so far, the present invention is not limited only to
the first to the third embodiments explained above. In other
words, the present invention may cover various embodiments
within a scope not departing from the technical ideas as
defined by the appended claims.

[0118] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
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departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

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

a reference spectrum storage unit that stores a first refer-
ence spectrum in a first reception depth range and a
second reference spectrum in a second reception depth
range obtained based on a frequency of an ultrasonic
wave received from a reference reflector;

a frequency analyzer that calculates a frequency spectrum
by analyzing a frequency of the received ultrasonic
wave; and

acorrected frequency spectrum calculator that calculates a
corrected frequency spectrum by determining whether a
reception depth of the frequency spectrum calculated by
the frequency analyzer is the first reception depth range
or the second reception depth range, and obtaining a
difference, in a case of the first reception depth range,
between the first reference spectrum and the frequency
spectrum and a difference, in a case of the second recep-
tion depth range, between the second reference spec-
trum and the frequency spectrum.

2. The ultrasonic observation apparatus according to claim

1, comprising

a feature data extracting unit that extracts feature data of
the subject by performing, on the corrected frequency
spectrum calculated by the corrected frequency spec-
trum calculator, an approximating process and an
attenuation correcting process in which a contribution of
an attenuation which arises in a transmission of an ultra-
sonic wave depending on a reception depth and a fre-
quency of the ultrasonic wave is reduced.

3. The ultrasonic observation apparatus according to claim

2, wherein the feature data extracting unit includes:

an approximating unit that extracts before-correction fea-
ture data before the attenuation correcting process is
performed by performing the approximating process on
the frequency spectrum calculated by the frequency ana-
lyzer; and

an attenuation corrector that extracts the feature data of the
frequency spectrum by performing the attenuation cor-
recting process on the before-correction feature data
extracted by the approximating unit.

4. The ultrasonic observation apparatus according to claim

2, wherein the feature data extracting unit includes:

an attenuation corrector that performs the attenuation cor-
recting process on the frequency spectrum; and

an approximating unit that extracts the feature data of the
frequency spectrum by performing the attenuation cor-
recting process on the frequency spectrum corrected by
the attenuation corrector.

5. The ultrasonic observation apparatus according to claim

3, wherein the attenuation corrector performs a larger correc-
tion as a reception depth of the ultrasonic wave is larger.

6. The ultrasonic observation apparatus according to claim
3, wherein the approximating unit approximates the fre-
quency spectrum by a polynomial expression via a regression
analysis.

7. The ultrasonic observation apparatus according to claim
6, wherein the approximating unit approximates the fre-
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quency spectrum by a primary expression and extracts plural
kinds of feature data including at least two of a slope of the
primary expression, an intercept of the primary expression,
and an intensity which is defined by using the slope, the
intercept, and a specific frequency included in a frequency
range of the frequency spectrum.

8. The ultrasonic observation apparatus according to claim
2, further comprising:

a storage unit that stores, by associating with tissue prop-
erties of a plurality of known subjects, feature data of
frequency spectra extracted based on ultrasonic waves
reflected by the plurality of respective known subjects;
and

a tissue property determining unit that determines a tissue
property in a predetermined area of the subject by using
the feature data stored by being associated with the
plurality of known subjects by the storage unit and the
feature data extracted by the feature data extracting unit.

9. The ultrasonic observation apparatus according to claim
8, wherein

the storage unit stores an average of each kind of feature
data in groups classified for each tissue property of the
plurality of known subjects, and

the tissue property determining unit sets a feature data
space whose component is at least one of the plural kinds
of feature data, and determines the tissue property of the
subject based on a distance, on the feature data space,
between a subject point having, as a coordinate in the
feature data space, the feature data which is the compo-
nent of the feature data space among the feature data of
the frequency spectrum of the subject and a known sub-
ject average point having, as a coordinate in the feature
data space, an average of the feature data which is the
component of the feature data space among respective
kinds of the feature data in the groups of the plurality of
known subjects.

10. The ultrasonic observation apparatus according to
claim 8, wherein the tissue property determining unit calcu-
lates a standard deviation of feature data in populations,
which are formed by adding the feature data of the subject in
groups classified for each tissue property of the plurality of
known subjects, and determines that a tissue property corre-
sponding to a group having feature data whose difference
between the standard deviation and a standard deviation of
feature data in the groups is smallest should be the tissue
property of the subject.

11. The ultrasonic observation apparatus according to
claim 1, comprising

a display unit that generates visual information corre-

sponding to feature data of the subject and displays
image generated based on the generated visual informa-
tion and the received ultrasonic wave.

12. The ultrasonic observation apparatus according to
claim 11, wherein the visual information is a variable consti-
tuting a color space.

13. The ultrasonic observation apparatus according to
claim 3, wherein the attenuvation corrector performs the
attenuation correcting process by using a predetermined
attenuation rate which is determined depending on the sub-
ject.

14. The ultrasonic observation apparatus according to
claim 13, wherein the attenuation corrector further includes
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an attenuation rate setting unit that sets the predetermined
attenuation rate which is determined depending on the sub-
ject.

15. An operation method of an ultrasonic observation appa-
ratus that transmits an ultrasonic wave to a subject and
receives an ultrasonic wave reflected by the subject, the
operation method comprising:

calculating a frequency spectrum by a frequency analyzer
by analyzing a frequency of a received ultrasonic wave;

storing a first reference spectrum in a first reception depth
range and a second reference spectrum in a second
reception depth range obtained based on a frequency of
an ultrasonic wave received from a reference reflector;
and

calculating a corrected frequency spectrum by determining
whether a reception depth of the frequency spectrum
calculated at the calculating is the first reception depth
range or the second reception depth range and by obtain-
ing a difference, in a case of the first reception depth
range, between the first reference spectrum and the fre-
quency spectrum and a difference, in a case of the second
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reception depth range, between the second reference
spectrum and the frequency spectrum.
16. A non-transitory computer readable recording medium
with an executable program stored thereon, wherein the pro-
gram instructs a processor to execute:
calculating a frequency spectrum by a frequency analyzer
by analyzing a frequency of a received ultrasonic wave;

storing a first reference spectrum in a first reception depth
range and a second reference spectrum in a second
reception depth range obtained based on a frequency of
an ultrasonic wave received from a reference reflector;
and

calculating a corrected frequency spectrum by determining

whether a reception depth of the frequency spectrum
calculated at the calculating is the first reception depth
range or the second reception depth range and by obtain-
ing a difference, in a case of the first reception depth
range, between the first reference spectrum and the fre-
quency spectrum and a difference, in acase of the second
reception depth range, between the second reference
spectrum and the frequency spectrum.

* ok %k
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