US 20130096429A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0096429 A1

NOGUCHI

43) Pub. Date: Apr. 18, 2013

(54)

(75)

(73)

@1
(22)

(30)

Nov. 11, 2010

(1)

ULTRASONIC DIAGNOSIS APPARATUS,

OPERATION METHOD OF THE SAME, AND

COMPUTER READABLE RECORDING

MEDIUM
Inventor:

Assignee:

Hiromasa NOGUCHI, Tokyo (JP)

OLYMPUS MEDICAL SYSTEMS

CORP.,, Tokyo (JP)

Appl. No.: 13/562,797

Filed:

Jul. 31, 2012

Foreign Application Priority Data

(P)

Publication Classification

2010-253287

(52) U.S.CL
CPC oo AGIB 8/5223 (2013.01); A61B 8/08
(2013.01); A61B 8/5207 (2013.01); A61B
8/463 (2013.01); A6IB 8/14 (2013.01)
101 600/438

(57) ABSTRACT

An ultrasonic diagnosis apparatus includes: a frequency ana-
lyzing unit that calculates a frequency spectrum of a received
ultrasonic wave; a frequency band setting unit that sets at least
an upper limit frequency for use in approximating the calcu-
lated frequency spectrum to a predetermined frequency
according to a receiving depth of an ultrasonic wave; a feature
data extracting unit that extracts feature data of the frequency
spectrum by approximating a frequency spectrum of the fre-
quency band; a storage unit that stores feature data of a
frequency spectrum extracted based on ultrasonic waves
reflected off known specimens in association with tissue char-
acteristics of the known specimens; and a tissue characteristic
determining unit that determines a tissue characteristic in a

Int. Cl. predetermined area in the specimen using feature data stored
A61B 8/08 (2006.01) in the storage unit in association with tissue characteristics of
AG6IB 8/14 (2006.01) the known specimens and the feature data extracted at the
AG6IB 8/00 (2006.01) feature data extracting unit.
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ULTRASONIC DIAGNOSIS APPARATUS,
OPERATION METHOD OF THE SAME, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2011/076028 filed on Nov.
11, 2011 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Applications No.2010-253287, filed on
Nov. 11, 2010, incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic diag-
nosis apparatus, an operation method of an ultrasonic diag-
nosis apparatus, and an operation program of an ultrasonic
diagnosis apparatus that determine the tissue characteristic of
a specimen using ultrasonic waves.

[0004] 2. Description of the Related Art

[0005] Heretofore, a technique called ultrasonic elastogra-
phy is known as an examination technique for breast cancer or
the like using ultrasonic waves (see International Publication
No. W0/2005/122906, for example). The ultrasonic elastog-
raphy is a technique using the fact that the hardness of cancer
or tumor tissue in a living body is varied depending on the
advancement of illness or living bodies. In this technique, in
a state in which an examination location is externally pressed,
ultrasonic waves are used to measure the strain value or the
modulus of elasticity of human tissue at the examination
location, and this measured result is displayed as a tomogram.

SUMMARY OF THE INVENTION

[0006] An ultrasonic diagnosis apparatus according to the
present invention transmits an ultrasonic wave to a specimen
and receives an ultrasonic wave reflected off the specimen for
determining a tissue characteristic of the specimen based on a
received ultrasonic wave, the ultrasonic diagnosis apparatus
including: a frequency analyzing unit configured to calculate
a frequency spectrum by analyzing a frequency of a received
ultrasonic wave; a frequency band setting unit configured to
set at least an upper limit frequency of a frequency band for
use in approximating the frequency spectrum calculated at
the frequency analyzing unit to a predetermined frequency
according to a receiving depth of an ultrasonic wave; a feature
data extracting unit configured to extract feature data of the
frequency spectrum by approximating a frequency spectrum
ofthe frequency band set at the frequency band setting unit; a
storage unit configured to store feature data of a frequency
spectrum extracted based on ultrasonic waves reflected off a
plurality of known specimens in association with tissue char-
acteristics of the plurality of known specimens; and a tissue
characteristic determining unit configured to determine a tis-
sue characteristic in a predetermined area in the specimen
using feature data stored in the storage unit in association with
tissue characteristics of the plurality of known specimens and
the feature data extracted at the feature data extracting unit.

[0007] An operation method of an ultrasonic diagnosis
apparatus according to the present invention transmits an
ultrasonic wave to a specimen and receives an ultrasonic wave
reflected off the specimen for determining a tissue character-

Apr. 18, 2013

istic of the specimen based on a received ultrasonic wave, the
operation method including: calculating a frequency spec-
trum at a frequency analyzing unit by analyzing a frequency
of a received ultrasonic wave; setting at least an upper limit
frequency of a frequency band for use in approximating the
calculated frequency spectrum to a predetermined frequency
according to a receiving depth of an ultrasonic wave; extract-
ing feature data of the frequency spectrum at a feature data
extracting unit by approximating a frequency spectrum of the
set frequency band; and determining a tissue characteristic in
apredetermined area in the specimen at a tissue characteristic
determining unit using feature data read out of a storage unit
storing feature data of a frequency spectrum extracted based
on ultrasonic waves reflected off a plurality of known speci-
mens in association with tissue characteristics of the plurality
of known specimens and the feature data extracted at the
feature data extracting unit.

[0008] A non-transitory computer readable recording
medium according to the present invention has an executable
program recorded thereon, wherein the program instructs a
processor to perform: calculating a frequency spectrum at a
frequency analyzing unit by analyzing a frequency of a
received ultrasonic wave; setting at least an upper limit fre-
quency of a frequency band for use in approximating the
calculated frequency spectrum to a predetermined frequency
according to a receiving depth of an ultrasonic wave; extract-
ing feature data of the frequency spectrum at a feature data
extracting unit by approximating a frequency spectrum of the
set frequency band; and determining a tissue characteristic in
apredetermined area in the specimen at a tissue characteristic
determining unit using feature data read out of a storage unit
storing feature data of a frequency spectrum extracted based
on ultrasonic waves reflected off a plurality of known speci-
mens in association with tissue characteristics of the plurality
of known specimens and the feature data extracted at the
feature data extracting unit.

[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.1is ablock diagram of the configuration of an
ultrasonic diagnosis apparatus according to a first embodi-
ment of the present invention;

[0011] FIG. 2 is a schematic diagram of an exemplary fre-
quency band table stored in the ultrasonic diagnosis apparatus
according to the first embodiment of the present invention;
[0012] FIG. 3 is a flowchart of the outline of a process
performed by the ultrasonic diagnosis apparatus according to
the first embodiment of the present invention;

[0013] FIG. 4 is a diagram of an exemplary display of a B
mode image on a display unit of the ultrasonic diagnosis
apparatus according to the first embodiment of the present
invention;

[0014] FIG. 5 is a flowchart of the outline of a process
performed by a frequency analyzing unit of the ultrasonic
diagnosis apparatus according to the first embodiment of the
present invention;

[0015] FIG. 6 is a schematic diagram of a data array of a
single sound ray;
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[0016] FIG.7isadiagram of an exemplary frequency spec-
trum (a first example) calculated at the frequency analyzing
unit of the ultrasonic diagnosis apparatus according to the
first embodiment of the present invention;

[0017] FIG. 8isadiagram of an exemplary frequency spec-
trum (a second example) calculated at the frequency analyz-
ing unit of the ultrasonic diagnosis apparatus according to the
first embodiment of the present invention;

[0018] FIG.9isadiagram of an exemplary frequency spec-
trum (a third example) calculated at the frequency analyzing
unit of the ultrasonic diagnosis apparatus according to the
first embodiment of the present invention;

[0019] FIG. 10 is a flowchart of the outline of a process
performed by a tissue characteristic determining unit of the
ultrasonic diagnosis apparatus according to the first embodi-
ment of the present invention;

[0020] FIG. 11 is a diagram of an exemplary feature data
space set by the tissue characteristic determining unit of the
ultrasonic diagnosis apparatus according to the first embodi-
ment of the present invention;

[0021] FIG. 12 is a diagram of an exemplary display of a
determined result display image displayed on the display unit
of the ultrasonic diagnosis apparatus according to the first
embodiment of the present invention;

[0022] FIG. 13 is a diagram of another exemplary display
of a determined result display image displayed on the display
unit of the ultrasonic diagnosis apparatus according to the
first embodiment of the present invention; and

[0023] FIG. 14 is a diagram of the outline of a process for
determining a tissue characteristic performed at a tissue char-
acteristic determining unit of an ultrasonic diagnosis appara-
tus according to a fourth embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Inthe following, modes for carrying out the present
invention (in the following, referred to as “embodiments™)
will be described with reference to the accompanying draw-
ings.

First Embodiment

[0025] FIG. 1 is a block diagram of the configuration of an
ultrasonic diagnosis apparatus according to a first embodi-
ment of the present invention. An ultrasonic diagnosis appa-
ratus 1 illustrated in FIG. 1 is an apparatus that determines the
tissue characteristic of a specimen, which is a diagnosis sub-
ject, using ultrasonic waves.

[0026] The ultrasonic diagnosis apparatus 1 includes an
ultrasonic probe 2 that externally outputs ultrasonic pulses
and receives externally reflected ultrasonic echoes, a trans-
mitting and receiving unit 3 that transmits and receives elec-
tric signals with the ultrasonic probe 2, an operating unit 4
that applies a predetermined arithnietic operation to electrical
echo signals converted from ultrasonic echoes, an image pro-
cessing unit 5 that generates image data corresponding to the
electrical echo signals converted from the ultrasonic echoes,
an input unit 6 implemented using an interface such as a
keyboard, a mouse, and a touch panel to accept inputs of
various items of information, a display unit 7 implemented
using a display panel formed of liquid crystals or an organic
electroluminescence to display various items of information
including images created at the image processing unit 5, a
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storage unit 8 that stores various items of information includ-
ing information about the tissue characteristics of known
specimens, and a control unit 9 that controls the operation of
the ultrasonic diagnosis apparatus 1.

[0027] The ultrasonic probe 2 includes a signal converter
21 that converts electrical pulse signals received from the
transmitting and receiving unit 3 into ultrasonic pulses (sound
pulse signals) and converts ultrasonic echoes reflected off an
external specimen into electrical echo signals. The ultrasonic
probe 2 may be a device that mechanically scans an ultrasonic
oscillator, or may be a device that electronically scans a
plurality of ultrasonic oscillators.

[0028] The transmitting and receiving unit 3 is electrically
connected to the ultrasonic probe 2 to send pulse signals to the
ultrasonic probe 2 and to receive echo signals from the ultra-
sonic probe 2. More specifically, the transmitting and receiv-
ing unit 3 generates pulse signals based on preset waveforms
and transmitting timing, and sends the generated pulse signals
to the ultrasonic probe 2. Moreover, the transmitting and
receiving unit 3 applies processing such as amplifying and
filtering to the received echo signals, and then subjects the
echo signals to A/D conversion to generate and output digital
RF signals. Incidentally, in the case where the ultrasonic
probe 2 is a device that electronically scans a plurality of
ultrasonic oscillators, the transmitting and receiving unit 3
includes a multichannel circuit for combining beams corre-
sponding to the plurality of ultrasonic oscillators.

[0029] The operating unit 4 includes a frequency analyzing
unit 41 that applies fast Fourier transform (FFT) to the digital
RF signals outputted from the transmitting and receiving unit
3 for analyzing the frequency of the echo signals, a frequency
band setting unit 42 that sets a frequency band for use in
approximating a frequency spectrum (a power spectrum) cal-
culated at the frequency analyzing unit 41, a feature data
extracting unit 43 that approximates the frequency spectrum
of the frequency band set by the frequency band setting unit
42 for extracting the feature data of the frequency spectrum,
and a tissue characteristic determining unit 44 that determines
a tissue characteristic in a predetermined area in a specimen
using the feature data extracted at the feature data extracting
unit 43.

[0030] The frequency analyzing unit 41 applies fast Fourier
transform to an FFT data group formed of a predetermined
data volume with respect to sound rays (line data) for calcu-
lating a frequency spectrum. The frequency spectrum shows
different tendencies depending on the tissue characteristic of
a specimen. This is because the frequency spectrum has the
correlation with the size, density, acoustic impedance, or the
like of a specimen as a scatterer that scatters ultrasonic waves.
[0031] The frequency band setting unit 42 reads and makes
reference to a frequency band table (described later) stored in
the storage unit 8 out of the storage unit 8 for setting a
frequency band. The reason why the setting of the frequency
band is changed for every receiving depth is that in the case of
ultrasonic waves, a higher radio frequency component is
attenuated faster and it is likely that the valid information of
the radio frequency component is lost from echo signals
received from a location where the receiving depth is deep
and invalid information remains. In view of this point, in the
first embodiment, the frequency band is set in such a way that
the bandwidth is made narrower and the maximum frequency
is made smaller as the receiving depth is deeper.

[0032] The feature data extracting unit 43 approximates the
frequency spectrum in a linear expression by regression
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analysis, and extracts feature data characterizing the approxi-
mated linear expression. More specifically, the feature data
extracting unit 43 calculates a slope a and an intercept b of the
linear expression by regression analysis, and calculates the
intensity of a characteristic frequency in the frequency band
of the frequency spectrum. In the first embodiment, the fea-
ture data extracting unit 43 calculates intensity (Mid-band fit)
c=af,,+b in a center frequency f,,,n,=(f; .., +{rzrz)/2. How-
ever, this is merely an example. “The intensity”” here means
any one of parameters such as voltage, electric power, sound
pressure, and acoustic energy.

[0033] Among three items of feature data, the slope a has
the correlation with the size of a scatterer for ultrasonic
waves, and it is generally considered that a larger scatterer has
a smaller slope value. Moreover, the intercept b has the cor-
relation with the size of a scatterer, a difference in acoustic
impedance, the density (concentration) of a scatterer, or the
like. More specifically, it is considered that the intercept b has
a larger value as a scatterer is larger, has a larger value as
acoustic impedance is larger, and has a larger value as the
density (the concentration) of a scatterer is larger. An inten-
sity ¢ in the center frequency f,,;,, (in the following, simply
referred to as “intensity”) is an indirect parameter derived
from the slope a and the intercept b, and gives a spectrum
intensity at the center in an effective frequency band. There-
fore, it is considered that the intensity ¢ has the correlation
with the brightness of a B mode image to a certain degree, in
addition to the correlation with the size of a scatterer, a dif-
ference in acoustic impedance, and the density of a scatterer.
Incidentally, an approximate polynomial equation calculated
at the feature data extracting unit 43 is not limited to a linear
expression, and a second-order or higher-order approximate
polynomial equation may be used.

[0034] The tissue characteristic determining unit 44 calcu-
lates the average and standard deviation of the feature data of
the frequency spectrum extracted at the feature data extract-
ing unit 43 for every item of feature data. The tissue charac-
teristic determining unit 44 determines a tissue characteristic
in a predetermined area in a specimen using a difference
between the calculated average and standard deviation and
the average and standard deviation of the feature data of the
frequency spectra of known specimens stored in the storage
unit 8. “A predetermined area” here is referred to as an area in
an image specified through the input unit 6 by the operator of
the ultrasonic diagnosis apparatus 1 who sees the image cre-
ated at the image processing unit 5 (in the following, referred
to as “the area of interest”). Moreover, “a tissue characteris-
tic” here is any one of cancer, endocrinoma, mucinous tumor,
normal tissue, and vascular, for example. Incidentally, in the
case where a specimen is a pancreas, tissue characteristics
also include chronic pancreatitis, autoimmune pancreatitis,
etc.

[0035] The average and standard deviation of feature data
calculated at the tissue characteristic determining unit 44
reflect changes at cell level such as nucleus swell and hetero-
morphic nucleus and organic changes such as fiber hyperpla-
sia in interstitial tissue and the replacement of parenchyma
with fiber, showing unique values depending on tissue char-
acteristics. Therefore, the average and standard deviation of
feature data as described above are used to accurately deter-
mine a tissue characteristic in a predetermined area in a speci-
men.

[0036] The image processing unit 5 includes a B mode
image data generating unit 51 that generates B mode image
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data showing brightness converted from the amplitudes of
echo signals, and a determined result display image data
generating unit 52 that uses data outputted from the B mode
image data generating unit 51 and data outputted from the
operating unit 4 to generate determined result display image
data showing the determined result of a tissue characteristic in
the area of interest and information about the determined
result.

[0037] The B mode image data generating unit 51 applies
signal processing to digital signals using publicly known
techniques such as bandpass filtering, logarithn transforma-
tion, gain processing, and contrast processing, and generates
B mode image data by data reduction according to data step
width determined depending on the display range of an image
at the display unit 7, for example.

[0038] The determined result display image data generat-
ing unit 52 generates determined result display image data
including the determined result of the tissue characteristic in
the area of interest and a tissue characteristic emphasized
image that emphasizes the tissue characteristic using the B
mode image data generated at the B mode image data gener-
ating unit 51, the feature data calculated at the feature data
extracting unit 43, and the determined result determined at the
tissue characteristic determining unit 44.

[0039] The storage unit 8 includes a known specimen infor-
mation storage unit 81 that stores information about a known
specimen, a frequency band information storage unit 82 that
stores frequency band information defined according to the
receiving depth of ultrasonic waves, and a window function
storage unit 83 that stores window functions for use in fre-
quency analysis performed at the frequency analyzing unit
41.

[0040] The known specimen information storage unit 81
stores the feature data of the frequency spectrum extracted
with respect to a known specimen in association with the
tissue characteristic of the known specimen. Moreover, the
known specimen information storage unit 81 stores the aver-
ages and standard deviations calculated for every group
sorted based on the tissue characteristics of the known speci-
mens with respect to the feature data of the frequency spectra
related to known specimens together with the entire feature
data of the known specimens. Here, the feature data of the
known specimens is extracted by processing similar to pro-
cessing in the first embodiment. However, it is unnecessary to
extract the feature data of the known specimens in the ultra-
sonic diagnosis apparatus 1. Desirably, information about
known specimens stored in the known specimen information
storage unit 81 is highly reliable information about tissue
characteristics.

[0041] FIG. 2 is a schematic diagram of a frequency band
table as frequency band information stored in the frequency
band information storage unit 82. A frequency band table Tb
illustrated in FIG. 2 illustrates the minimum frequency (flow)
and the maximum frequency (fy;5;) for the individual
receiving depths of ultrasonic waves. In the frequency band
table Tb, the bandwidth f,;;.,-f; o5 1s narrow and the maxi-
mum frequency f,;5, is smaller, as the receiving depth is
deeper. Moreover, in the case where the receiving depth is
relatively shallow (2 to 6 cm in FIG. 2), the frequency band is
not changed in the frequency band table Tb because the
influence of attenuation is small. In contrast to this, in the case
where the receiving depth is relatively deep (8 to 12 cm in
FIG. 2), the band is made narrower and moved to the low
frequency side because the influence of attenuation becomes
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large. This frequency band table Tb is used to extract only
signals having valid information for imaging.

[0042] The window function storage unit 83 stores at least
one of window functions such as Hamming, Hanning, and
Blackman, or stores a plurality of window functions. The
storage unit 8 is implemented using ROM on which the opera-
tion program of the ultrasonic diagnosis apparatus according
to the first embodiment, a program to start a predetermined
OS, or the like is stored in advance and RAM on which
arithmetic operation parameters, data for processes, or the
like are stored, for example.

[0043] The components other than the ultrasonic probe 2 of
the ultrasonic diagnosis apparatus 1 having functionalities
and configurations described above are implemented using a
computer including a CPU having an arithnietic operation
functionality and a control functionality. The CPU included
in the ultrasonic diagnosis apparatus 1 executes arithnietic
operation processing related to an operation method of the
ultrasonic diagnosis apparatus according to the first embodi-
ment by reading information memorized and stored in the
storage unit 8 and various programs including the operation
program of the ultrasonic diagnosis apparatus described
above out of the storage unit 8.

[0044] Incidentally, the operation program of the ultrasonic
diagnosis apparatus according to the first embodiment may be
stored on a computer readable recording medium such as a
hard disk, flash memory, a CD-ROM, a DVD-ROM, and a
flexible disk, for wide distribution.

[0045] FIG. 3 is a flowchart of the outline of a process
performed by the ultrasonic diagnosis apparatus 1 having the
configuration described above. In FIG. 3, in the ultrasonic
diagnosis apparatus 1, first, the ultrasonic probe 2 is used to
measure a new specimen (Step S1). After the measurement,
the B mode image data generating unit 51 generates B mode
image data (Step S2).

[0046] Subsequently, the control unit 9 performs control to
display a B mode image corresponding to the B mode image
data generated at the B mode image data generating unit 51 on
the display unit 7 (Step S3). FIG. 4 is a diagram of an exem-
plary display of a B mode image on the display unit 7. A B
mode image 100 illustrated in FIG. 4 is a gray scale image in
which R (red), G (Green), and B (blue) values, which are
variables in the case of adopting an RGB color system for a
color space, are matched.

[0047] After the display, in the case where the area of inter-
estis set through the input unit 6 (Step S4: Yes), the frequency
analyzing unit 41 analyzes frequencies by the FFT operation
to calculate a frequency spectrum (Step S5). In Step S5, the
entire area of the image may be set as the area of interest. On
the other hand, in the case where the area of interest is not set
(Step S4: No), the ultrasonic diagnosis apparatus 1 ends pro-
cessing when an instruction to end processing is inputted
through the input unit 6 (Step S6: Yes). On the contrary, in the
case where the area of interest is not set (Step S4: No), the
ultrasonic diagnosis apparatus 1 returns to Step S4 when an
instruction to end processing is not inputted through the input
unit 6 (Step S6: No).

[0048] Here, the process performed at the frequency ana-
lyzing unit 41 (Step S5) will be described in detail with
reference to a flowchart in FIG. 5. First, the frequency ana-
lyzing unit 41 sets a sound ray number [, of a sound ray for a
subject of analysis to an initial value L, (Step S21). The initial
value L, may be allocated to a sound ray that the transmitting
and receiving unit 3 first receives, for example, or may be
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allocated to a sound ray corresponding to one of sound rays at
right and left boundary locations of the area of interest set
through the input unit 6.

[0049] Subsequently, the frequency analyzing unit 41 cal-
culates all frequency spectra at a plurality of data locations set
on a single sound ray. First, the frequency analyzing unit 41
sets an initial value Z, at a data location Z that represents a
sequence of a data group (an FFT data group) acquired for the
FFT operation (Step S22). FIG. 6 is a schematic diagram of
the data array of a single sound ray. In a sound ray LD
illustrated in FIG. 6, a white or black rectangle means an item
of data. The sound ray LD is discrete sound rays at time
intervals corresponding to a sampling frequency in A/D con-
version performed at the transmitting and receiving unit 3 (50
MHz, for example). FIG. 6 illustrates the case where the first
item of data of the sound ray LD is set to the initial value Z,
at the data location Z. Incidentally, FIG. 6 is merely one
example, and the location of the initial value Z, can be set
freely. For example, the data location Z corresponding to the
top end location in the area of interest may be set to the initial
value Z,,.

[0050] After the setting, the frequency analyzing unit 41
acquires an FFT data group at the data location Z (Step S23),
and applies a window function stored in the window function
storage unit 83 to the acquired FFT data group (Step S24).
The window function is thus applied to the FFT data group to
avoid a discontinuous FFT data group at the boundary and to
prevent artifacts from occurring.

[0051] Subsequently, the frequency analyzing unit 41
determines whether the FFT data group at the data location Z
is a normal data group (Step S25). Here, the FFT data group
is necessary to have a data number of a power of two. In the
following, the data number of the FFT data group is 2” (nis a
positive integer). A normal FFT data group means that the
data location Z is located at the 2"~'th location from the front
in the FFT data group. In other words, a normal FFT data
group means that there are 2" -1 (=N) items of data on the
front side of the data location Z and there are 2"~ (=M) items
of data on the rear side of the data location Z. In the case
illustrated in FIG. 6, FFT data groups F,, F;, and F,_, are
normal, but FFT data groups F, and F, are faulty, where n=4
(N=7, M=8) in FIG. 6.

[0052] As the result of determination in Step S25, in the
case where the FFT data group at the data location Z is normal
(Step S25: Yes), the frequency analyzing unit 41 moves to
Step S27 described later.

[0053] As the result of determination in Step S25, in the
case where the FFT data group at the data location Z is faulty
(Step S25: No), the frequency analyzing unit 41 inserts zero
data by the amount of shortage to generate a normal FFT data
group (Step S26). A window function is applied to the FFT
data group determined as faulty in Step S25, before adding
zero data. Therefore, discontinuous data does not occur even
though zero data is inserted into the FFT data group. After
Step S26, the frequency analyzing unit 41 moves to Step S27
described below.

[0054] In Step S27, the frequency analyzing unit 41 per-
forms the FFT operation using the FFT data group to acquire
a frequency spectrum (Step S27).

[0055] Subsequently, the frequency analyzing unit 41 adds
a predetermined data step width D at the data location Z, and
calculates a data location Z of an FFT data group for the
subsequent analysis (Step S28). Desirably, the data step width
D here is matched with the data step width for use in gener-
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ating B mode image data at the B mode image data generating
unit 51. However, in the case where it is desired to reduce the
arithmetic operation amount in the frequency analyzing unit
41, a value greater than the value of the data step width used
at the B mode image data generating unit 51 may be set. FIG.
6 illustrates the case of D=15.

[0056] After the calculation, the frequency analyzing unit
41 determines whether the data location Z is greater than a last
data location 7, (Step S29). Here, the last data location

max

7., may be the data length of the sound ray LD or may be a
data location corresponding to the lower end of the area of
interest. As the result of determination, in the case where the
data location Z is greater than the last data location Z ,, . (Step
S29: Yes), the frequency analyzing unit 41 increments the
sound ray number L by one (Step S30). On the other hand, in
the case where the data location Z is the last data location Z ,, .
or less (Step S29: No), the frequency analyzing unit 41
returns to Step S23. As decried above, the frequency analyz-
ing unit 41 applies the FET operation to [{(Z,,,x~Z0)/D}+1]
(=K) of FFT data groups for a single sound ray LD. Here, [X]
is a maximum integer not greater than X.

[0057] In the case where the sound ray number L after
incremented in Step S30 is greater than the last sound ray
number L, . (Step S31: Yes), the frequency analyzing unit 41
returns to the main routine illustrated in FIG. 2. On the other
hand, in the case where the sound ray number L after incre-
mented in Step S30 is the last sound ray number L, or less
(Step S31: No), the frequency analyzing unit 41 returns to
Step S22.

[0058] As decried above, the frequency analyzing unit 41
performs the FFT operation at K times for (L, ~L,+1) of
sound rays. Incidentally, the last sound ray number L,,, ., may
be allocated to the last sound ray received at the transmitting
and receiving unit 3, for example, or may be allocated to a
sound ray corresponding to any one of sound rays at right and
left boundary locations of the area of interest. In the follow-
ing, suppose that a total number (L,,,,~L[.0+1) of the FFT
operationxK is P; the FFT operation is applied to all the sound
rays at the frequency analyzing unit 41.

[0059] Subsequent to the frequency analysis process in
Step S5 described above, the frequency band setting unit 42
sets a frequency band to the individual receiving depths of
ultrasonic waves with reference to the frequency band table
Tb stored in the frequency band information storage unit 82
(Step S7). Incidentally, the process performed at the fre-
quency band setting unit 42 may be performed in parallel with
the process performed at the frequency analyzing unit 41, or
may be performed prior to the process performed at the fre-
quency analyzing unit 41.

[0060] FIGS. 7to 9 are diagrams of the frequency spectra
calculated at the frequency analyzing unit 41 and frequency
bands set by the frequency band setting unit 42 with respect to
the ultrasonic waves in different receiving depths. In FIGS. 7
t0 9, ahorizontal axis f expresses the frequency, and a vertical
axis | expresses the intensity. More specifically, FIG. 7 is the
case where the receiving depth is 2 cm, FIG. 8 is the case
where the receiving depth is 8 cm, and FIG. 9 is the case
where the receiving depth is 12 cm. In frequency spectrum
curves C,, C, and C; illustrated in FIGS. 7, 8, and 9, respec-
tively, a lower limit frequency f; ;- and an upper limit fre-
quency fy;6. 0f receiving the frequency spectrum have val-
ues set for every depth at the frequency band setting unit 42
based on the frequency band table Tb. In FIG. 7, f, 5,4
(MHz), and f;,5;,/~9 (MHz). Moreover, in FIG. 8, {; ,,;,=3.5
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(MHz), and f,;5,=8 (MHz). Furthermore, in FIG. 9,
f; op=2.5 (MHz), and f5;;,7=5 (MHz). It is noted that straight
lines L}, L,, and L, illustrated in FIGS. 7, 8, and 9, respec-
tively, will be described in a feature data extraction process,
described later. In the first embodiment, the curves and the
straight lines are formed of sets of discrete points. The curves
and the straight lines are similarly formed of sets of discrete
points also in embodiments described later.

[0061] After Step S7, the feature data extracting unit 43
applies regression analysis to P frequency spectra calculated
at the frequency analyzing unit 41 in the frequency band set
by the frequency band setting unit 42 for extracting feature
data (Step S8). More specifically, the feature data extracting
unit 43 calculates the slope a, the intercept b, and the intensity
¢, which are three items of feature data, by calculating a linear
expression to approximate the frequency spectrum of the
frequency band f; ,,<f<f,;;; by regression analysis. The
straight lines L;, L,, and L; illustrated in FIGS. 7, 8, and 9,
respectively, are regression lines obtained by performing the
feature data extraction process on the frequency spectrum
Curves C,, C, and C, in Step S8.

[0062] After the calculation, the tissue characteristic deter-
mining unit 44 determines a tissue characteristic in the area of
interest of the specimen based on the feature data extracted at
the feature data extracting unit 43 and known specimen infor-
mation stored in the known specimen information storage
unit 81 (Step S9).

[0063] Here, the process performed at the tissue character-
istic determining unit 44 (Step S9) will be described in detail
with reference to a flowchart in FIG. 10. First, the tissue
characteristic determining unit 44 calculates the averages and
standard deviations of the slope a, the intercept b, and the
intensity ¢ of Q (=P) sets of FFT data groups located in the
area of interest (Step S41).

[0064] Subsequently, the tissue characteristic determining
unit 44 sets a feature data space for use in determining a tissue
characteristic (Step S42). In the first embodiment, there are
two independent parameters among the slope a, the intercept
b, and the intensity ¢, which are three items of feature data.
Therefore, a two-dimensional space having given two items
of feature data as components among three items of feature
data can be set to a feature data space. Moreover, a linear
space having a single item of feature data as a component
among three items of feature data can also be set to a feature
data space. In Step S42, it is considered that the feature data
space to be set is predetermined. However, the operator may
select a desired feature data space through the input unit 6.
[0065] FIG. 11 is a diagram of an exemplary feature data
space set by the tissue characteristic determining unit44.Ina
feature data space illustrated in FIG. 11, the horizontal axis
expresses the intercept b, and the vertical axis expresses the
intensity c. A point Sp illustrated in FIG. 11 illustrates a point
having the averages of the intercept b and the intensity ¢ of the
frequency spectra of the FFT data groups included in the area
of interest of the specimen calculated at the feature data
extracting unit 43 in Step S41 as the coordinates of the feature
data space (in the following, this point is referred to as “a
specimen average mark”). Moreover, areas SA, SB, and SC
illustrated in FIG. 11 are groups that the tissue characteristics
of known specimens stored in the known specimen informa-
tion storage unit 81 are A, B, and C, respectively. In the case
illustrated in FIG. 11, three groups SA, SB, and SC exist in
areas not overlapping with the other groups on the feature
data space.



US 2013/0096429 Al

[0066] In the first embodiment, also in determining the
feature data of a known specimen, tissue characteristics are
sorted and determined using the feature data of a frequency
spectrum obtained by approximating the frequency spectrum
in a frequency band determined according to the receiving
depth of ultrasonic waves as an index, so that tissue charac-
teristics different from each other can be distinguished. Par-
ticularly, in the first embodiment, since the frequency band is
determined in such a way that the bandwidth is narrower and
the maximum frequency is smaller as the receiving depth is
deeper, the involvement of a radio frequency component with
a large attenuation can be eliminated as compared with the
case where the frequency band is made constant to extract
feature data regardless of the receiving depth. As a result, the
areas of groups in the feature data space can be obtained in a
state in which the areas are more clearly separated form each
other.

[0067] After Step S42, the tissue characteristic determining
unit 44 calculates distances o, §, and y on the feature data
space between the specimen average mark Sp and points A,
B,, and C, having the averages of the intercept b and the
intensity ¢ of the frequency spectra of the FFT data groups
included in the groups SA, SB, and SC as the coordinates of
the feature data space (in the following, these points are
referred to as “known specimen average marks”) (Step S43).
Here, in the case where the scales of a b-axis component and
a c-axis component are greatly different from each other in
the feature data space, desirably, weighting is appropriately
performed for making the involvement of the distances
almost equal.

[0068] Subsequently, the tissue characteristic determining
unit 44 determines a tissue characteristic at the specimen
average mark Sp based on the distances calculated in Step
S43 (Step S44). In the case of FIG. 11, the distance a is the
shortest. Therefore, the tissue characteristic determining unit
44 determines that the tissue characteristic of the specimen is
A. Tt is noted that in the case where the specimen average
mark Sp is extremely separated from the known specimen
average marks A,, B,, and C,, the confidence level of the
determined result of the tissue characteristic is low even
though the minimum values of the distances o, f§, and y are
determined. Thus, in the case where the distances ., 3, and y
are greater than a predetermined threshold, the tissue charac-
teristic determining unit 44 may output an error signal. More-
over, in the case where two or more of the distances a, f3, and
y take a minimum value, the tissue characteristic determining
unit 44 may select all the tissue characteristics corresponding
to the minimum values as candidates, or may select any one of
tissue characteristics according to a predetermined criterion.
In the case of the latter, such a method can be named that the
priority level of highly malignant tissue characteristics such
as cancer is set higher, for example. Moreover, in the case
where two or more of the distances a, 3, and y take minimum
values, the tissue characteristic determining unit 44 may out-
put an error signal.

[0069] After the determination, the tissue characteristic
determining unit 44 outputs the result of the distances calcu-
lated in Step S43 and the determined result in Step S44 (Step
S45). The tissue characteristic determination process in Step
S9 is then ended.

[0070] After Step S9 described above, the determined
result display image data generating unit 52 generates deter-
mined result display image data using the B mode image data
generated at the B mode image data generating unit 51, the
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feature data calculated at the feature data extracting unit 43,
and the determined result determined at the tissue character-
istic determining unit 44 (Step S10).

[0071] After the data generation, the display unit 7 displays
the determined result display image generated at the deter-
mined result display image data generating unit 52 (Step
S11). FIG. 12 is a diagram of an exemplary display of a
determined result display image displayed on the display unit
7. A determined result display image 200 illustrated in FIG.
12 includes an information display unit 201 on which various
related items of information including the determined result
of a tissue characteristic are displayed and an image display
unit 202 on which a tissue characteristic emphasized image
that emphasizes a tissue characteristic is displayed based on
the B mode image.

[0072] On the information display unit 201, the identifica-
tion information (an ID number, a name, a sex, or the like) of
a specimen, the determined result of the tissue characteristic
calculated at the tissue characteristic determining unit 44,
information about feature data in determining the tissue char-
acteristic, and ultrasonic image quality information such as a
gain and contrast are displayed, for example. Here, for infor-
mation about feature data, display can be performed using the
average and standard deviation of the feature data of the
frequency spectra of Q sets of FFT data groups located in the
area of interest. More specifically, on the information display
unit 201, a=1.5+0.3 (dB/MHz), b=-60+2 (dB), and
¢=-50«1.5 (dB) can be displayed, for example.

[0073] A tissue characteristic emphasized image 300 dis-
played on the image display unit 202 is a gray scale image in
which the intercept b is equally allocated to R (red), G
(Green), and B (blue) in the B mode image 100 in FIG. 4.
[0074] The display unit 7 displays the determined result
display image 200 in the configuration above, and the opera-
tor can more accurately grasp a tissue characteristic in the
area of interest.

[0075] It is noted that the tissue characteristic emphasized
image 300 illustrated in FIG. 12 is merely an example. In
addition to this, the slope a, the intercept b, and the intensity
¢ may be allocated to R (red), G (Green), and B (blue) to also
display a tissue characteristic emphasized image in a color
image, for example. In this case, since tissue characteristics
are expressed in unique colors, the operator can grasp a tissue
characteristic in the area of interest based on the color distri-
bution of the image. Moreover, such a configuration may be
possible in which the color space is configured of comple-
mentary color variables such as cyan, magenta, and yellow for
allocating feature data to the variables, instead of configuring
the color space in an RGB color system. Furthermore, tissue
characteristic emphasized image data may be generated by
mixing B mode image data with color image data at a prede-
termined ratio. In addition, tissue characteristic emphasized
image data may be generated by replacing only the area of
interest with color image data.

[0076] According to the first embodiment of the present
invention described above, in approximating the frequency
spectrum obtained by analyzing the frequency of received
ultrasonic waves, the feature data of the frequency spectrum
ofthe frequency band set to the individual receiving depths of
ultrasonic waves is extracted, and this feature data is used as
well as feature data of a frequency spectrum extracted based
on ultrasonic waves reflected off a plurality of known speci-
mens are used for determining a tissue characteristic in a
predetermined area in the specimen, so that difference in
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tissue can be clearly distinguished without using the strain
value and the modulus of elasticity of human tissue. Accord-
ingly, it is possible to accurately discriminate tissue charac-
teristics, and it is possible to improve the reliability of mea-
sured results.

[0077] Moreover, according to the first embodiment, a fre-
quency band is set in such a way that the bandwidth is nar-
rower and the maximum frequency is smaller as the receiving
depth is deeper, so that it is possible to eliminate the influence
of attenuation in association with the propagation of ultra-
sonic waves, and it is possible to more highly accurately
determine a tissue characteristic.

[0078] FIG. 13 is a diagram of another exemplary display
of a determined result display image on the display unit 7. A
determined result display image 400 illustrated in FIG. 13 has
an information display unit 401, a first image display unit 402
on which a B mode image is displayed, and a second image
display unit 403 on which a tissue characteristic emphasized
image is displayed. In the case illustrated in FIG. 13, the B
mode image 100 is displayed on the first image display unit
402, and the tissue characteristic emphasized image 300 is
displayed on the second image display unit 403. The B mode
image and the tissue characteristic emphasized image are thus
displayed side by side, so that differences between the two
images can be recognized on a single screen. Incidentally, an
image displayed on the first image display unit 402 may be
replaced with an image displayed on the second image dis-
play unit 403. Moreover, the display of the determined result
display image 200 and the display of the determined result
display image 400 may be switched through an input from the
input unit 6.

[0079] Incidentally, in the first embodiment, the frequency
band setting unit 42 sets a frequency band for every receiving
depth with reference to the frequency band table Tbh. How-
ever, a frequency band may be set by accepting the setting of
the frequency band input at the input unit 6, for example. In
this case, since a user can freely change frequency bands
through the input unit 6, the frequency band is adjusted for
every specimen to reduce differences in the individual speci-
mens.

Second Embodiment

[0080] In a second embodiment of the present invention, a
tissue characteristic determination process in a tissue charac-
teristic determining unit is different from the first embodi-
ment. The configuration of an ultrasonic diagnosis apparatus
according to the second embodiment is the same as the con-
figuration of the ultrasonic diagnosis apparatus 1 described in
the first embodiment. Therefore, in the following description,
components corresponding to the components of the ultra-
sonic diagnosis apparatus 1 are designated the same reference
numerals and signs.

[0081] A tissue characteristic determining unit 44 adds the
feature data (a, b, and ¢) of Q sets of FFT data groups located
in the area of interest to groups SA, SB, and SC (see FIG.11)
configuring tissue characteristics A, B, and C to form a new
population, and then determines the standard deviation for
every item of feature data of data configuring tissue charac-
teristics.

[0082] After the determination, the tissue characteristic
determining unit 44 calculates a difference between the stan-
dard deviations of the items of feature data of groups SA, SB,
and SC in the original population formed of only known
specimens and the standard deviations of the items of feature
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data of groups SA, SB, and SC in a new population added with
a new specimen (in the following, simply referred to as “a
standard deviation difference”), and determines a tissue char-
acteristic corresponding to a group including feature data
with the smallest standard deviation difference as a tissue
characteristic of a specimen.

[0083] Here, the tissue characteristic determining unit 44
may calculate a standard deviation difference only on the
standard deviation of feature data selected in advance from a
plurality of items of feature data. The operator may freely
select feature data in this case, or an ultrasonic diagnosis
apparatus 1 may automatically select feature data.

[0084] Moreover, such a configuration may be possible in
which the tissue characteristic determining unit 44 calculates
a value that the standard deviation differences of all the items
of feature data are appropriately weighted and added for
every group and determines a tissue characteristic corre-
sponding to a group that this value is the minimum as a tissue
characteristic of a specimen. In this case, when the items of
feature data are the slope a, the intercept b, and the intensity
¢, for example, the tissue characteristic determining unit 44
calculates w, (the standard deviation difference of a)+w,*
(the standard deviation difference of b)+w_*(the standard
deviation difference of ¢) where weights for the slope a, the
intercept b, and the intensity ¢ are w,, w,, and w_, respec-
tively, and determines the tissue characteristic of a specimen
based on the calculated value. It is noted that the values of the
weights w,,, w,, and w_ may be freely set by the operator, or
may be automatically set by the ultrasonic diagnosis appara-
tus 1.

[0085] Moreover, such a configuration may be possible in
which the tissue characteristic determining unit 44 calculates
the square root of a value that the second power of the stan-
dard deviation differences of all the items of feature data is
appropriately weighted and added for every group and deter-
mines a tissue characteristic corresponding to a group that
this square root is the minimum as a tissue characteristic of a
specimen. In this case, when the items of feature data are the
slope a, the intercept b, and the intensity ¢, for example, the
tissue characteristic determining unit 44 calculates {w'_*(the
standard deviation difference of a)*+w",(the standard devia-
tion difference of b)*+w'_s(the standard deviation difference
of ¢)?}*/? where weights for the slope a, the intercept b, and
the intensity ¢ are w',, w',, and w',, respectively, and deter-
mines a tissue characteristic based on the calculated value. It
is noted that also in this case, the values of the weights w',,
w',, and W', may be freely set by the operator, or may be
automatically set by the ultrasonic diagnosis apparatus 1.

[0086] According to the second embodiment of the present
invention described above, it is possible to accurately dis-
criminate tissue characteristics, and it is possible to improve
the reliability of measured results as similar to the first
embodiment described above.

[0087] Itis noted that in the second embodiment, the tissue
characteristic determining unit 44 determines a tissue char-
acteristic based on a change in the standard deviations of the
items of feature data between the original population and the
population added with a new specimen, and this is merely an
example. For example, the tissue characteristic determining
unit 44 may determine a tissue characteristic based on a
change in the averages of the items of feature data between the
original population and the population added with a new
specimen.
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Third Embodiment

[0088] In a third embodiment of the present invention, a
tissue characteristic determination process in a tissue charac-
teristic determining unit is different from the first embodi-
ment. The configuration of an ultrasonic diagnosis apparatus
according to the third embodiment is the same as the configu-
ration of the ultrasonic diagnosis apparatus 1 described in the
first embodiment. Therefore, in the following description,
components corresponding to the components of the ultra-
sonic diagnosis apparatus 1 are designated the same reference
numerals and signs.

[0089] A tissue characteristic determining unit 44 calcu-
lates probabilities belonging to tissue characteristics using
distances between the average mark of a specimen in a feature
data space and the average marks of the tissue characteristics
of known specimens. More specifically, in the case of the
feature data space (b, ¢) illustrated in FIG. 11, the distances «,
[, and y between the specimen average mark Sp and the
known specimen average marks A, B, and C, are used to
calculate probabilities belonging to tissue characteristics.
Probabilities belonging to known specimens are set in such a
way that a smaller distance has a greater probability. For
example, a probability belonging to a tissue characteristic A
can be defined as M/a. (%), a probability belonging to a tissue
characteristic B can be defined as A/ (%), and a probability
belonging to a tissue characteristic C can be defined as Ay
(%), where A=100/(c. "+~ +y™) (%).

[0090] Inthe third embodiment, in displaying a determined
result display image on a display unit 7, probabilities belong-
ing to tissue characteristics are displayed on an information
display unit. For example, in the case where the display unit
7 displays the determined result display image 200, the infor-
mation display unit 201 displays the determined result as “a
probability that a tissue characteristic is A=60%, a probability
that a tissue characteristic is B=5%, and a probability that a
tissue characteristic is C=35%".

[0091] According to the third embodiment of the present
invention described above, it is possible to accurately dis-
criminate tissue characteristics, and it is possible to improve
the reliability of measured results as similar to the first
embodiment described above.

Fourth Embodiment

[0092] In a fourth embodiment of the present invention, a
tissue characteristic determination process in a tissue charac-
teristic determining unit is different from the first embodi-
ment. The configuration of an ultrasonic diagnosis apparatus
according to the forth embodiment is the same as the configu-
ration of the ultrasonic diagnosis apparatus 1 described in the
first embodiment. Therefore, in the following description,
components corresponding to the components of the ultra-
sonic diagnosis apparatus 1 are designated the same reference
numerals and signs.

[0093] FIG. 14 is a diagram of the outline of a process for
determining a tissue characteristic performed at a tissue char-
acteristic determining unit 44 according to the forth embodi-
ment. In a feature data space illustrated in FIG. 14, the hori-
zontal axis expresses the intercept b, and the vertical axis
expresses the intensity c. In this feature data space, areas are
grouped according to tissue characteristics. The tissue char-
acteristic determining unit 44 determines tissue characteris-
tics according to locations of specimen average marks. FIG.
14 is the case where a specimen average mark Sp' belongs to
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a group SB' (an area that a tissue characteristic is B). In this
case, the tissue characteristic determining unit 44 determines
that a tissue characteristic in the area of interest of a specimen
is B.

[0094] According to the fourth embodiment of the present
invention described above, it is possible to accurately dis-
criminate tissue characteristics, and it is possible to improve
the reliability of measured results as similar to the first
embodiment described above.

[0095] The embodiments for carrying out the present
invention have been described so far. The present invention
should not be limited only by the foregoing first to fourth
embodiments. Namely, the present invention can include
various embodiments in the scope not deviating from the
technical idea of the appended claims.

[0096] 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
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 diagnosis apparatus that transmits an ultra-
sonic wave to a specimen and receives an ultrasonic wave
reflected off the specimen for determining a tissue character-
istic of the specimen based on a received ultrasonic wave, the
ultrasonic diagnosis apparatus comprising:

a frequency analyzing unit configured to calculate a fre-
quency spectrum by analyzing a frequency of a received
ultrasonic wave;

a frequency band setting unit configured to set at least an
upper limit frequency of a frequency band for use in
approximating the frequency spectrum calculated at the
frequency analyzing unit to a predetermined frequency
according to a receiving depth of an ultrasonic wave;

a feature data extracting unit configured to extract feature
data of the frequency spectrum by approximating a fre-
quency spectrum of the frequency band set at the fre-
quency band setting unit;

a storage unit configured to store feature data of a fre-
quency spectrum extracted based on ultrasonic waves
reflected off a plurality of known specimens in associa-
tion with tissue characteristics of the plurality of known
specimens; and

atissue characteristic determining unit configured to deter-
mine a tissue characteristic in a predetermined area in
the specimen using feature data stored in the storage unit
in association with tissue characteristics of the plurality
of known specimens and the feature data extracted at the
feature data extracting unit.

2. The ultrasonic diagnosis apparatus according to claim 1,
wherein the frequency band setting unit further sets a lower
limit frequency of the frequency band according to a receiv-
ing depth of an ultrasonic wave.

3. The ultrasonic diagnosis apparatus according to claim 2,
wherein:

the frequency band setting unit includes a frequency band
storage unit configured to store at least one of an upper
limit and a lower limit of a frequency band for use in
approximating the frequency spectrum according to the
receiving depth; and
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the frequency band setting unit reads corresponding infor-
mation out of the frequency band storage unit according
to the receiving depth of an ultrasonic wave, and sets the
frequency band.

4. The ultrasonic diagnosis apparatus according to claim 1,
wherein the frequency band is determined according to a
receiving depth of an ultrasonic wave, and a bandwidth is
narrower and an upper limit frequency is smaller as the
receiving depth is deeper.

5. The ultrasonic diagnosis apparatus according to claim 1,
comprising an input unit configured to accept an input of a
setting of a frequency band,

wherein the frequency band setting unit sets a frequency

band based on information accepted at the input unit.

6. The ultrasonic diagnosis apparatus according to claim 1,
wherein the feature data extracting unit approximates the
frequency spectrum in a polynomial equation by regression
analysis.

7. The ultrasonic diagnosis apparatus according to claim 6,
wherein:

the feature data extracting unit approximates the frequency

spectrum in a linear expression; and

the feature data extracting unit extracts a plurality of items

of feature data including at least two of a slope of the
linear expression, an intercept of the linear expression,
and intensity determined using the slope, the intercept,
and a specific frequency included in a frequency band of
the frequency spectrum.

8. The ultrasonic diagnosis apparatus according to claim 7,
wherein:

the storage unit stores an average of items of feature data of

groups sorted according to tissue characteristics with
respect to the plurality of known specimens; and

the tissue characteristic determining unit sets a feature data

space having at least one of the plurality of items of
feature data as a component, and determines a tissue
characteristic of the specimen based on a distance on the
feature data space between a specimen average mark
having an average of feature data forming components
of the feature data space in feature data of a frequency
spectrum in a predetermined area in the specimen as
coordinates of the feature data space and a known speci-
men average mark having an average of feature data
forming components of the feature data space in items of
feature data of groups of the plurality of known speci-
mens as coordinates of the feature data space.

9. The ultrasonic diagnosis apparatus according to claim 1,
wherein the tissue characteristic determining unit calculates a
standard deviation of feature data in a population that feature
data of the specimen is added to groups sorted according to
tissue characteristic of the plurality of known specimens, and
determines a tissue characteristic corresponding to a group
having feature data that a difference between the standard
deviation and a standard deviation of feature data in the
groups as a tissue characteristic of the specimen.
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10. The ultrasonic diagnosis apparatus according to claim
1, further comprising a determined result display image data
generating unit configured to generate visual information
corresponding to feature data of the specimen and to generate
determined result display image data to display a determined
result of a tissue characteristic in a predetermined area in the
specimen using the generated visual information, an image
generated based on a received ultrasonic wave, and a result
determined at the tissue characteristic determining unit.

11. The ultrasonic diagnosis apparatus according to claim
10, wherein the visual information is a variable configuring a
color space.

12. An operation method of an ultrasonic diagnosis appa-
ratus that transmits an ultrasonic wave to a specimen and
receives an ultrasonic wave reflected off the specimen for
determining a tissue characteristic of the specimen based on a
received ultrasonic wave, the operation method comprising:

calculating a frequency spectrum at a frequency analyzing

unit by analyzing a frequency of a received ultrasonic
wave;

setting at least an upper limit frequency of a frequency

band for use in approximating the calculated frequency
spectrum to a predetermined frequency according to a
receiving depth of an ultrasonic wave;

extracting feature data of the frequency spectrum at a fea-

ture data extracting unit by approximating a frequency
spectrum of the set frequency band; and

determining a tissue characteristic in a predetermined area

in the specimen at a tissue characteristic determining
unit using feature data read out of a storage unit storing
feature data of a frequency spectrum extracted based on
ultrasonic waves reflected off a plurality of known speci-
mens in association with tissue characteristics of the
plurality of known specimens and the feature data
extracted at the feature data extracting unit.

13. A non-transitory computer readable recording medium
with an executable program recorded thereon, wherein the
program instructs a processor to perform:

calculating a frequency spectrum at a frequency analyzing

unit by analyzing a frequency of a received ultrasonic
wave;

setting at least an upper limit frequency of a frequency

band for use in approximating the calculated frequency
spectrum to a predetermined frequency according to a
receiving depth of an ultrasonic wave;

extracting feature data of the frequency spectrum at a fea-

ture data extracting unit by approximating a frequency
spectrum of the set frequency band; and

determining a tissue characteristic in a predetermined area

in the specimen at a tissue characteristic determining
unit using feature data read out of a storage unit storing
feature data of a frequency spectrum extracted based on
ultrasonic waves reflected off a plurality of known speci-
mens in association with tissue characteristics of the
plurality of known specimens and the feature data
extracted at the feature data extracting unit.
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