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ULTRASOUND DIAGNOSIS DEVICE,
OPERATION METHOD OF ULTRASOUND
DIAGNOSIS DEVICE, AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/TP2016/084797 filed on
Nov. 24, 2016 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Application No. 2015-239433,
filed on Dec. 8, 2015, incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to: an ultrasound
diagnosis device for observation of a tissue to be observed
by use of ultrasound; an operation method of the ultrasound
diagnosis device; and a computer-readable recording
medium.

2. Related Art

[0003] In the related art, a technique for imaging of
features of a frequency spectrum of an ultrasound signal
obtained by reception of an ultrasound echo back-scattered
by the observation target via an ultrasound transducer is
known as a technique for observation of tissue characteris-
tics of an observation target, such as a specimen, by use of
ultrasound (see, for example, International Publication WO
No. 2012/011414). Being scattered means that the direction
of the sound wave is changed by collision or interaction with
a particle in a medium. Further, being back-scattered means
that the scattered sound wave is returned toward the sound
source. This phenomenon is also generally called reflection,
but in this application, hereinafter, the term, back-scattering,
is used. The sound source in this case is the ultrasound
transducer. According to this technique, after the features of
the frequency spectrum are extracted as analytic values
representing the tissue characteristics of the observation
target, feature images are generated and displayed, the
feature images having been added with visual information
corresponding to the features, for example, color informa-
tion. An operator, such as a doctor, diagnoses the tissue
characteristics of the specimen by looking at the feature
images displayed.

SUMMARY

[0004] In some embodiments, an ultrasound diagnosis
device includes: a controller. The controller is configured to:
calculate a feature related to an ultrasound signal, based on
the ultrasound signal received from an observation target;
estimate a physical quantity of scattering bodies included in
the observation target, by using: a relation derived based on
a known physical quantity of an object and a feature
obtained from the object, the object including scattering
bodies having the known physical quantity; and the calcu-
lated feature of the observation target; and generate infor-
mation to be displayed on a display, the information includ-
ing a result of the estimation.

Oct. 4,2018

[0005] In some embodiments, provided is an operation
method of an ultrasound diagnosis device. The operation
method includes: calculating a feature related to an ultra-
sound signal, based on the ultrasound signal received from
an observation target; and estimating a physical quantity of
scattering bodies included in the observation target, by
using: a relation derived based on a known physical quantity
of an object and a feature obtained from the object, the
object including scattering bodies having the known physi-
cal quantity; and the calculated feature of the observation
target.

[0006] Insome embodiments, provided is a non-transitory
computer-readable recording medium with an executable
program stored thereon. The program is a program operating
an ultrasound diagnosis device. The program causes the
ultrasound diagnosis device to execute: calculating a feature
related to the ultrasound signal, based on an ultrasound
signal received from an observation target; and estimating a
physical quantity of scattering bodies included in the obser-
vation target, by using: a relation derived based on a known
physical quantity of an object and a feature obtained from
the object, the object including scattering bodies having the
known physical quantity; and the calculated feature of the
observation target.

[0007] The above and other features, advantages and tech-
nical and industrial significance of this disclosure will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the disclosure,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis system including an ultra-
sound diagnosis device according to a first embodiment of
the disclosure;

[0009] FIG. 2 is a diagram illustrating a relation between
reception depth and amplification factor in amplification
processing executed by a signal amplifying unit of the
ultrasound diagnosis device according to the first embodi-
ment of the disclosure;

[0010] FIG. 3 is a diagram schematically illustrating a
scanning region of an ultrasound transducer and B-mode
reception data;

[0011] FIG. 41s a diagram schematically illustrating a data
array in one sound ray of an ultrasound signal,

[0012] FIG. 5 is a diagram illustrating an example of
spectral data calculated by a frequency analysis unit of the
ultrasound diagnosis device according to the first embodi-
ment of the disclosure;

[0013] FIG. 6 is a diagram illustrating a straight line
having, as parameters, corrected features that have been
corrected by an attenuation correction unit of the ultrasound
diagnosis device according to the first embodiment of the
disclosure;

[0014] FIG. 7 is a diagram illustrating a relation among
mid-band fit, and diameter and number density of scattering
bodies, and is a diagram illustrating a regression plane;

[0015] FIG. 8 is a flow chart illustrating an outline of
processing executed by the ultrasound diagnosis device
according to the first embodiment of the disclosure;
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[0016] FIG. 9 is a flow chart illustrating an outline of
processing executed by the frequency analysis unit of the
ultrasound diagnosis device according to the first embodi-
ment of the disclosure;

[0017] FIG. 10 is a diagram schematically illustrating an
example of display of a feature image on a display device of
the ultrasound diagnosis device according to the first
embodiment of the disclosure;

[0018] FIG. 11 is a block diagram illustrating a configu-
ration of an ultrasound diagnosis system including an ultra-
sound diagnosis device according to a modified example of
the first embodiment of the disclosure;

[0019] FIG. 12 is a diagram schematically illustrating an
example of display of a feature image on a display device of
the ultrasound diagnosis device according to the first
embodiment of the disclosure;

[0020] FIG. 13 is a block diagram illustrating a configu-
ration of an ultrasound diagnosis system including an ultra-
sound diagnosis device according to a third embodiment of
the disclosure;

[0021] FIG. 14 is a block diagram illustrating a configu-
ration of an ultrasound diagnosis system including an ultra-
sound diagnosis device according to a fourth embodiment of
the disclosure; and

[0022] FIG. 15 is a diagram for explanation of a lookup
table stored in the ultrasound diagnosis device according to
the fourth embodiment of the disclosure.

DETAILED DESCRIPTION

[0023] Hereinafter, by reference to the appended draw-
ings, modes for implementation of the disclosure (hereinaf-
ter, referred to as “embodiments”) will be described.

First Embodiment

[0024] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis system 1 including an
ultrasound diagnosis device 3 according to a first embodi-
ment of the disclosure. The ultrasound diagnosis system 1
illustrated in F1G. 1 includes: an ultrasound endoscope 2 that
transmits ultrasound to an observation target that is a target
to be observed, and receives the ultrasound back-scattered
by the observation target; an ultrasound diagnosis device 3
that generates, based on an ultrasound signal obtained by the
ultrasound endoscope 2, an ultrasound image; and a display
device 4 that displays thereon the ultrasound image genet-
ated by the ultrasound diagnosis device 3. One ultrasound
endoscope 2 may be connected, or plural ultrasound endo-
scopes 2, regardless of whether the plural ultrasound endo-
scopes 2 are of the same type or different types, may be
simultaneously connected, to the ultrasound diagnosis
device 3. In this embodiment, the ultrasound endoscope 2
functions as an ultrasound probe. In FIG. 1, solid lined
arrows represent transmission of electric signals related to
an image, and broken lined arrows represent transmission of
electric signals related to control.

[0025] The ultrasound endoscope 2 has, at a distal end
portion thereof, an ultrasound transducer 21 that: converts
an electric pulse signal received from the ultrasound diag-
nosis device 3, to an ultrasound pulse (an acoustic pulse);
irradiates the observation target with the ultrasound pulse;
and coverts an ultrasound echo back-scattered by the obser-
vation target, to an electric echo signal representing the
ultrasound echo with voltage variation.
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[0026] Normally, the ultrasound endoscope 2 further has,
at the distal end portion thereof, an imaging optical system
and an imaging element, is inserted in the gastrointestinal
tract (the esophagus, stomach, duodenum, or large intestine)
or the respiratory organ (the trachea or bronchus) of the
observation target, and is able to capture images of the
gastrointestinal tract or respiratory organ, and the organs
surrounding the gastrointestinal tract or respiratory organ
(the pancreas, gallbladder, bile duct, biliary tract, lymph
node, mediastinal organ, blood vessel, and/or the like). The
ultrasound endoscope 2 has a long insertion portion for the
observation target. The insertion portion normally has a light
guide that guides illumination light to be emitted to the
observation target upon imaging. This light guide has a
distal end portion that reaches to a distal end of the insertion
portion, and a proximal end portion connected to a light
source device that generates the illumination light.

[0027] The ultrasound diagnosis device 3 includes: a
transmitting and receiving unit 31 that is electrically con-
nected to the ultrasound endoscope 2, transmits, based on
predetermined waveform and transmission timing, a trans-
mission signal (a pulse signal) formed of a high voltage
pulse, to the ultrasound transducer 21, receives an echo
signal, which is an electric reception signal, from the ultra-
sound transducer 21, and generates and outputs digital data
(hereinafter, referred to as RF data) of a radio frequency
(RF) signal; a signal processing unit 32 that generates, based
on the RF data received from the transmitting and receiving
unit 31, digital B-mode reception data; an arithmetic opera-
tion unit 33 that executes predetermined arithmetic opera-
tions on the RF data received from the transmitting and
receiving unit 31; an image processing unit 34 that generates
various image data; an input unit 35 that is realized by use
of a user interface, such as a keyboard, a mouse, and a touch
panel, and receives input of various types of information; a
control unit 36 that controls the whole ultrasound diagnosis
system 1; and a storage unit 37 that stores therein various
types of information required for operation of the ultrasound
diagnosis device 3.

[0028] The transmitting and receiving unit 31 has a signal
amplifying unit 311 that amplifies the echo signal. The
signal amplifying unit 311 performs sensitivity time control
(STC) correction where the larger the reception depth of the
echo signal is, the larger the amplification factor, at which
the echo signal is amplified, is. FIG. 2 is a diagram illus-
trating a relation between reception depth and amplification
factor in amplification processing executed by the signal
amplifying unit 311. Reception depth z illustrated in FIG. 2
is quantity calculated based on elapsed time from a time
point of a start of ultrasound reception. As illustrated in FIG.
2, amplification factor § (dB) linearly increases from f; to
B, B,) as the reception depth z increases, when the
reception depth z is less than a threshold value z,,,. Further,
the amplification factor p (dB) is a constant value f3,;,, when
the reception depth z is equal to or greater than the threshold
value Z,,. The threshold value z,, is a value, at which the
ultrasound signal received from the observation target has
almost attenuated and noise therein has become dominant.
More generally, when the reception depth z is less than the
threshold value z,,, the amplification factor f preferably
increases monotonically as the reception depth z increases.
The relation illustrated in FIG. 2 is stored in the storage unit
37 beforehand.
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[0029] After executing processing, such as filtering, on
both the echo signal amplified by the signal amplifying unit
311, and the original echo signal that has not been amplified,
the transmitting and receiving unit 31 executes sampling at
an appropriate sampling frequency (for example, 50 MHz),
and executes discretization (so-called A/D conversion pro-
cessing). Thus, the transmitting and receiving unit 31 gen-
erates two sets of RF data, which are RF data A discretized
from the non-amplified echo signal and RF data N dis-
cretized from the non-amplified echo signal, and outputs
these two sets of RF data to the signal processing unit 32 and
the arithmetic operation unit 33. Herein, “A” is an abbre-
viation for “amplified”, and “N” is an abbreviation for
“normal”. If the ultrasound endoscope 2 has a configuration
that causes the ultrasound transducer 21 to execute elec-
tronic scanning, the ultrasound transducer 21 having plural
elements provided in an array, the transmitting and receiving
unit 31 has a multi-channel circuit for beam combination
corresponding to the plural elements.

[0030] A frequency band of the pulse signal transmitted by
the transmitting and receiving unit 31 is made a wide band
substantially covering a linear response frequency band for
electric-acoustic conversion of the pulse signal by the ultra-
sound transducer 21 to an ultrasound pulse. Further, a
frequency band for various types of processing on the echo
signal in the signal amplifying unit 311 is made a wide band
substantially covering a linear response frequency band for
acoustic-electric conversion of the ultrasound echo by the
ultrasound transducer 21 to an echo signal. Thereby, when
later described frequency spectrum approximation process-
ing is executed, accurate approximation is able to be
executed.

[0031] The transmitting and receiving unit 31 also has
functions of transmitting various control signals output by
the control unit 36, to the ultrasound endoscope 2, and
receiving various types of information including an 1D for
identification from the ultrasound endoscope 2 and trans-
mitting the various types of information to the control unit
36.

[0032] The signal processing unit 32 executes known
processing, such as bandpass filtering, envelope demodula-
tion, and logarithmic transformation, on the RF data A, and
generates digital B-mode reception data. In the logarithmic
transformation, a common logarithm of a quantity resulting
from division of the RF data A by a reference voltage V_ is
expressed as a decibel value. In these B-mode reception
data, reception signal amplitudes or intensities indicating
strengths of back-scattering of an ultrasound pulse are lined
along a transmission and reception direction (a depth direc-
tion) of the ultrasound pulse. FIG. 3 is a diagram schemati-
cally illustrating a scanning region of the ultrasound trans-
ducer 21 (which may be, hereinafter, simply referred to as
the scanning region) and the B-mode reception data. A
scanning region S illustrated in FIG. 3 1s fan-shaped. In FIG.
3, a path (a sound ray), on which ultrasound reciprocates, is
represented by a straight line, and the B-mode reception data
are represented by points lined on each sound ray. In FIG. 3,
for convenience of later explanation, the sound rays are
respectively numbered, “17, “2”, “3”, .. ., in order from a
start of scanning (the right in FIG. 3). The first sound ray is
defined as SR, the second sound ray as SR, the third sound
ray as SR;, . . ., and the k-th sound ray as SR,. FIG. 3
corresponds to a case where the ultrasound transducer 21 is
a convex transducer. Further, in FIG. 3, reception depth of
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the B-mode reception data is written as “z”. When an
ultrasound pulse emitted from a surface of the ultrasound
transducer 21 is back-scattered in an object that is at a
reception depth z, and is returned to the ultrasound trans-
ducer 21 as an ultrasound echo, that reciprocating distance
L and the reception depth z have a relation, z=L/2. The
signal processing unit 32 outputs the generated B-mode
reception data to a B-mode image data generating unit 341
of the image processing unit 34. The signal processing unit
32 is realized by use of, for example: a general purpose
processor, such as a central processing unit (CPU); or a
dedicated integrated circuit that executes specific functions,
such as an application specific integrated circuit (ASIC), or
a field programmable gate array (FPGA).

[0033] The arithmetic operation unit 33 has: a frequency
analysis unit 331 that calculates spectral data by executing
frequency analysis through execution of fast Fourier trans-
form (FFT) on the RF data N generated by the transmitting
and receiving unit 31; a single regression analysis unit 332
(a feature calculating unit) that calculates, by using the
spectral data calculated by the frequency analysis unit 331,
features of the spectral data by single regression analysis;
and an estimating unit 333 that estimates, by using the
features calculated by the single regression analysis unit 332
and a relational expression, which has been stored in the
storage unit 37 and derived from a number density of
scattering bodies (hereinafter, the number density being
denoted by “n”) and a diameter (hereinafter, the diameter of
the scattering bodies being denoted by “d”) thereof, a
logarithm of the number density n (log n) and a logarithm of
the diameter d (log d). The arithmetic operation unit 33 is
realized by use of a central processing unit (CPU) or various
arithmetic operation circuits. The number density of scat-
tering bodies means the number of scattering bodies
included in a unit volume, and in this embodiment, is the
number of scattering bodies per cm>. Further, the diameter
d is in micrometers (um) in this embodiment. Furthermore,
logarithms of the number density and the diameter of
scattering bodies are common logarithms having a base of
10. Therefore, each of log n and log d represents “the
number of digits of the decimal representation of n or d-1”.

[0034] The frequency analysis unit 331 generates sample
data by executing sampling again at predetermined time
intervals on RF data N (line data) of each sound ray
generated by the transmitting and receiving unit 31. By
executing FFT processing on a sample data group, the
frequency analysis unit 331 calculates frequency spectra at
multiple positions (data positions) on the RF data. A “fre-
quency spectrum” referred to herein means a “frequency
distribution of intensity at a certain reception depth z”
obtained by FFT processing on the sample data group.
Further, the “intensity” referred to herein refers to any one
of, for example: a parameter, such as a voltage of the echo
signal, an electric power of the echo signal, a sound pressure
of the ultrasound echo, or acoustic energy of the ultrasound
echo; and an amplitude or a time-integrated value of the
parameter, or a combination thereof.

[0035] In this embodiment, voltage of the echo signal is
adopted as the intensity, and the frequency analysis unit 331
is described as generating data (hereinafter, also referred to
as spectral data) of a frequency spectrum, based on a
frequency component V(f, L) of voltage amplitude. Herein,
“f” is frequency. After dividing the frequency component
V(f, L) of voltage amplitude by the reference voltage Ve and
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executing logarithmic transformation processing for repre-
sentation in decibels by finding a common logarithm (log) of
the divided value, the frequency analysis unit 331 multiplies
the transformed value by an appropriate positive constant A,
thereby generating spectral data F(f, L) given by Equation
(1) below.

F(f, Ly=4'log {V{f. LYV} oY

Herein, log denotes “common logarithm” (hereinafter, the
same applies).

[0036] Hereinafter, a method of finding a frequency com-
ponent V(f, L) of voltage amplitude by frequency analysis in
the frequency analysis unit 331 will be described. Generally,
when the observation target is a biological tissue, a fre-
quency spectrum of an echo signal indicates different trends
depending on characteristics of the biological tissue scanned
with ultrasound. This is because, a frequency spectrum has
correlations to a size, a number density, an acoustic imped-
ance, and the like of scattering bodies that scatter ultrasound.
“Characteristics of a biological tissue” referred to herein are,
for example, a malignant tumor (cancer), a benign tumor, an
endocrine tumor, a mucinous tumor, a normal tissue, a cyst,
a vessel, and the like.

[0037] FIG. 4is a diagram schematically illustrating a data
array in one sound ray SR, of an ultrasound signal. A white
or black rectangle in the sound ray SR, means data at one
sample point. Further, the more rightward the data are
positioned in the sound ray SR,, the deeper the position
where the sample data were measured along the sound ray
SR, is away from the ultrasound transducer 21 (see the
arrow in FIG. 4). As described already, the sound ray SR, is
sample data sampled further by the frequency analysis unit
331 from RF data sampled and discretized from an echo
signal by A/D conversion processing in the transmitting and
receiving unit 31. FIG. 4 illustrates a case where the 8th data
position of the sound ray SR, of the number k is set as an
initial value Z%, in the direction of the reception depth z,
but the position of the initial value may be set arbitrarily.
Results of calculation by the frequency analysis unit 331 are
obtained as complex numbers and stored in the storage unit
37.

[0038] Adata group F, (5=1, 2, .. ., K) illustrated in FIG.
4 is a sample data group to be subjected to FFT processing.
Generally, for execution of FFT processing, the number of
data that the sample data group has needs to be an exponent
of 2. In that sense, the sample data group F (j=1, 2, ..., K-1)
is a normal data group, in which the number of data is 16
(=2*), while the sample data group F, is an abnormal data
group since the number of data therein is 12. When FET
processing is executed on an abnormal data group, process-
ing for generation of a normal sample data group by inser-
tion of zero data worth the deficiency is executed. This point
will be described in detail when processing by the frequency
analysis unit 331 is described (see FIG. 9). Thereafter, as
described already, the frequency analysis unit 331 executes
FET processing, calculates a frequency component V(f, L)
of voltage amplitude, calculates spectral data F(f, L) based
on Equation (1) mentioned above, and outputs the spectral
data F(f, L) to the single regression analysis unit 332.
[0039] FIG. 5 is a diagram illustrating an example of
spectral data calculated by the frequency analysis unit 331.
In FIG. 5, the horizontal axis represents frequency f. Further,
in FIG. 5, the vertical axis represents spectral data F(f, L)
given by Equation (1) above. A straight line L, illustrated
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in FIG. 5 will be described later. In this embodiment, a curve
and a straight line are each formed of a group of discrete
points.

[0040] In spectral data C; illustrated in FIG. 5, a lower
limit frequency f; and an upper limit frequency f,,, which are
used in subsequent arithmetic operations, are parameters
determined based on a frequency band of the ultrasound
transducer 21, a frequency band of the pulse signal trans-
mitted by the transmitting and receiving unit 31, and the like.
Hereinafter, with respect to FIG. 5, a frequency band deter-
mined by the lower limit frequency f; and the upper limit
frequency fy; will be referred to as a “frequency band U”.
[0041] The single regression analysis unit 332 has: an
approximation unit 332a that calculates, by approximating
plural spectral data output from the frequency analysis unit
331 by a straight line, features (hereinafter, referred to as
uncorrected features) of the spectral data; and a attenuation
correction unit 3325 that calculates features by correcting
attenuation dependent on frequency in the uncorrected fea-
tures calculated by the approximation unit 332a.

[0042] By approximating the spectral data by a linear
expression (a regression line) by execution of single regres-
sion analysis on spectral data in a predetermined frequency
band, the approximation unit 332a calculates uncorrected
features characterizing the approximating linear equation.
Single regression analysis is regression analysis where the
number of types of independent variables is only one. An
independent variable of the single regression analysis in this
embodiment is frequency f. For example, when spectral data
are in a state of C, illustrated in FIG. 5, the approximation
unit 332a obtains, by executing single regression analysis in
the frequency band U, the straight line L, that is a regres-
sion line of the spectral data C,. Next, the approximation
unit 332a calculates uncorrected features, which are: a slope
a, and an intercept by, of the straight line L, ,; and a mid-band
fit, co=aof;+b,,, which is a value on the regression line at a
center frequency of the frequency band U (that is, “a
mid-band”), £, ~(f; +1,,)/2. By representation of the spectral
data C, by parameters (the gradient a,, the intercept by, and
the mid-band fit c,) of the linear expression characterizing
the straight line L,, as described above, approximation of
the spectral data C, by a linear expression is achieved.
[0043] Of these three uncorrected features, the slope a,
and the intercept b, are considered to have correlations to the
size of scattering bodies scattering ultrasound, the scattering
intensity of scattering bodies, the number density (concen-
tration) of scattering bodies, and the like. The mid-band fit
¢, provides the intensity of the spectrum at the center of the
effective frequency band. Therefore, the mid-band fit ¢, is
considered to have a certain degree of correlation to bright-
ness of a B-mode image, in addition to the size of scattering
bodies, the scattering intensity of scattering bodies, and the
number density of scattering bodies. Thereafter, the approxi-
mation unit 3324 outputs these uncorrected features a,, by,
and ¢, to the attenuation correction unit 3324. The approxi-
mation unit 332¢ may approximate spectral data by a
polynomial expression of degree 2 or more through regres-
sion analysis.

[0044] Correction executed by the attenuation correction
unit 3325 will now be described. Generally, amplitude of
ultrasound exponentially attenuates. Therefore, when an
amplitude is logarithmically transformed into a decibel
representation, an attenuation A(f, z) caused in a period, in
which ultrasound reciprocates between the reception depth 0
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and the reception depth z, is able to be expressed as a linear
change before and after the reciprocation (a difference in
decibel representation). It is known that this attenuation A(f,
z) of amplitude is dependent on frequency when the obset-
vation target is a living body, and that the attenuation is large
when the frequency is high and the attenuation is small when
the frequency is low. In particular, the attenuation is empiri-
cally known to be proportional to frequency in a uniform
tissue, and is expressed by Equation (2) below.

A(f, 2)=2%zf @

Herein, the proportionality constant , is a quantity called an
attenuation factor. Further, z is the reception depth of
ultrasound, and f is frequency. When the observation target
is a living body, a specific value of the attenuation factor T
is determined according to the region or the tissue in the
living body. In a normal liver, the value is generally 0.55
dB/cm/MHz. In this embodiment, values of the attenuation
factor € are stored in the storage unit 37 beforehand, and the
attenuation correction unit 3325 reads and uses a value of the
attenuation factor € from the storage unit 37, as appropriate.
If the input unit 35 receives input of a region name or a tissue
name of the observation target beforehand from an operator
before transmission of ultrasound by the ultrasound endo-
scope 2, the attenuation correction unit 3326 reads an
appropriate value of the attenuation factor 70 corresponding
to the region name or tissue name, and uses the value in the
following attenuation correction. Further, if the input unit 35
directly receives a value of the attenuation factor € from the
operator, the attenuation correction unit 3325 uses that value
in the following attenuation correction. If the input unit 35
does not receive any input from the operator, the attenuation
correction unit 3326 uses 0.55 dB/cm/MHz mentioned
above, in the following attenuation correction.

[0045] The attenuation correction unit 3326 calculates
corrected features a, b, and ¢ (hereinafter, simply referred to
as the features) by executing attenuation correction accord-
ing to Equations (3) to (5) below, on the uncorrected features
(the slope a,, the intercept b,, and the mid-band fit cy)
extracted by the approximation unit 3324 .

a=ay+2Cz ©)
b=b, 4
c=cotd(fap 2)=cot2Cafa=afartb) (©)

As evident from Equations (3) and (5), the larger the
reception depth z of ultrasound is, the larger the correction
amount of the correction executed by the attenuation cor-
rection unit 3325. Further, according to Equation (4), the
correction related to the intercept is identical transformation.
This is because, the intercept is a frequency component
corresponding to a frequency of 0 (Hz) and is not influenced
by the attenuation.

[0046] FIG. 6 is a diagram illustrating a straight line
having parameters, which are the features a, b, and ¢
calculated by the attenuation correction unit 3325, Where
“I” is a value on the vertical axis of FIG. 6, the equation of
a straight line L, is expressed as follows.

I=afvb=(ag+2C)fth, (6)

As evident from this Equation (6), the straight line L, has,
as compared to the straight line L, before the attenuation
correction, a larger slope (a>a,) and the same intercept
(b=b). Thereafter, the single regression analysis unit 332
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outputs these features a, b, and ¢ that have been subjected to
the atteruation correction, to the estimating unit 333.

[0047] The estimating unit 333 estimates, by using the
feature a and feature ¢, on which the single regression
analysis unit 333 has executed the attenuation correction,
and constants @, f3, v, o, ', and y' stored in the storage unit
37, a number density n and a diameter d, which are practi-
cally common logarithms, log n and log d, that are orders
thereof. Specifically, assuming that the feature a (the slope)
and the feature ¢ (the mid-band fit) have a linear relation to
orders (the number of digit—1) that are approximate values
of the number density n of scattering bodies and the diameter
d of scattering bodies, that is, to log n and log d, the
estimating unit 333 estimates log n and log d, based on
Equation (10) derived from the following Equations (7) and
(8) of the regression plane. The estimating unit 333 outputs
the estimated log n and/or log d as physical quantities or a
physical quantity, to the image processing unit 34.

[0048] Hereinafter, preparation for estimation of unknown
log n and log d from the observation target by the estimating
unit 333 will be described. Firstly, a reference object is
prepared. In this embodiment, plural reference phantoms
artificially made will be described as an example of refer-
ence objects. A reference phantom is formed by: mixture of
many particles serving as scattering bodies into a uniform
medium; and solidification of the mixture. The same mate-
rial is used for the scattering bodies such that their mass
densities, sound velocities, and acoustic impedances are
made equal beforehand. Scattering bodies are sieved such
that the scattering bodies having the same diameter are
sorted out. Further, the scattering bodies are mixed evenly in
the medium such that unevenness is not caused, and the
number density of the scattering bodies in the reference
phantom is also uniform. As described above, the material,
the mass density, the sound velocity, the acoustic impedance,
the diameter, and the number density, of scattering bodies in
a reference phantom are of known values, and are uniform
in the reference phantom. The material, the mass density, the
sound velocity, and the acoustic impedance, of the medium,
are also of known values, and are uniform in the reference
phantom. Accordingly, in a reference phantom, the scatter-
ing bodies and the medium are even and uniform, and thus
the attenuation factor [dB/cm/MHz] of the reference phan-
tom is also uniform. The plural reference phantoms are
generated by change of these parameters.

[0049] Next, features ¢, ¢, Cs, . . . . and ¢,, (mid-band fits)
are obtained based on ultrasound echoes obtained by trans-
mission of ultrasound to N reference phantoms known to
have different combinations of number densities of scatter-
ing bodies and diameters of scattering bodies, (n;, d,), (n,,
d,), (05, ds), . .., and (n,, dy). In the following description,
n, is the number density of scattering bodies of an i-th
reference phantom of the N phantoms, d, is the diameter
thereof, is the attenuation factor thereof, and ¢, is the feature
(the mid-band fit) obtained from this i-th reference phantom
(1=i=N). Influence of attenuation is eliminated from the
feature c, by use of the depth, at which the spectral data of
the i-th reference phantom are calculated and Equation (5),
based on the attenuation factor C, of the i-th reference
phantom, and thus the feature c, is not dependent on the
depth. As a result, N data sets (c,, n,, d,), (c,, 15, d,), (c;5,
ns, ds), ..., and (cu, 0y, dy), each of which is formed of
a number density of scattering bodies, a diameter of the
scattering bodies, and a feature, are obtained.
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[0050] Next, a relation among the number density of
scattering bodies, the diameter of scattering bodies, and the
feature is found from the N data sets. FIG. 7 illustrates an
orthogonal coordinate system having the mid-band fit (fea-
ture ¢), the common logarithm (log n) of the number density
of scattering bodies, and the common logarithm (log d) of
the diameter of scattering bodies, plotted along axes
orthogonal to one another. In this first embodiment, a
regression plane PL of a plot P,(log n,, log d,, ¢,) corre-
sponding to the first reference phantom, a plot P,(log n,, log
d,, ¢,) corresponding to the second reference phantom, a
plot P5(log ns, log ds, ¢;) corresponding to the third refer-
ence phantom, . . . , and a plot P,(log n,, log d,, c,)
corresponding to the N-th reference phantom is found
beforehand by use of the least squares method. The regres-
sion plane PL of the plots P,, P, P;, .. . and P,, with respect
to the feature ¢ is a plane where the sum of squares of
differences (errors) from the plots P, P,, Ps, . . ., and Py,
that is, distances of line segments P P, P,P,", P,P.", . ..
, and PyP,/, is minimized. Herein, P, is a point of inter-
section between a straight line passing the plot P, and
parallel to an axis of interest (herein, the coordinate axis for
the feature ¢) and this plane. Finding the regression plane PL
by use of the least squares method as described above and
performing analysis based on the regression plane PL cor-
responds to multiple regression analysis. Multiple regression
analysis is regression analysis where the number of types of
independent variables is two or more. Independent variables
of the multiple regression analysis in this embodiment are
the diameter d of scattering bodies and the number density
n of scattering bodies.

[0051] Hereinafter, a method of specifically finding the
regression plane PL will be described. Generally, an equa-
tion of a plane is able to be written as a linear equation. Since
the regression plane PL with respect to the feature ¢ illus-
trated in FIG. 7 is in a three-dimensional space, the feature
¢ is able to be written as an equation (Equation (7)) repre-
senting the feature ¢ by a linear combination of the two
variables (log n, log d). Herein, «, {5, and y are constants of
real numbers determining the plane. Finding the regression
plane PL with respect to the feature ¢ is equivalent to finding
the values of «, P, and y. A regression plane PL for the
feature a is also able to be considered, similarly to the feature
¢, and is able to be written as an equation (Equation (8))
representing the feature a by a linear combination of the two
variables (log n, log d). Herein, ', ', and y' are constants of
real numbers determining the plane. Finding the regression
plane PL with respect to the feature a is equivalent to finding
the values of o', p', and y'.

c=a-log n+frlog diy M
a=a-log n +B"log d+y (8)
[0052] From Equations (7) and (8) above, Equation (9)

below is obtained.

e it
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[0053] From Equation (9) above, Equation (10) below is

obtained.

MR HEM

[0054] How the constants a, B, y, ', p', and y' are found
will now be described. Hereinafter, as an example, how the
constants «, f3, and v are found will be described. After the
feature ¢, is obtained from each of the N reference phantoms,
averages over all of the reference phantoms are found
respectively for the number density n,, the diameter d,, and
the feature ¢, of scattering bodies. Thereafter, a matrix G and
a column vector Y represented by Equations (11) and (12)
below are defined. The coefficients o and f of the equation
of the regression plane are able to be obtained by Equation
(13) below defined by Equation (11) below and Equation
(12) below.

G= an
logn) —login logn, —logn ... logny_y —logii logny —logi
logd) —logd logd, —logd ... logdy_, —logd logdy —logd

¢ —C (12)
=T
Y=|c-7
ey —C
o (13)
( ]:(G’G)’IGY
B

[0055] The left superscript “t” therein denotes “transposed
matrix” and the right superscript “~1” denotes “inverse
matrix”.

[0056] Further, since the regression plane PL passes a
point (the centroid of P, P, . .., and P,;) having coordinates
at the averages for the number density n,, the diameter d,,
and the feature ¢, of scattering bodies, from Equation (7),
Equation (14) below is obtained. By substitution of . and o
obtained by Equation (13) above into Equation (14) below,
the constant y is able to be found.

c=an+pd+y (14)

[0057] As described above, by use of the data sets (¢, n,,
d,) (c,, 15, d,) (C5, 15, ds), - . . . and (cy, Dy, dy) related to
the N reference phantoms, the constants a, p, and y of
Equation (7) above are able to be found. As to the constants
o', B, and ' of Equation (8) above, similarly, by use of data
sets (als ny, d—l) ’ (a2a Ny, d2)s (a3s 0, d3) LRI} and (aNs Ny,
d,) related to the N reference phantoms, the constants o', 3!,
and y' are able to be found.

[0058] Hereinbefore, the preparation for estimation of
unknown log n and log d from the observation target by the
estimating unit 333 through determination of the constants
a, B, v, o, B', and y' has been described. The feature ¢ and
feature a of the observation target obtained via the ultra-
sound endoscope 2, as well as log d that is “the number of
digits of the diameter d of scattering bodies in the observa-
tion target—17, and log n that is “the number of digits of the
number density n of these scattering bodies—1" are also
considered to follow the physical trends obtained from the
reference phantoms. Therefore, when a data set (n, d, ¢) from
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the observation target is plotted in FIG. 7, the values are
expected to be estimated to be somewhere on the regression
plane PL. Therefore, this data set (n, d, ¢) satisfies Equation
(7) of the regression plane PL. Similarly, a data set (n, d, a)
from the observation target also satisfies Equation (8). Since
n, d, ¢, and a of the observation target satisfy Equation (7)
and Equation (8), they satisfy Equation (10). Therefore, the
estimating unit 333 estimates log n and log d by substituting
the feature ¢ and feature a from the observation target into
Equation (10) as described above.

[0059] In this embodiment, the above described reception
of the echo signals based on the ultrasound echoes from the
reference phantoms, calculation of the feature ¢ and feature
a, calculation of the N data sets, and calculation of the
constants o, f3, y, o, f', and y' are executed outside the
ultrasound diagnosis device 3. The obtained constants «, f3,
¥, o, f', and y' are stored in a relation information storage
unit 371 built in the storage unit 37, via the input unit 35,
before factory shipment. An important point in this embodi-
ment is that the estimating unit 333 estimates log n and log
d based on the multiple regression analysis method by using
features based on echo signals from reference objects with
known physical quantities.

[0060] With reference back to FIG. 1, the image process-
ing unit 34 has: a B-mode image data generating unit 341
that generates B-mode image data representing amplitude of
an echo signal by brightness; and a physical quantity image
data generating unit 342 (a physical quantity information
generating unit) that generates physical quantity image data
for display of the B-mode image data generated by the
B-mode image data generating unit 341 and the physical
quantities (log n and/or log d) estimated by the estimating
unit 333, in association with visual information, together
with a B-mode image.

[0061] The B-mode image data generating unit 341 gen-
erates the B-mode image data by executing signal process-
ing using known techniques such as gain processing and
contrast processing, on the B-mode reception data received
from the signal processing unit 32, and executing thinning or
the like of data according to a data step width determined
according to an image display range in the display device 4.
The B-mode image is a gray scale image having red (R),
green (G3), and blue (B) values matching one another, the R,
G, and B values being variables when the RGB color system
is adopted as the color space.

[0062] After executing coordinate transformation, by
which the B-mode reception data from the signal processing
unit 32 are rearranged so as to enable correct spatial repre-
sentation of a scanning range, the B-mode image data
generating unit 341 fills in gaps among the B-mode recep-
tion data by executing interpolation processing among the
B-mode reception data, and generates B-mode image data.
The B-mode image data generating unit 341 outputs the
generated B-mode image data to the physical quantity image
data generating unit 342.

[0063] The physical quantity image data generating unit
342 generates the physical quantity image data by superim-
posing the visual information related to the physical quantity
estimated by the estimating unit 333 on each pixel of the
image of the B-mode image data. For a pixel area corre-
sponding to a data amount of one sample data group F, (=1,
2, ..., K) illustrated in FIG. 4, for example, the physical
quantity image data generating unit 342 assigns visual
information related to a physical quantity corresponding to
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a feature of a frequency spectrum calculated from the
sample data group I, The physical quantity image data
generating unit 342 generates physical quantity image data
by associating any one of log n and log d with hue serving
as visual information. The physical quantity image data
generating unit 342 may generate the physical quantity
image data by associating one of log n and/or log d with hue,
and associating the other with contrast. Examples of the
visual information related to the physical quantities include
variables of a color space forming a predetermined color
system, such as, for example, hue, chroma, brightness,
luminance, red (R), green (G), and blue (B).

[0064] Generated as the physical quantity image data
generated by the physical quantity image data generating
unit 342 are physical quantity image data, by which a
physical quantity image of an area according to a region of
interest (ROI) defined by specific depth width, sound ray
width, and the like in the scanning region S illustrated in
FIG. 3 is displayed on the display device 4.

[0065] The control unit 36 is realized by use of’ a general-
purpose processor, such as a CPU, which has arithmetic
operation and controlling functions; a dedicated integrated
circuit, such as an ASIC or an FPGA,; or the like. The control
unit 36 integrally controls the ultrasound diagnosis device 3
by reading information recorded and stored in the storage
unit 37 from the storage unit 37 and executing various types
of arithmetic operation processing related to an operation
method of the ultrasound diagnosis device 3. The control
unit 36 may be configured by use of the general purpose
processor, the dedicated integrated circuit, or the like, which
is common to the signal processing unit 32 and arithmetic
operation unit 33.

[0066] The storage unit 37 stores therein plural features
calculated by the attenuation correction unit 3326 for each
frequency spectrum, and image data generated by the image
processing unit 34. Further, the storage unit 37 has the
relation information storage unit 371 that stores therein the
relational expressions (the constants o, B, v, o', p', and y") for
the estimation processing executed by the estimating unit
333.

[0067] The storage unit 37 stores therein, in addition to the
above, for example, information needed in the amplification
processing (the relation between amplification factor and
reception depth illustrated in FIG. 2), information needed in
the logarithmic transformation processing (as seen in Equa-
tion (1), for example, the values of A and V), information
on a window function needed in the frequency analysis
processing (Hamming, Hanning, Blackman, or the like), and
the like.

[0068] Further, the storage unit 37 stores therein various
programs including an operation program for execution of
the operation method of the ultrasound diagnosis device 3.
The operation program may be recorded in a computer
readable recording medium, such as a hard disk, a flash
memory, a CD-ROM, a DVD-ROM, or a flexible disk, and
widely distributed. The above mentioned various programs
may be obtained by being downloaded via a communication
network. The communication network referred to herein is
realized by, for example, an existing public network, a local
area network (LAN), a wide area network (WAN), or the
like, and may be wired or wireless.

[0069] The storage unit 37 having the above configuration
is realized by use of: a read only memory (ROM) having the
various programs installed therein beforehand; and a random
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access memory (RAM), a hard disk, or the like, storing
therein arithmetic operation parameters, data, and the like
for processing.

[0070] FIG. 8 is a flow chart illustrating an outline of
processing executed by the ultrasound diagnosis device 3
having the above configuration. Firstly, the ultrasound diag-
nosis device 3 receives an echo signal that is a result of
measurement on an observation target by the ultrasound
transducer 21, from the ultrasound endoscope 2 (Step S1).
[0071] The signal amplifying unit 311 that has received
the echo signal from the ultrasound transducer 21 executes
amplification of that echo signal (Step S2). The signal
amplifying unit 311 executes, based on the relation between
the amplification factor and the reception depth illustrated in
FIG. 2, for example, amplification (STC correction) of the
echo signal. Next, the transmitting and receiving unit 31
samples, at an appropriate sampling frequency (for example,
50 MHz) both the amplified echo signal and the original
echo signal that has not been amplified, discretizes the
sampled echo signals, generates RF data A and RF data N
respectively therefrom, and outputs the former to the
B-mode image data generating unit 341, and the latter to the
frequency analysis unit 331.

[0072] Subsequently, the B-mode image data generating
unit 341 generates B-mode image data by using the RF data
A output from the transmitting and receiving unit 31, and
outputs the B-mode image data to the physical quantity
image data generating unit 342 (Step S3). The physical
quantity image data generating unit 342 outputs the B-mode
image data to the display device 4 as is, without processing
the B-mode image data. The display device 4 that has
received the B-mode image data displays thereon a B-mode
image corresponding to the B-mode image data (Step S4).
[0073] Thereafter, the control unit 36 checks which of
“display” and “non-display” of a physical quantity image
has been selected by a user, such as an operator, via a button
or menu of the input unit 35, the button or menu not being
illustrated in the drawings (Step S5). The control unit 36
outputs a physical quantity image generation start command
to each unit forming the arithmetic operation unit 33 if the
control unit 36 confirms that “display” has been selected
(Step S5: Yes). If it is confirmed that “non-display” has been
selected, the physical quantity image generation start com-
mand is not output (Step S5: No). When the units of the
arithmetic operation unit 33 receive the physical quantity
image generation start command, the units execute later
described processing of Step S6 and after. Regardless of the
presence or absence of the physical quantity image genera-
tion start command, the transmitting and receiving unit 31,
the signal amplifying unit 311, the signal processing unit 32,
the B-mode image data generating unit 341, and the physical
quantity image data generating unit 342, of the ultrasound
diagnosis device 3 repeat the above described processing
from Step S1 to Step S4. Therefore, while the user is
specifying, through the input unit 35, “non-display” of the
physical quantity image, the B-mode image is repeatedly
displayed on the display device 4 every time scanning in the
observation target by the ultrasound transducer 21 is
executed.

[0074] If the units of the arithmetic operation unit 33
receive the physical quantity image generation start com-
mand, firstly, the frequency analysis unit 331 calculates
spectral data for all of sample data groups by executing
frequency analysis through FFT processing on the RF data

Oct. 4,2018

N (Step S6: frequency analysis step). FIG. 9 is a flow chart
illustrating an outline of processing executed by the fre-
quency analysis unit 331 at Step S6. Hereinafter, by refer-
ence to the flow chart illustrated in FIG. 9, the frequency
analysis processing will be described in detail.

[0075] Firstly, the frequency analysis unit 331 sets the
counter k for identification of a sound ray to be analyzed, to
ko, (Step S21). This initial value k, is the number for the
rightmost sound ray in the analysis range in FIG. 3.
[0076] Subsequently. the frequency analysis unit 331 sets
the initial value Z%¥, of data position (corresponding to
reception depth) Z® representing a group of a series of data
(a sample data group) obtained for FFT processing (Step
S22). For example, as described above, FIG. 4 illustrates the
case where the 8th data position on the sound ray SR, is set
as the initial value Z®,. This initial value Z%®, is the
shallowest reception depth in the analysis range on the
sound ray SR,.

[0077] Thereafter, the frequency analysis unit 331 obtains
a sample data group (Step S23), and applies a window
function stored in the storage unit 37 to the obtained sample
data group (Step S24). By this application of the window
function to the sample data group, the sample data group is
able to be prevented from becoming discontinuous at a
boundary, and generation of artifacts is able to be prevented.
[0078] Subsequently. the frequency analysis unit 331
determines whether or not the sample data group at the data
position Z® is a normal data group (Step S25). As described
when reference was made to FIG. 4, the number of data that
the sample data group has needs to be equal to an exponent
of 2. Hereinafter, the number of data in a normal sample data
group is assumed to be 2" (where 1 is a positive integer). In
this embodiment, the data position Z* is set to be as close
as possible to the center of the sample data group that Z®
belongs to. Specifically, since the number of data in the
sample data group is 27, Z is set at a 27/2 (=2""")-th
position that is close to the center of that sample data group.
In this case, the sample data group being normal means that
there are 2'~1 (=N) data on a shallower side of the data
position Z® and there are 2"-* (=M) data on a deeper side of
the data position Z%®, In the case illustrated in FIG. 4, the
sample data groups F,, F,, F5, ..., and F,_, are all normal.
In FIG. 4, the case where n=4 (N=7, M=8) is illustrated as
an example.

[0079] As a result of the determination at step S25, if the
sample data group at the data position Z* is normal (step
S25: Yes), the frequency analysis unit 331 proceeds to later
described step S27.

[0080] As a result of the determination at step S25, if the
sample data group at the data position Z# is not normal
(step S25: No), the frequency analysis unit 331 generates a
normal sample data group by inserting zero data worth the
deficiency therein (Step S26). A window function has been
applied to the sample data group determined to be not
normal at Step S25 (for example, the saniple data group F,
in FIG. 4) before the zero data are added thereto. Therefore,
even if the zero data are inserted in the sample data group,
discontinuity is not caused in the data. After step S26, the
frequency analysis unit 331 proceeds to later described step
S27.

[0081] At Step S27, the frequency analysis unit 331 cal-
culates V(f, L), which is a frequency component of ampli-
tude, by executing FFT arithmetic operations by using the
sample data group. Thereafter, the frequency analysis unit
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331 executes logarithmic transformation processing on V(f,
L), and obtains spectral data F(f, L) (Step S27).

[0082] Subsequently, the frequency analysis unit 331
changes the data position Z'® by a step width D (Step S28).
It is assumed that the storage unit 37 stores therein an input
value for the step width D by the operator via the input unit
35 beforehand. In FIG. 4, the case where D-15 is illustrated
as an example. The step width D is desirably made as small
as possible, particularly to be made to match the data step
width used when the B-mode image data generating unit 341
generates the B-mode image data, but if the amount of
arithmetic operations in the frequency analysis unit 331 is
desired to be reduced, a value larger than the data step width
may be set as the step width D.

[0083] Thereafter, the frequency analysis unit 331 deter-
mines whether or not the data position Z® is larger than the
maximum value 2% in the sound ray SR, (Step S29).
This maximum value Z* ____is the deepest reception depth
in the analysis range on the sound ray SR,. If the data
position Z® is larger than the maximum value Z®,____(Step
S29: Yes), the frequency analysis unit 331 increments the
counter k by 1 (Step S30). This means the processing is
shifted to the next sound ray. On the contrary, if the data
position Z® is equal to or less than the maximum value
7% (Step S29: No), the frequency analysis unit 331
returns to Step S23.

[0084] After Step S30, the frequency analysis unit 331
determines whether or not the counter k is larger than the
maximum value k,, . (Step S31). If the counter k is larger
than k. (Step S31: Yes), the frequency analysis unit 331
ends the flow of frequency analysis processing. On the
contrary, if the counter k is equal to or less than the k.
(Step S31: No), the frequency analysis unit 331 returns to
Step S22. This maximum value k,,,, is the number for the
leftmost sound ray in the analysis range.

[0085] As described above, the frequency analysis unit
331 executes a plural number of times of FFT arithmetic
operations by depth for each of (k,,,,—k,+1) sound rays in
the analyzed target region. Results of the FFT arithmetic
operations are stored, together with the reception depths and
the reception directions, in the storage unit 37.

[0086] Default values including the whole scanning range
in FIG. 3 for these four types of values k, k., Z*, and

0% Dmax’
7% are stored beforehand in the storage unit 37, and the
frequency analysis unit 331 executes the processing in FIG.
9 by reading these values as appropriate. When the default
values are read, the frequency analysis unit 331 executes
frequency analysis processing for the whole scanning range.
However, these four types of values ko, k.., 2%, and
Z%  may be changed by input of a region of interest
specified by the user, such as the operator, through the input
unit 35. When the values are changed, the frequency analysis
unit 331 executes frequency analysis processing on only the
region of interest specified and input.
[0087] Subsequently to the above described frequency
analysis processing of Step S6, the single regression analysis
unit 332 calculates uncorrected features of each of plural
sets of spectral data obtained by the frequency analysis unit
331, and calculates features of the set of spectral data by
executing attenuation correction for elimination of influence
of attenuation of ultrasound, on the uncorrected features of
the set of spectral data (Steps S7 to S8).
[0088] At Step S7, by executing single regression analysis
on each of plural sets of spectral data according to positions
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in the analysis range generated by the frequency analysis
unit 331, the approximation unit 3324 calculates uncorrected
features corresponding to the set of spectral data (Step S7).
Specifically, the approximation unit 332« approximates each
set of spectral data by a linear expression by executing single
regression analysis, and calculates the uncorrected features,
which are the slope a,, the intercept b, and the mid-band fit
¢,. For example, the straight line L, illustrated in FIG. 5 is
a regression line obtained by approximation through single
regression analysis on the spectral data C, of the frequency
band U by the approximation unit 332a.

[0089] Subsequently. the attenuation correction unit 3325
calculates features that have been subjected to attenuation
correction by executing attenuation correction by using the
attenuation factor €, on the uncorrected features obtained by
the approximation by the approximation umt 332a on each
set of spectral data, and stores the calculated features in the
storage unit 37 (Step S8). The straight line [, illustrated in
FIG. 6 is an example of a straight line obtained by execution
of attenuation correction processing by the attenuation cor-
rection unit 3325.

[0090] At Step S8, the attenuation correction unit 3325
executes calculation by substituting a data position Z=v,/
(21,,)Dn+Z, obtained by use of the data array of the sound
ray of the ultrasound signal, for the reception depth z in
Bquations (3) and (5) described above. Herein, f,, is the
sampling frequency of data, v, is the sound velocity, D is the
data step width, n, is the number of data steps from the first
data on the sound ray up to the data position of the sample
data group to be processed, and Z,, is the shallowest recep-
tion depth in the analysis range. For example, if the sampling
frequency f,, of data is 50 MHz, the sound velocity v, is
1530 m/sec, and the data step width D is 15 by adoption of
the data array illustrated in FIG. 5, z-0.2295n.+7, (mm)
holds.

[0091] Thereafter, the estimating unit 333 estimates log n
and/or log d that are logarithms of the number density n and
the diameter d, by using: the feature a and the feature ¢ that
have been subjected to the attenuation correction by the
single regression analysis unit 332; and the constants c, f3,
v, o, P, and v' stored in the relation information storage unit
371 (Step S9: estimation step). The estimating unit 333
outputs the estimated log n and/or log d, as physical quan-
tities, to the physical quantity image data generating unit
342.

[0092] The physical quantity image data generating unit
342 generates physical quantity image data by superimpos-
ing visual information (for example, hue) associated with
the physical quantity estimated at Step S9 on each pixel in
the B-mode image data generated by the B-mode image data
generating unit 341 (Step S10: physical quantity information
generating step).

[0093] Thereafter, the display device 4 displays, under
control by the control unit 36, a physical quantity image
corresponding to the physical quantity image data generated
by the physical quantity image data generating unit 342
(Step S11). FIG. 10 is a diagram schematically illustrating
an example of display of a feature image on the display
device 4. A feature image 201 illustrated in FIG. 10 has a
superimposed image display section 202 that displays
thereon an image having visual information superimposed
on a B-mode image, the visual information being related to
a physical quantity, and an information display section 203
that displays thereon identification information of the obser-
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vation target. Information on the physical quantity or fea-
ture, information on an approximation equation, information
on gain and contrast, or the like may be displayed further on
the information display section 203. Further, a B-mode
image corresponding to the physical quantity image may be
displayed beside the physical quantity image.

[0094] Inthe above described flow of processing (Steps S1
to S11), the processing of Steps S2 to S4 and the processing
of Steps S5 to S10 may be executed concurrently.

[0095] 1In the above described flow of processing, the
example where the physical quantities of the observation
target are the diameter of scattering bodies and the number
density of scattering bodies, and the variable transformation
is logarithmic transformation has been described. However,
the embodiment is not limited to this combination, and other
physical quantities may be used, and other variable trans-
formation may be adopted. As long as the truly desired
physical quantity is able to be converted to a variable, to
which a feature linearly changes or gradually changes rela-
tively, estimation is able to be executed by reduction or
approximation of the transformed variable to linear multiple
regression analysis, and the truly desired physical quantity is
able to be estimated to a certain degree. According to this
first embodiment, the order (the number of digits—1) of
each of the diameter of scattering bodies of an observation
target and the number density ofthe scattering bodies is able
to be estimated.

[0096] According to the above described first embodiment
of the disclosure, since the estimating unit 333 estimates log
n and/or log d that are logarithms of the number density n
and the diameter d by using the features calculated by the
single regression analysis unit 332 and the relational expres-
sions (the constants a, f, y, o, f', and y') calculated by use
of the reference phantoms, direct estimation of the number
density and/or size (diameter) of scattering bodies is
enabled. Thereby, without the need for skill, pathological
interpretation is able to be performed easily and infallibly,
the pathological interpretation being determination of a
pathology corresponding to tissue characteristics corre-
sponding to values calculated as features.

[0097] Further, according to the first embodiment of the
disclosure, since the constants . f, y, ', f', and y' are found
based on the features that are from the reference phantoms
and that have been subjected to attenuation correction, the
estimation 1is able to be performed more accurately, inde-
pendently of the differences between the attenuation factors
of the observation target and the reference phantoms.

[0098] By the frequency analysis unit 331 changing k, and
k... determining the sound ray width, and Z®, and Z*___
determining the depth width, according to input of a region
of interest specified by a user, such as an operator, through
the input unit 35; spectral data are able to be calculated for
only the region of interest defined by the specific depth
width and sound ray width specified and input. Therefore,
the amount of arithmetic operations related to the calculation
is able to be decreased, and the frame rate is able to be
increased. In this embodiment, the region of interest is
defined into a fan shape by the depth width and sound ray
width, but not being limited to this example, the region of
interest may be rectangular, elliptical, or of any other shape.
In this case, the single regression analysis unit 332 may set
optimum attenuation factors individually for the set region
of interest and the region outside the region of interest.
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Modified Example of First Embodiment

[0099] Next, a modified example of the first embodiment
of the disclosure will be described. According to the above
description of the first embodiment, the estimating unit 333
estimates log n and/or log d that are logarithms of the
number density n and the diameter d, and the physical
quantity image data generating unit 342 superimposes the
visual information corresponding to log n and/or log d on the
B-mode image, but in this modified example, the arithmetic
operation unit 33 transforms log n and/or log d estimated by
the estimating unit 333 further to n and/or d. FIG. 11 is a
block diagram illustrating a configuration of an ultrasound
diagnosis system la including an ultrasound diagnosis
device according to the modified example of the first
embodiment of the disclosure.

[0100] In the ultrasound diagnosis system la according to
this modified example, in contrast to the above described
configuration of the ultrasound diagnosis system 1 according
to the first embodiment, the arithmetic operation unit 33 of
the ultrasound diagnosis device 3 further includes a variable
transformation unit 334. The variable transformation unit
334 transforms log n and/or log d estimated by the estimat-
ing unit 333, to n and/or d. Specifically, the estimated values
for log n and/or log d are substituted for exponents of 10, for
obtainment of n and/or d. The variable transformation unit
334 outputs the transformed number density n and/or diam-
eter d to the physical quantity image data generating unit
342.

[0101] The physical quantity image data generating unit
342 generates physical quantity image data by superimpos-
ing visual information related to the physical quantities/
quantity (the number density n and/or the diameter d)
transformed by the variable transformation unit 334, on each
pixel of the image of the B-mode image data. The physical
quantity image data generating unit 342 assigns, to a pixel
area corresponding to a data amount of one sample data
group F, (=1, 2, . . ., K) illustrated in FIG. 4, for example,
visual information related to a physical quantity correspond-
ing to a feature of a frequency spectrum calculated from that
sample data group I,

[0102] The display device 4 displays, under control by the
control unit 36, a physical quantity image corresponding to
the physical quantity image data generated by the physical
quantity image data generating unit 342. FIG. 12 is a
diagram schematically illustrating an example of display of
a feature image on the display device 4. A feature image 201
illustrated in FIG. 12 has a superimposed image display
section 202 that displays an image having visual information
superimposed on a B-mode image, the visual information
being related to a physical quantity, and an information
display section 203 that displays thereon identification infor-
mation of the observation target, and the like. In this
modified example, the number density n and/or the diameter
d of scattering bodies transformed by the variable transfor-
mation unit 334 are displayed as physical quantity informa-
tion.

[0103] According to this modified example, since the
number density n and the diameter d of scattering bodies are
displayed as physical quantities by variable transformation
of log n and/or log d estimated by the estimating unit 333,
estimation by use of visual information directly related to
the number density and/or size (diameter) of scattering
bodies is enabled. Thereby, without the need for skill,
pathological interpretation is able to be performed easily and



US 2018/0279999 A1l

infallibly, the pathological interpretation being determina-
tion of a pathology corresponding to tissue characteristics
corresponding to values calculated as features.

[0104] Further, according to this modified example, even
if the number densities n of scattering bodies in the obser-
vation target and reference phantoms and the diameters d of
the scattering bodies are not directly in linear relations to the
features ¢ or the features a, log n and log a that are
approximately in linear relations to the features ¢ or features
a are able to be used. By variable transformation of log n and
log a, for the number density n of scattering bodies and the
diameter d of scattering bodies, which are the truly desired
physical quantities, not only their orders (the number of
digits—1), but also their values themselves are able to be
estimated through reduction to linear multiple regression
analysis.

Second Embodiment

[0105] Next, a second embodiment of the disclosure will
be described. The second embodiment includes a configu-
ration that is the same as the above described configuration
of the ultrasound diagnosis system including the ultrasound
diagnosis device according to the first embodiment. FIG. 1
is common thereto. According to the above description of
the first embodiment, the single regression analysis unit 332
calculates the features a, b, and ¢ by single regression
analysis, but in this embodiment, the single regression
analysis unit 332 calculates the attenuation factor T in
addition to these three features, as features of an observation
target. The attenuation factor { may be calculated by use of,
for example, the above described spectral data F(f, L).
Specifically, the attenuation factor  is found by: a feature a
being found by regression analysis, the feature a being a
slope of a regression line for frequency f of spectral data F(f,
L); a further slope of that found slope with respect to a
reciprocating distance L being found next; and the further
slope being multiplied by -1 further. Further, according to
the above description of the first embodiment, the estimating
unit 333 estimates log n and/or log d that are logarithms of
the number density n and the diameter d, but in this second
embodiment, the estimating unit 333 estimates a scattering
intensity (hereinafter, the scattering intensity being denoted
by “r”), in addition to log n and/or log d that are logarithms
of the number density n and the diameter d. The scattering
intensity referred to herein is the amplitude reflectance of the
scattering bodies and the medium and/or the energy reflec-
tance of the scattering bodies and the medium, and/or a
function of the scattering bodies and the medium. The
scattering intensity is the amplitude reflectance or energy
reflectance, which is defined as follows. Herein, Z denotes
acoustic impedance.

Amplitude reflectance-Z,

tering body+ Ly oo

2 medivoml\ Zscar

cattering body™

_ 2
Energy reﬁectancef\Z;m,,emg bods™ Zmediton VZscarer
ing body+Z.
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[0106] In this second embodiment, the estimating unit 333
estimates log n and log d, which are logarithms of the
number density n and the diameter d, as well as the scat-
tering intensity r, by using: the feature and feature ¢ that
have been subjected to the attenuation correction by the
single regression analysis unit 332 and the attenuation factor
serving as a feature; and the constants o, f, y, 6, o', f, 7', 9§,
", B", v", and §", which are stored in the storage unit 37.
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Specifically, on the assumption that the feature a (the slope),
the feature ¢ (the mid-band fit), and the attenuation factor £
have linear relations to log n, log d, and the scattering
intensity r; the estimating unit 333 estimates log n, log d, and
the scattering intensity r, based on Equation (19) below
derived from Equations (15) to (17) of a regression plane
(that is, a three-dimensional object) in a four-dimensional
space described later. The estimating unit 333 outputs physi-
cal quantities, which are the estimated log n, log d, and/or
scattering intensity r.

c=o-log n+frlog d+y-r+d (15)
a=a"log n+p-log d+y"r+d’ (16)
T=a"log n+p"log d+y”"r+d"” (17
[0107] From Equations (15) to (17) above, Equation (18)

below is obtained.

¢ a B 7Y logm 5 (18)
al=|o B ¥ |logd |+]| ¢
e gy s &

[0108] From Equation (18) above, Equation (19) below is
obtained.
logn a B yY'e § (19)
logd _ a/ ﬂ/ 7/ [a]—[d/
r a// ﬂ// y// é’ \6/’
[0109] How the constants . f, y. 8, o, p', ¥\, &', ", p". y",

and 0" are found will now be described. Hereinafter, how the
constants a, P, y, and § are found will be described as an
example. Each of these constants a, f, y, and d is able to be
obtained by: transmission of ultrasound to a reference phan-
tom; and calculation of a feature ¢ (a mid-band fit) calculated
based on an ultrasound echo obtained, the reference phan-
tom being formed by even mixture, distribution, and solidi-
fication of a material having scattering bodies therein
adjusted in their size (diameter), number density, and scat-
tering intensity, the size (diameter) and the number density
of the scattering bodies being known beforehand, the attenu-
ation factor [dB/cm/MHz] of the reference phantom being
known beforehand to be uniform. In this second embodi-
ment, similarly to the above described first embodiment, by
use of N reference phantoms having different combinations
of scattering body diameters, number densities, and scatter-
ing intensities, the features c are respectively calculated. In
the following description, n, is the number density of scat-
tering bodies of an i-th reference phantom of the N phan-
toms, d, is the diameter thereof, r; is the scattering intensity
thereof, C, is the attenuation factor thereof, and c, is the
feature (the mid-band fit) obtained from this i-th reference
phantom (1<i<N). Influence of attenuation is eliminated
from the feature ¢, by use of the depth, at which the spectral
data of the i-th reference phantom are calculated and Equa-
tion (5), based on the attenuvation factor T, of the i-th
reference phantom, and thus the feature c, is not dependent
on the depth.

[0110] After the feature c, is obtained from each of the N
reference phantoms, averages over all of the reference



US 2018/0279999 A1l

phantoms are respectively found for the number density n ,
the diameter d,, the scattering intensity r;, and the feature ¢,
of scattering bodies. Thereafter, a matrix G and a column
vector Y represented by Equations (20) and (21) below are
defined. The constants ¢, {3, and y of the equation of the
regression plane in the four-dimensional plane are able to be
obtained by Equation (22) below defined by Equations (20)
and (21).

G= 20
logn; —logn logn, —logn ... logny_; —loghn logny —logn
logd, —logd logdy —logd ... logdy_, —logd logdy - logd

r —F ro—F

Iy —F

Py —F

1 -T 20
C2—TC

Y=|c—-¢

@
g
Y

The left superscript “t” therein denotes “transposed matrix”
and the right superscript “~1” denotes “inverse matrix”.

[0111] Further, since the regression plane passes a point
(the centroid) having coordinates at the averages for the
number density n,, the diameter d,, the scattering intensity r,,
and the feature ¢, of scattering bodies, from Equation (15),
Equation (23) below is obtained. By substitution of the
constants o, b, and y obtained from Equation (22) above into
Fquation (23) below, the constant d is able to be found.

=(Ge ey

cc=avlog n+P-log d+y7+d (23)

[0112] As described above, by use of the N reference
phantoms, the constants «, B, v, and § of Equation (15)
above are able to be found. As to the constants o, f', v', and
d' of Equation (16) above, similarly, the constants o', £/,
and &' are able to be found by use of the N reference
phantoms and calculation of the feature a,. Further, as to the
constants &, ", y", and 3" of Equation (17) above, simi-
larly, the constants o.", ", y", and 8" are able to be found by
use of the N reference phantoms, and use of an attenuation
factor €, measured anew or a known attenuation factor C,.
The obtained constants o, 3, v, 9, ', f', v', &', ™, ", v", and
d" are stored in the storage unit 37.

[0113] Thereafter, the feature c, the feature a, and the
attenuation factor C, of the observation target, which have
been obtained through the ultrasound endoscope 2. as well
as log d that is “the number of digits of the diameter d of
scattering bodies in the observation target—17, log n that is
“the number of digits of the number density n of the
scattering bodies—17, and the scattering intensity r of
scattering bodies are also considered to follow the physical
trends obtained from the reference phantoms. Therefore, this
data set (n, d, r, c) satisfies Equation (15) of the regression
plane. Similarly, the data set (n, d, r, a) from the observation
target satisfies Equation (16), and the data set (n, d, r, T) from
the observation target satisfies Equation (17). Since n, d, r,
¢, a, and C of the observation target satisfy Equation (15),
Equations (16), and Equation (17); they satisfy Equation
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(19). Accordingly, the estimating unit 333 estimates log n,
log d, and the scattering intensity r by substituting the
feature ¢ and feature a from the observation target and the
attenuation factor € from the observation target serving as a
feature, into Equation (19), as described above.

[0114] In this second embodiment, the above described
reception of the echo signals based on the ultrasound echoes
from the reference phantoms, calculation of the feature ¢, the
feature a, and the attenuation factor , calculation of the N
data sets, and calculation of the constants at, 3, v, 6, ad0 , ',
¥, &' at, B", y", and 8" are executed outside the ultrasound
diagnosis device 3. The obtained constants a, B, y, 6, o', B,
&, a", p", y", and 9" are stored in the relation information
storage unit 371 built in the storage unit 37, via the input unit
35, before factory shipment.

[0115] The physical quantity image data generating unit
342 generates physical quantity image data by superimpos-
ing visual information related to the physical quantities (log
n, log d, and/or r) transformed by the estimating unit 333, on
each pixel of an image of the B-mode image data. The
physical quantity image data generating unit 342 assigns, to
a pixel area corresponding to a data amount of one sample
data group F, (=1, 2, . . ., K) illustrated in FIG. 4, for
example, visual information related to a physical quantity
corresponding to a feature of a frequency spectrum calcu-
lated from that sample data group F,.

[0116] According to the above described second embodi-
ment of the disclosure, since the estimating unit 333 esti-
mates log n and/or log d that are logarithms of the number
density n and the diameter d, and/or the scattering intensity
1, by using the features calculated by the single regression
analysis unit 332, the attenuation factor, and the relational
expressions (the constants «, f8, v, 9, o, B, &', a", ", y",
and 0") calculated by use of the reference phantoms; the
number density, the size (the diameter), and/or the scattering
density of scattering bodies are able to be directly estimated.
Thereby, without the need for skill, pathological interpreta-
tion is able to be performed easily and infallibly, the
pathological interpretation being determination of a pathol-
ogy corresponding to tissue characteristics corresponding to
values calculated as features.

[0117] Further, according to the second embodiment of the
disclosure, since the constants o, f, v, 8, o, f', v 8', ", ",
y", and §" are found based on the features that are from the
reference phantoms and that have been subjected to attenu-
ation correction; independently of the differences between
the attenuation factors of the observation target and the
reference phantoms, the log n that is “the number of digits
of the number density n of scattering bodies—17, log d that
is “the number of digits of the diameter d of scattering
bodies—17, and/or the scattering intensity r are able to be
estimated more accurately.

[0118] According to the above description of the second
embodiment, the attenuation factor  is used as a physical
quantity, but not being limited thereto, the variance of the
feature a or c, the average frequency weighted by the
spectral data, or the sound velocity may be used as a physical
quantity. The sound velocity is estimated from a delay time
of a received voltage for each element in a case where: the
ultrasound transducer 21 having plural elements provided in
an array is configured to be caused to perform electronic
scanning; the transmitting and receiving unit 31 has a
multi-channel circuit for beam combination corresponding
to the plural elements; and conditions of focus of the echo
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signal from the ultrasound transducer 21 are the best.
Further, the average frequency is given by Equation (24)
below (1=q<N; N, being an integer larger than 1).

Average Frequency=(UN)-2 fF(f,L) (24)

Herein, 2 f F(f,, L) represents weighted addition of spec-
tral intensities.

[0119] In the above described flow of processing, the
example, where physical quantities of the observation target
are the diameter of scattering bodies and the number density
of scattering bodies, in addition to the scattering intensity of
scattering bodies, and variable transformation is logarithmic
transformation, has been described. However, not being
limited to this combination, other physical quantities may be
used, and other variable transformation may be adopted. As
long as the truly desired physical quantity is able to be
transformed to a variable, to which a feature linearly
changes or gradually changes relatively; estimation is able to
be executed by reduction or approximation of the trans-
formed variable to linear multiple regression analysis and
the truly desired physical quantity is able to be estimated to
a certain degree. According to this second embodiment, the
order (the number of digits—1) of each of the diameter of
scattering bodies and the number density of scattering
bodies, of the observation target, is able to be estimated.

Third Embodiment

[0120] Next, a third embodiment of the disclosure will be
described. According to the above description of the first
embodiment, the constants a, f, y, o', f', and ' based on
ultrasound echoes from the reference phantoms are calcu-
lated, not in the ultrasound diagnosis device, but outside the
ultrasound diagnosis device, and are stored beforehand in
the relation information storage unit 371; but in this third
embodiment, an ultrasound diagnosis system 1b is config-
ured to be able to calculate the constants o, f3, v, ', f', and
y'. FIG. 13 is a block diagram illustrating a configuration of
an ultrasound diagnosis system including an ultrasound
diagnosis device according to the third embodiment of the
disclosure.

[0121] In the ultrasound diagnosis system Ib according to
this third embodiment, in contrast to the above described
configuration of the ultrasound diagnosis system 1 according
to the first embodiment, the ultrasound diagnosis device 3
further includes a variable transformation unit 38 and a
multiple regression analysis unit 39.

[0122] Further, the variable transformation unit 38 obtains
the number density n, and diameter d, of scattering bodies of
the N reference phantoms and the attenuation factor ¢,, via
the input unit 35 or the storage unit 37 (1<i<N). The variable
transformation unit 38 obtains log n, and log d, by trans-
forming the obtained number density n, and diameter d, to
logarithms. The variable transformation unit 38 outputs log
n,, log d,, and the attenuation factor C,, to the storage unit 37.
This processing is executed for all of the N reference
phantoms.

[0123] Next, the ultrasound transducer 21 transmits ultra-
sound to an i-th reference phantom, of the N reference
phantoms. Thereafter, the transmitting and receiving unit 31,
the frequency analysis unit 331, and the single regression
analysis unit 332 execute processing similar to the process-
ing executed on the echo signal from the observation target
in the first embodiment, on an echo signal from the i-th
reference phantom. The ultrasound diagnosis system 1b thus
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calculates a feature c,, and a feature a,, based on an ultra-
sound echo from the i-th reference phantom (1<i<N). In the
calculation, the attenuation correction unit 3325 eliminates
influence of attenuation from the feature ¢, and the feature
a, beforehand, by: obtaining the attenuation factor €, of the
i-th reference phantom from the storage unit 37; using the
depth, at which the spectral data of the i-th reference
phanton have been calculated, Equation (3), and Equation
(5); and correcting the attenuation. Since the attenuation is
uniform in the reference phantom, these feature ¢, and
feature a, are not dependent on the depth. The single regres-
sion analysis unit 332 then outputs the feature ¢, and feature
a, of scattering bodies of the i-th reference phantom, to the
storage unit 37. The ultrasound diagnosis system 15
executes this processing on all of the N reference phantoms.
[0124] The multiple regression analysis unit 39 obtains
log n,, log d,, the feature c,, and the feature a, for all of the
N reference phantoms from the storage unit (1=i<N). The
multiple regression analysis unit 39 then finds averages over
all of the N reference phantoms respectively for the number
density n,, diameter d,, feature c,, and feature a, of scattering
bodies. Thereafter, the multiple regression analysis unit 39
finds the constants a, f3, y, o', p', and y' of Equations (7) and
(8) above by using Equations (11) to (14) above by the same
arithmetic operation method as the first embodiment. The
multiple regression analysis unit 39 outputs the found con-
stants @, f, v, o', p', and ' or relational expressions to the
relation information storage unit 371. The relation informa-
tion storage unit 371 stores therein the received constants o,
B, v, o, P, and ' or relational expressions. The above
described processing up to the storage of the constants a, f3,
v, o, B!, and y' or relational expressions in the relation
information storage unit 371 is executed before transmission
of ultrasound to an observation target, desirably upon fac-
tory shipment. Thereafter, transmission of ultrasound to the
observation target is executed.

[0125] When the input unit 35 receives input of an instruc-
tion for instructing scanning of an observation target, trans-
mission of ultrasound to the observation target is started, and
the transmitting and receiving unit 31 receives an echo
signal from the ultrasound transducer 21. Thereafter, the
transmitting and receiving unit 31, the frequency analysis
unit 331, and the single regression analysis unit 332 execute
processing similar to that in the first embodiment, on the
echo signal from the observation target. Based on the
ultrasound echo from the observation target, the single
regression analysis unit 332 thus calculates a feature ¢ and
a feature a of the observation target, for which attenuation
has been corrected appropriately by the attenuation correc-
tion unit 3324 , and outputs them to the estimating unit 333.
Processing by the estimating unit 333 and the physical
quantity image data generating unit 342 is similar to that in
the above described first embodiment.

[0126] According to the above described third embodi-
ment, the above described effects of the first embodiment are
able to be obtained, and since the constants o, 8, v, o', p', and
vy are found in the ultrasound diagnosis device 3, in a case
where an ultrasound endoscope having a new ultrasound
transducer has been added, or a reference phantom has been
added, update is able to be executed device by device.
[0127] Further, according to the third embodiment of the
disclosure, the constants a, B, Y, o', ', and y' are found in the
ultrasound diagnosis device 3. Therefore, even if a property,
such as transmission and reception sensitivity, differs among
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ultrasound transducers, calculation of the constants o, f, ¥,
o', f', and ' per body of ultrasound transducers is facilitated,
and correspondingly to each ultrasound transducer, regard-
less of variation thereof, the number density n of scattering
bodies, its logarithm log n, the diameter d of scattering
bodies, and its logarithm log d are able to be estimated more
accurately and easily.

[0128] Further, even if properties of the ultrasound trans-
ducer change over time, periodic calculation of the constants
a, B, v, o, B, and y' is facilitated, and regardless of the
change over time, the estimation is able to be executed more
accurately.

[0129] Further, according to the third embodiment of the
disclosure, since the constants . f, y, ', f', and y" are found
based on the features that are from the reference phantoms
and that have been subjected to attenuation correction, log n
and log d are able to be estimated more accurately, inde-
pendently of the differences between the attenuation factors
of the observation target and the reference phantoms.
[0130] Further, according to the third embodiment of the
disclosure, even if the number density n, of scattering bodies
of a reference phantom or the diameter d, of the scattering
bodies does not directly have a linear relation to the feature
c; or a, log n, or log d, that has a substantially linear relation
to the feature c, or a, is able to be used. Imaging of
information on the number density n of scattering bodies and
the diameter d of scattering bodies of the observation target,
which are the truly desired physical quantities, are able to be
realized by reduction to linear multiple regression analysis.
[0131] The variable transformation unit 38 and the mul-
tiple regression analysis unit 39 according to the third
embodiment may be applied to the above described modified
example of the first embodiment or second embodiment.

Fourth Embodiment

[0132] Next, a fourth embodiment of the disclosure will be
described. According to the above description of the first
embodiment, the relation information storage unit 371
stored therein the constants o, f, v, ', ', and y' or relational
expressions beforehand, but in this fourth embodiment, the
relation information storage unit 371 stores therein a lookup
table (LUT) that is able to output a physical quantity
according to a feature value. FIG. 14 is a block diagram
illustrating a configuration of an ultrasound diagnosis sys-
tem including an ultrasound diagnosis device according to
the fourth embodiment of the disclosure.

[0133] In an ultrasound diagnosis system lc according to
this fourth embodiment, in contrast to the above described
configuration of the ultrasound diagnosis system 1 according
to the first embodiment, the relation information storage unit
371 stores therein an LUT 371a. FIG. 15 is a diagram for
explanation of a lookup table stored in the ultrasound
diagnosis device according to the fourth embodiment of the
disclosure. FIG. 15 illustrates, as an example, a lookup table
for output of, as a physical quantity, log n that is a logarithm
of the number density n of scattering bodies, by input of
features a and c.

[0134] Where the LUT 371a is a lookup table for output
of log n, for example, the LUT 371a is generated by:
calculation of each of log n and log d by Equation (10) above
based on the constants ¢, f, y, o', p', and y' obtained by the
above described multiple regression analysis and plural
provisional features a and ¢ extracted at predetermined
intervals; and substitution of a value of log n into each cell
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with the vertical axis being the provisional feature ¢ and the
horizontal axis being the provisional feature a. For log d,
similarly, based on the constants a., f, v, o', ', and y' and the
provisional features a and ¢, a lookup table for output of log
n is able to be generated. The LUT 371a may be generated
in the ultrasound diagnosis device 3; the LUT 371a gener-
ated by an arithmetic operation device outside the ultrasound
diagnosis device 3 may be obtained; or the LUT 371a may
be obtained via a network. When the lookup table is gen-
erated, a feature ¢, a feature a , and an attenuation factor g,
of N reference phantoms are used (1<i=N). The look-up
table is generated after influence of attenuation is eliminated
from these features by use of: the attenuation factors; the
depths, at which the spectral data of the reference phantoms
have been calculated; Equation (5); and Equation (3), such
that the features are not dependent on the depth.

[0135] The relation information storage unit 371 stores
therein, as LUTs 371a , a lookup table for output of log n,
and a look-up table for output of log d. When the estimating
unit 333 receives the features a and ¢ from the single
regression analysis unit 332, the estimating unit 333 rounds,
for example, the first decimal place of the feature a and the
second decimal place of the feature c. Thereafter, when
outputting log 1, the estimating unit 333 reads and refers to
the lookup table for output of log n from the relation
information storage unit 371, and estimates log n. Further,
when outputting log d, the estimating unit 333 reads and
refers to the lookup table for output of log d from the relation
information storage unit 371, and estimates log d.

[0136] According to the above described fourth embodi-
ment of the disclosure, the above described effects of the
first embodiment are able to be obtained, and the processing
time needed for calculation of physical quantities is able to
be shortened.

[0137] Further, according to the fourth embodiment of the
disclosure, when a lookup table is generated, the lookup
table is generated after influence of attenuation has been
eliminated from features of reference phantoms and the
features are made to be not dependent on depth; and thus
there is no need for lookup tables to be prepared for different
depths, the amount of data is small, and the processing is
simple.

[0138] Further, in the above described modified example
of the first embodiment, or second embodiment, the LUT
371a according to this fourth embodiment may be stored.
[0139] Thus far, modes for implementation of the disclo-
sure have been described, but the disclosure is not to be
limited only to the above described embodiments. For
example, an ultrasound diagnosis device may be configured
by connection of circuits having the functions via a bus, or
may be configured such that some of the functions are built
in a circuit structure of the other functions.

[0140] Further, according to the above description of the
first to fourth embodiments, the size of scattering bodies is
the diameter, but the size may be the radius or volume.
[0141] Further, according to the above description of the
first to fourth embodiments, the example of the reference
object is a reference phantom having scattering bodies
mixed uniformly in a medium, for which the material, mass
density, sound velocity, and acoustic impedance are known;
the material, mass density, sound velocity, acoustic imped-
ance, diameter, and number density of the scattering bodies
also being known. However, any target, which has scattering
bodies with known physical quantities, such as the diameter
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of the scattering bodies, the scattering intensity of the
scattering bodies, and the number density of the scattering
bodies, and in which the scattering bodies are uniformly
distributed, may be used instead as the reference phantom.
For example, as long as the physical quantities are known or
are able to be measured accurately, a particular tissue, such
as that of the liver of an animal, may be used.

[0142] Further, in the above description of the first to
fourth embodiments, the number density n of scattering
bodies, the diameter d of scattering bodies, and the scatter-
ing intensity r of scattering bodies are given as an example
of the physical quantities. Furthermore, the slope a of the
spectrum, the intercept b of the spectrum, the mid-band fit ¢
of the spectrum, and the attenuation factor T are given as an
example of the features. However, the physical quantities or
the features may be a part of these or all of these. Further,
the physical quantities or the features may be other physical
quantities or features. For example, a quantity representing
a shape of scattering bodies, or, for example, a fractal
dimension representing atypism may be used. Moreover, as
a physical quantity, for example, a dispersion of a distribu-
tion of diameters of scattering bodies may be used. A sound
velocity or a mass density may be used as a feature.

[0143] Further, in the above described first to fourth
embodiments, when the number of physical quantities esti-
mated by the estimating unit 333 is plural, the plural
physical quantities may be displayed concurrently on the
display device 4, may be sequentially displayed in turn
according to input of instructions through the input unit 35,
or may be displayed at different timings (frames).

[0144] Further, according to the above description of the
first to fourth embodiments, the ultrasound endoscope 2
having an optical system, such as a light guide, is used as the
ultrasound probe, but the ultrasound probe is not limited to
the ultrasound endoscope 2, and may be an ultrasound probe
not having an imaging optical system and an imaging
element. Furthermore, an ultrasound miniature probe with-
out an optical system and having a small diameter may be
applied as the ultrasound probe. The ultrasound miniature
probe is normally inserted in a biliary tract, a bile duct, a
pancreatic duct, a trachea, a bronchus, a urethra, or a ureter,
and is used for observation of organ/organs therearound (a
pancreas, lungs, a prostate, a bladder, a lymph node, and/or
the like).

[0145] Further, an external ultrasound probe that emits
ultrasound from a body surface of an observation target may
be applied as the ultrasound probe. The external ultrasound
probe is normally used by directly being contacted with the
body surface when an abdominal organ (a liver, gallbladder,
or bladder), breasts (mammary glands, in particular), or a
thyroid gland is/are observed. Further, the ultrasound trans-
ducer may be a linear transducer, a radial transducer, or a
convex transducer. If the ultrasound transducer is a linear
transducer, its scanning region is rectangular (rectangular or
square), and if the ultrasound transducer is a radial trans-
ducer or a convex transducer, its scanning region is fan-
shaped or toric. Further, in the ultrasound endoscope, the
ultrasound transducer may be made to perform scanning
mechanically; or plural elements may be provided in an
array as the ultrasound transducer, and may be made to
perform scanning electronically by electronic change of
elements related to transmission and reception or insertion
of delay in transmission and reception by the elements.
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[0146] Some embodiments have an effect of enabling easy
and accurate determination of tissue characteristics based on
features.
[0147] As described hereinbefore, an ultrasound diagnos-
tic device, an operation method of the ultrasound diagnosis
device, and an operation program for the ultrasound diag-
nosis device, according to the disclosure, are useful for easy
and accurate identification of tissue characteristics based on
features.
[0148] Additional advantages and modifications will read-
ily occur to those skilled in the art. Therefore, the disclosure
in its broader aspects is not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.
What is claimed is:
1. An ultrasound diagnosis device comprising: a control-
ler, wherein
the controller is configured to:
calculate a feature related to an ultrasound signal, based
on the ultrasound signal received from an observa-
tion target;

estimate a physical quantity of scattering bodies
included in the observation target, by using: a rela-
tion derived based on a known physical quantity of
an object and a feature obtained from the object, the
object including scattering bodies having the known
physical quantity; and the calculated feature of the
observation target; and

generate information to be displayed on a display, the
information including a result of the estimation.

2. The ultrasound diagnosis device according to claim 1,
wherein the physical quantity includes at least one of a
number density of the scattering bodies included in the
object, a size of the scattering bodies, and a scattering
intensity of the scattering bodies.

3. The ultrasound diagnosis device according to claim 1,
wherein the controller is configured to estimate the physical
quantity of the scattering bodies included in the observation
target by substituting the calculated feature into a relational
expression serving as the relation.

4. The ultrasound diagnosis device according to claim 3,
further comprising:

a memory configured to store therein at least one of: the
relational expression; a coeflicient of the relational
expression; a constant term of the relational expression;
and a table describing therein the relation, wherein

the controller is configured to estimate the physical quan-
tity of the scattering bodies included in the observation
target, by referring to the memory.

5. The ultrasound diagnosis device according to claim 3,
wherein the relational expression is derived by multiple
regression analysis of at least a part of the physical quantity
and the feature.

6. The ultrasound diagnosis device according to claim 5,
wherein if the known physical quantity of the scattering
bodies includes a number density of the scattering bodies
and a size of the scattering bodies, the multiple regression
analysis is executed by non-linear transformation of the
number density of the scattering bodies and the scattering
bodies.
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7. The ultrasound diagnosis device according to claim 1,
wherein the feature includes a frequency feature calculated
based on the ultrasound signal.

8. The ultrasound diagnosis device according to claim 1,
wherein the featre includes an attenuation factor calculated
based on the ultrasound signal.

9. The ultrasound diagnosis device according to claim 1,
wherein the feature includes a sound velocity calculated
based on the ultrasound signal.

10. The ultrasound diagnosis device according to claim 1,
wherein the controller is configured to generate image data
added with visual information according to the estimated
physical quantity.

11. The ultrasound diagnosis device according to claim 1,
wherein if the controller estimates plural physical quantities
different from one another, the controller is configured to
generate the information displayed on the display concur-
rently, sequentially, or at different timings, for the plural
physical quantities.

12. The ultrasound diagnosis device according to claim 6,
wherein the controller is further configured to execute, on at
least one of the number density of the scattering bodies that
has been subjected to the non-linear transformation and the
size of the scattering bodies that has been subjected to the
non-linear transformation, further non-linear transforma-
tion.

13. The ultrasound diagnosis device according to claim 1,
wherein the controller is further configured to:

correct influence of attenuation in the feature calculated

based on the ultrasound signal received from the obser-
vation target; and

estimate the physical quantity of the scattering bodies

included in the observation target by using: a relation
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derived based on the known physical quantity of the
object including the scattering bodies having the
known physical quantity and a value resulting from
correction of influence of attenuation in the feature
obtained from the object; and a value of the corrected
feature of the observation target.

14. An operation method of an ultrasound diagnosis
device, the operation method including:

calculating a feature related to an ultrasound signal, based

on the ultrasound signal received from an observation
target; and

estimating a physical quantity of scattering bodies

included in the observation target, by using: a relation
derived based on a known physical quantity of an
object and a feature obtained from the object, the object
including scattering bodies having the known physical
quantity; and the calculated feature of the observation
target.

15. A non-transitory computer-readable recording
medium with an executable program stored thereon, the
program operating an ultrasound diagnosis device, the pro-
gram causing the ultrasound diagnosis device to execute:

calculating a feature related to an ultrasound signal, based

on the ultrasound signal received from an observation
target; and

estimating a physical quantity of scattering bodies

included in the observation target, by using: a relation
derived based on a known physical quantity of an
object and a feature obtained from the object, the object
including scattering bodies having the known physical
quantity; and the calculated feature of the observation
target.
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