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7) ABSTRACT

An ultrasound observation device includes a controller. The
controller is configured to: calculate feature data of an
ultrasound signal by analyzing the ultrasound signal; divide
an area of interest preliminarily set on an ultrasound image
into a plurality of sections; and set an attenuation rate for
each of the sections; correct the attenuation rate in a range
including at least a boundary between adjacent sections in a
manner smoothly changing across the adjacent sections; and
perform attenuation correction on the feature data using the
corrected attenuation rate to calculate correction feature
data.
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ULTRASOUND OBSERVATION DEVICE,
METHOD OF OPERATING ULTRASOUND
OBSERVATION DEVICE, AND
COMPUTER-READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2016/087836 filed on
Dec. 19, 2016 which designates the United States, incorpo-
rated herein by reference, and which claims the benefit of
priority from Japanese Patent Applications No. 2015-
252210, filed on Dec. 24, 2015, incorporated herein by
reference.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an ultrasound
observation device observing tissue of an observed target
using ultrasound, a method of operating the ultrasound
observation device, and a computer-readable recording
medium.

2. Related Art

[0003] In the related art, such a technique for ultrasound
observation devices observing tissue as an observed target
using ultrasound is known that provides correction on a
received signal so as to compensate frequency dependent
attenuation occurring in live body tissue (for example, see
Japanese Patent Application Laid-open No. 2010-246640).
This technique forms an ultrasound image using a received
signal generated in a manner sequentially performing
dynamic correction processing and pulse compression pro-
cessing on a reflection wave from a subject based on the
depth of a receiving point.

SUMMARY

[0004] In some embodiments, an ultrasound observation
device includes a controller. The controller is configured to:
calculate feature data of an ultrasound signal by analyzing
the ultrasound signal; divide an area of interest preliminarily
set on an ultrasound image into a plurality of sections; and
set an attenuation rate for each of the sections; correct the
attenuation rate in a range including at least a boundary
between adjacent sections in a manner smoothly changing
across the adjacent sections; and perform attenuation cor-
rection on the feature data using the corrected attenuation
rate to calculate correction feature data.

[0005] In some embodiments, provided is a method of
operating an ultrasound observation device. The method
includes: calculating, by a controller, feature data of an
ultrasound signal by analyzing the ultrasound signal; divid-
ing, by the controller, an area of interest preliminarily set on
an ultrasound image into a plurality of sections and setting
an attenuation rate for each of the sections; correcting, by the
controller, the attenuation rate in a range including at least
a boundary between adjacent sections in a manner smoothly
changing across the adjacent sections; and performing, by
the controller, attenuation correction on the feature data
using the corrected attenuation rate to calculate correction
feature data.

Oct. 25,2018

[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 observation device. The program causes the
ultrasound observation device to execute: calculating, by a
controller, feature data of an ultrasound signal by analyzing
the ultrasound signal; dividing, by the controller, an area of
interest preliminarily set on an ultrasound image into a
plurality of sections and setting an attenuation rate for each
of the sections; correcting, by the controller, the attenuation
rate in a range including at least a boundary between
adjacent sections in a manner smoothly changing across the
adjacent sections; and performing, by the controller, attenu-
ation correction on the feature data using the corrected
attenuation rate to calculate correction feature data.

[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 that illustrates a func-
tional configuration of an ultrasound diagnosis system hav-
ing an ultrasound observation device according to a first
embodiment of the disclosure;

[0009] FIG. 2 is a drawing that illustrates relation between
a receiving depth and an amplification rate in amplification
processing performed by a signal amplification unit of the
ultrasound observation device according to the first embodi-
ment of the disclosure;

[0010] FIG. 3 is a drawing that illustrates relation between
a receiving depth and an amplification rate in amplification
correction processing performed by an amplification correc-
tion unit of the ultrasound observation device according to
the first embodiment of the disclosure;

[0011] FIG. 4 is a drawing that schematically illustrates a
data array on a sound ray of an ultrasound signal,

[0012] FIG. 5 is a drawing that illustrates an exemplary
frequency spectrum calculated by a frequency analysis unit
of the ultrasound observation device according to the first
embodiment of the disclosure;

[0013] FIG. 6 is a drawing that schematically illustrates
exemplary arrangement of sections divided in an area of
interest in a display area of an ultrasound image;

[0014] FIG. 7 is a drawing that illustrates a straight line
having preliminary correction feature data corrected by an
attenuation rate setting unit of the ultrasound observation
device according to the first embodiment of the disclosure as
parameters;

[0015] FIG. 8 is a drawing that schematically illustrates
exemplary distributions of preliminary correction feature
data having undergone attenuation correction based on two
different attenuation rate candidate values for the same
observed target;

[0016] FIG. 9 is a drawing that illustrates an overview of
correction processing performed by an attenuation rate cor-
rection unit of the ultrasound observation device according
to the first embodiment of the disclosure;

[0017] FIG. 10 is a flowchart that illustrates an overview
of processing performed by the ultrasound observation
device according to the first embodiment of the disclosure;
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[0018] FIG. 11 is a flowchart that illustrates an overview
of processing performed by the frequency analysis unit of
the ultrasound observation device according to the first
embodiment of the disclosure;

[0019] FIG. 12 is a drawing that illustrates an overview of
processing performed by the attenuation rate setting unit of
the ultrasound observation device according to the first
embodiment of the disclosure;

[0020] FIG. 13 is a drawing that illustrates an overview of
correction processing performed by the attenuation rate
correction unit of the ultrasound observation device accord-
ing to a modification of the first embodiment of the disclo-
sure;

[0021] FIG. 14 is a block diagram that illustrates a func-
tional configuration of an ultrasound diagnosis system hav-
ing an ultrasound observation device according to a second
embodiment of the disclosure;

[0022] FIG. 15 is a drawing that illustrates exemplary
feature data (feature data before smoothing) calculated by a
feature data calculation unit of the ultrasound observation
device according to the second embodiment of the disclo-
sure;

[0023] FIG. 16 is a drawing that illustrates exemplary
feature data having undergone smoothing processing by a
smoothing unit of the ultrasound observation device accord-
ing to the second embodiment of the disclosure;

[0024] FIG. 17 is a flowchart that illustrates an overview
of processing performed by the ultrasound observation
device according to the second embodiment of the disclo-
sure;

[0025] FIG. 18 is a block diagram that illustrates a func-
tional configuration of an ultrasound diagnosis system hav-
ing an ultrasound observation device according to a different
embodiment; and

[0026] FIG. 19 is a flowchart that illustrates an overview
of processing performed by the ultrasound observation
device according to the different embodiment.

DETAILED DESCRIPTION

[0027] Embodiments of the disclosure (hereinafter
referred to as “embodiments™) will now be described with
reference to the accompanying drawings.

First Embodiment

[0028] FIG. 1 is a block diagram that illustrates a func-
tional configuration of an ultrasound diagnosis system hav-
ing an ultrasound observation device according to a first
embodiment of the disclosure. An ultrasound diagnosis
system 1 illustrated in FIG. 1 includes an ultrasound endo-
scope 2 transmitting ultrasound to a subject as an observed
target and receiving ultrasound reflected on the subject, an
ultrasound observation device 3 generating an ultrasound
image based on an ultrasound signal acquired by the ultra-
sound endoscope 2, and a display device 4 displaying the
ultrasound image generated by the ultrasound observation
device 3.

[0029] The ultrasound endoscope 2 has, at its distal end,
an ultrasound transducer 21 that converts an electrical pulse
signal received from the ultrasound observation device 3 to
an ultrasound pulse (acoustic pulse) and radiates the pulse
on the subject and further converts an ultrasound echo
reflected on the subject to an electrical echo signal repre-
senting the ultrasound echo in voltage variations and outputs
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the echo signal. Any one of a convex-type transducer, a
linear-type transducer, and a radial-type transducer can be
used for the ultrasound transducer 21. The ultrasound endo-
scope 2 may have the ultrasound transducer 21 mechanically
scan or may have the ultrasound transducer 21 having a
plurality of elements arranged in arrays electronically scan
by electronically switching between the elements relating to
transmission and receipt and delaying transmission and
receipt by the elements.

[0030] The ultrasound endoscope 2 usually has an imaging
optical system and imaging elements. The ultrasound endo-
scope 2 is inserted into the digestive tract (the esophagus, the
stomach, the duodenum, and the large intestine) or the
respiratory organ (the trachea and the bronchi) of a subject
and is capable of capturing images of the digestive tract, the
respiratory organ, and the peripheral organs (the pancreas,
the gallbladder, the bile ducts, the biliary tract, the Iymph
nodes, the mediastinum organs, blood vessels, and others).
The ultrasound endoscope 2 further has a light guide guiding
illumination light radiated on the subject in imaging. The
light guide has its distal end reach the distal end of an
insertion unit inserted to the subject of the ultrasound
endoscope 2 and has its proximal end connected to a light
source device to generate illumination light.

[0031] The ultrasound observation device 3 includes a
transmission and receipt unit 31, a signal processing unit 32,
an arithmetic unit 33, an image processing unit 34, an input
unit 35, a control unit 36, and a storage unit 37.

[0032] The transmission and receipt unit 31 is electrically
connected to the ultrasound endoscope 2 and transmits a
transmission signal (a pulse signal) as a high-voltage pulse
to the ultrasound transducer 21 in a desired waveform at a
desired transmission timing. The transmission and receipt
unit 31 further receives an echo signal as an electrical
received signal from the ultrasound transducer 21, generates
data (hereinafter referred to as RF data) of a digital radio-
frequency (RF) signal, and outputs the data. The transmis-
sion and receipt unit 31 further has a signal amplification
unit 311 amplifying an echo signal. The signal amplification
unit 311 performs sensitivity time control (STC) correction
that amplifies an echo signal having a larger receiving depth
at a higher amplification rate.

[0033] FIG. 2 is a drawing that illustrates relation between
a receiving depth and an amplification rate in amplification
processing performed by the signal amplification unit 311. A
receiving depth z illustrated in FIG. 2 is an amount calcu-
lated based on a time elapsed since a start of receiving
ultrasound. As illustrated in FIG. 2, an amplification rate f3
(dB) linearly increases from f, to f,;, >p,) with an increase
in the receiving depth z when the receiving depth z is smaller
than a threshold z,,. The amplification rate § (dB) takes a
constant value B, when the receiving depth z is equal to or
greater than the threshold z,,,. The threshold z,,, is a value at
which an ultrasound signal received from the observed
target mostly attenuates and noise becomes dominant. In
general, the amplification rate  may regularly increase with
an increase in the receiving depth z when the receiving depth
7 is smaller than the threshold z,,,. The relation illustrated in
FIG. 2 is preliminarily stored in the storage unit 37.
[0034] The transmission and receipt unit 31 performs
processing such as filtering on the echo signal amplified by
the signal amplification unit 311, generates RF data in the
time domain by A/D conversion, and outputs the data to the
signal processing unit 32 and the arithmetic unit 33. If the
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ultrasound endoscope 2 is configured such that the ultra-
sound transducer 21 having a plurality of elements arranged
in arrays electronically scans, the transmission and receipt
unit 31 has a multi-channel circuit for beam formation for
the elements.

[0035] The bandwidth of a pulse signal transmitted from
the transmission and receipt unit 31 may be sufficiently wide
to substantially cover the linear response bandwidth for
electro-acoustic conversion from a pulse signal to an ultra-
sound pulse in the ultrasound transducer 21. Furthermore,
the various processing bandwidths for an echo signal of the
signal amplification unit 311 may be sufficiently wide to
substantially cover the linear response bandwidth for acous-
tic-electro conversion from an ultrasound echo to an echo
signal by the ultrasound transducer 21. These manners allow
more accurate approximation in performing the later-de-
scribed approximation processing on a frequency spectrum.
[0036] The transmission and receipt unit 31 further has
functions of transmitting various control signals output from
the control unit 36 to the ultrasound endoscope 2 and of
receiving various kinds of information including IDs for
identification from the ultrasound endoscope 2 and trans-
mitting the information to the control unit 36.

[0037] The signal processing unit 32 generates digital
B-mode receiving data based on RF data received from the
transmission and receipt unit 31. More specifically, the
signal processing unit 32 generates digital B-mode receiving
data by providing known processing such as bandpass
filtering, envelope detection, and logarithmic transformation
on the RF data. In the logarithmic transformation, the
common logarithm to the quantity of RF data divided by
standard voltage is expressed in decibels. The signal pro-
cessing unit 32 outputs the generated B-mode receiving data
to the image processing unit 34. The signal processing unit
32 is implemented by using a general-purpose processor
such as a central processing unit (CPU), a dedicated inte-
grated circuit implementing specific functions such as an
application specific integrated circuit (ASIC) and a field
programmable gate array (FPGA), or the like.

[0038] The arithmetic unit 33 gives certain arithmetic
calculation on the RF data received from the transmission
and receipt unit 31. The arithmetic unit 33 includes an
amplification correction unit 331, a frequency analysis unit
332, a feature data calculation unit 333, an attenuation rate
setting unit 334, an attenuation rate correction unit 335, and
a feature data correction unit 336. The arithmetic unit 33 is
implemented by using a general-purpose processor such as
a CPU, a dedicated integrated circuit such as an ASIC and
a FPGA, or the like.

[0039] The amplification correction unit 331 provides
amplification correction on the RF data output from the
transmission and receipt unit 31 in a manner having the
amplification rate constant regardless of the receiving depth.
FIG. 3 is a drawing that illustrates relation between the
receiving depth and the amplification rate in amplification
correction processing performed by the amplification cor-
rection unit 331. As illustrated in FIG. 3, the amplification
rate f (dB) in the amplification correction processing per-
formed by the amplification correction unit 331 takes the
maximum value f5,,-f, when the receiving depth z is zero,
linearly decreases until the receiving depth z increases to the
threshold z,, from zero, and becomes zero with the receiving
depth z equal to or greater than the threshold z,,. The relation
illustrated in FI1G. 3 is preliminarily stored in the storage unit
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37. The amplification correction unit 331 performs ampli-
fication correction on the digital RF signal based on the
relation illustrated in FIG. 3. With this correction, the
amplification correction unit 331 is able to offset the effect
of the sensitivity time control (STC) correction by the signal
amplification unit 311 and to output a signal having a
constant amplification rate f3,,. The relation between the
receiving depth z and the amplification rate § in the ampli-
fication correction unit 331 varies depending on the relation
between the receiving depth and the amplification rate in the
signal amplification unit 311.

[0040] A reason why the amplification correction is nec-
essary will now be described. The STC correction is cor-
rection processing to remove the effect of attenuation from
the amplitude of an analogue signal waveform by amplify-
ing the amplitude of the analogue signal waveform uni-
formly over the entire bandwidth and at an amplification rate
allowing a regular increase for the depth. The STC correc-
tion makes a brightness value constant regardless of the
depth in the case of generating a B-mode image displayed
with the amplitude of an echo signal converted to brightness
and in the case of scanning uniform tissue. In other words,
the STC correction can remove effects of attenuation from a
brightness value of a B-mode image.

[0041] When using results of calculation and analysis of
an ultrasound frequency spectrum as described in the first
embodiment, however, the STC correction is not always
capable of accurately removing effects of attenuation caused
with ultrasound propagating. This is because the amount of
attenuation usually varies depending on a frequency (see the
later-described formula (1)), whereas the amplification rate
in the STC correction varies depending on the distance only
and has no frequency dependence. A possible solution to this
problem is that a received signal with the STC correction
performed thereon is output in generating a B-mode image,
whereas a received signal with no STC correction performed
thereon is output through another transmission process dif-
ferent from transmission for generating the B-mode image in
generating an image based on a frequency spectrum. In this
case, however, the frame rate of image data generated based
on the received signal is problematically decreased. In the
first embodiment, the amplification correction unit 331 thus
corrects the amplification rate so as to remove effects of the
STC correction from a signal having undergone the STC
correction to create a B-mode image while keeping the
frame rate of generated image data.

[0042] The frequency analysis unit 332 calculates a plu-
rality of frequency spectra corresponding to the receiving
depths and the receiving directions of an ultrasound signal
by analyzing the frequency of the ultrasound signal. More
specifically, the frequency analysis unit 332 calculates fre-
quency spectra at a plurality of points (data positions) on RF
data by generating sample data by sampling RF data (line
data) of a sound ray having undergone the amplification
correction by the amplification correction unit 331 at pre-
determined time intervals and performing the Fast Fourier
Transform (FFT) processing on sample data groups.
[0043] FIG. 4 is a drawing that schematically illustrates a
data array on a sound ray of an ultrasound signal. On the
sound ray SR, illustrated in FIG. 4, a rectangular cell in
white or in black represents data at a sampling point.
Furthermore, on the sound ray SR,, data situated closer to
the right side is sample data obtained from a deeper point in
measurement from the ultrasound transducer 21 along the
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SR, (see the arrows in FIG. 4). The sound ray SR, is
discretized at time intervals corresponding to a sampling
frequency (for example, 50 MHz) in A/D conversion pet-
formed by the transmission and receipt unit 31. In FIG. 4, the
eighth data position on the sound ray SR, of number k is set
as an initial value Z® in a direction of the receiving depth
z. Instead of this, any position of an initial value can be set.
Results of calculation by the frequency analysis unit 332 are
obtained in complex numbers and stored in the storage unit
37.

[0044] Thedatagroup F, (=1, 2,. .., K)illustrated in FIG.
4 is a sample data group on which the FFT processing is
performed. For the FFT processing, a sample data group
generally needs to include data pieces expressed in powers
of two. In this meaning, the sample data group F; (=1, 2, .
.., K-1) is a normal data group that includes 16 (=2*) data
pieces, whereas the sample data group Fy is an abnormal
data group that includes 12 data pieces. When the FFT
processing is performed on such an abnormal data group,
processing for generating a normal sample data group is
performed by adding zero data for the shortage. This process
will be described later in detail along with description of the
processing performed by the frequency analysis unit 332
(see FIG. 11).

[0045] FIG. 5§ is a drawing that illustrates an exemplary
frequency spectrum calculated by the frequency analysis
unit 332. The term “frequency spectrum” in this case indi-
cates “a frequency distribution of intensity at a receiving
depth z”, which is obtained by performing the FFT process-
ing on a sample data group. The term “intensity” indicates,
for example, any one of a parameter such as voltage of an
echo signal, power of an echo signal, the sound pressure of
an ultrasound echo, and acoustic energy of an ultrasound
echo, the amplitude, a time integral value, and a combination
thereof of the parameter.

[0046] In FIG. 5, the abscissa gives a frequency f. Fur-
thermore, in FIG. 5, the ordinate gives a common logarithm
(in decibels) for the quantity of intensity I, divided by
standard intensity I, (a constant), which is: I=10 log; o(I,/1.).
In FIG. 5, the receiving depth z is constant. A straight line
L, in FIG. 5 will be described later. Curved lines of
frequency spectra illustrated in FIG. 5 and FIG. 7, which is
described later, and straight lines relative to the curved lines
consist of sets of discrete points.

[0047] On a frequency spectrum C, illustrated in FIG. 5,
a lower frequency limit f; and an upper frequency limit f,
of a bandwidth used in further calculation are parameters
determined based on the bandwidth of the ultrasound trans-
ducer 21, the bandwidth of a pulse signal transmitted from
the transmission and receipt unit 31, and others. For
example, {;=3 MHz and f,~10 MHz are given. In FIG. 5,
the bandwidth defined by the lower frequency limit f; and
the upper frequency limit f;; will be referred to as a “band-
width U”.

[0048] If an observed target is live tissue, a frequency
spectrum generally exhibits different trends depending on
the characteristics of the live tissue scanned by ultrasound.
This is because the frequency spectrum is correlated with the
size, the number density, and the acoustic impedance of a
scattering body that scatters ultrasound. Examples of the
“characteristics of live tissue” in this case include a malig-
nant tumor (cancer), a benign tumor, an endocrine tumor, a
mucinous tumor, normal tissue, a cyst, and a vascular vessel.
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[0049] The feature data calculation unit 333 calculates
feature data of each frequency spectrum. More specifically,
the feature data calculation unit 333 provides regression
analysis on a frequency spectrum in a predetermined band-
width and approximates the spectrum using a linear formula.
With this method, the feature data calculation unit 333
calculates feature data characterizing the linear formula used
for approximation. For example, on the frequency spectrum
C, illustrated in FIG. 5, the feature data calculation unit 333
acquires an approximate straight line L,, by providing
regression analysis on the bandwidth U. In expression of the
approximate straight line L, using a linear formula of the
frequency f: I=a,f+b,, the feature data calculation unit 333
calculates a slope a,, an intercept b,, and a mid-band fit:
c,=a,f,+b,, which is a value of intensity I for the center
frequency of the bandwidth U: {, ~(f; +{,;)/2, as feature data
corresponding to the straight line L,,. The feature data
calculation unit 333 may approximate a frequency spectrum
using a polynomial of degree two or greater.

[0050] Among three pre-correction feature data pieces, the
slope a, is correlated with the size of a scattering body of
ultrasound and is generally considered to have a smaller
value for a larger scattering body. The intercept b, is
correlated with the size of a scattering body, a variance in
acoustic impedance, the number density (the concentration)
of a scattering body, and others. More specifically, the
intercept by, is considered to have a larger value for a larger
scattering body, has a larger value for a larger variance in
acoustic impedance, and has a larger value for a larger
number density of a scattering body. The mid-band fit c, is
an indirect parameter derived from the slope a, and the
intercept b, and giving intensity of the spectrum in the center
of the bandwidth U. The mid-band fit ¢, is therefore con-
sidered to have correlation with brightness of a B-mode
image to some extent other than with the size of a scattering
body, a variance in acoustic impedance, and the number
density of a scattering body.

[0051] The attenuation rate setting unit 334 sets an attenu-
ation rate that gives attenuation characteristics to the ultra-
sound propagating through an observed target in an area of
interest set on an ultrasound image. In the first embodiment,
the area of interest may be preliminarily set. In another
manner, the input unit 35 may receive an input of a setting
signal relating to the position, the size, and the shape of an
area of interest, and the arithmetic unit 33 may set the area
of interest based on the setting signal.

[0052] Processing performed by the attenuation rate set-
ting unit 334 will now be described in detail. The attenuation
rate setting unit 334 divides an area of interest into a
plurality of sections. The attenuation rate setting unit 334
thereafter uses a plurality of attenuation rate candidate
values per unit length and per unit frequency that give
respective different attenuation characteristics to the ultra-
sound propagating through an observed target and performs
attenuation correction for removing effects of ultrasound on
the feature data of each frequency spectrum, in each section.
In this manner, the attenuation rate setting unit 334 calcu-
lates preliminary correction feature data of a frequency
spectrum for each attenuation rate candidate value. The
attenuation rate setting unit 334 thereafter sets an optimal
attenuation rate to the observed target among the attenuation
rate candidate values based on the results of calculation of
preliminary correction feature data.
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[0053] FIG. 6 is a drawing that schematically illustrates
exemplary arrangement of sections divided in an area of
interest in a display area of an ultrasound image. In FIG. 6,
one sound ray is simply illustrated by a broken line, although
a plurality of sound rays are usually arranged at certain
intervals along the scan direction (the circumferential direc-
tion of an area of interest 102 illustrated in FIG. 6).
[0054] In FIG. 6, the substantially fan-shaped area of
interest 102 in an image display area 101 is divided into 16
sections P,; (=1 to 4, j=1 to 4). All the sections P,; have the
same height H in a direction of receiving depth (the depth
direction) radially extending from a surface position 103 of
the ultrasound transducer 21 in the image display area 101.
Information about the manner of dividing the area of interest
into sections is stored in a section information storage unit
371 of the storage unit 37. This information further includes,
for example, relation between the area of interest and a
section in size and/or in shape. When the area of interest is
set, the attenuation rate setting unit 334 sets sections based
on the area of interest by referring to the section information
storage unit 371. In FIG. 6, the ultrasound transducer 21 is
illustrated as a convex-type transducer; however, any type of
ultrasound transducer 21 is applicable to set the sections.
The number of sections illustrated in FIG. 6 is merely an
example, and the number is changed based on conditions
such as the size of the area of interest. The whole area of the
ultrasound image is usable as one area of interest.

[0055] An attenuation amount A (f, z) of ultrasound is
generally attenuation caused while ultrasound moves (pro-
ceeds and returns) between the receiving depth zero and the
receiving depth z and is defined as an intensity variance (a
variance in decibels) before and after the move. The attenu-
ation amount A (f, z) is experimentally known to be pro-
portional to a frequency in uniform tissue and is expressed
by the following formula (1).

A(fz)=20zf )

The proportional constant o denotes an amount referred to
as an attenuation rate and gives the attenuation amount of
ultrasound per unit length and per unit frequency. In the
formula, z denotes receiving depth of ultrasound, and f
denotes frequency. If the observed target is a live body, the
value of the attenuation rate ¢. is determined according to a
site of the live body. The unit of measurement of the
attenuation rate o is, for example, dB/cm/MHz.

[0056] The attenuation rate setting unit 334 sets an optimal
attenuation rate among a plurality of attenuation rate can-
didate values. Specifically, the attenuation rate setting unit
334 provides attenuation correction on the feature data (the
slope a, the intercept by, and the mid-band fit ¢,) calculated
by the feature data calculation unit 333 by using the attenu-
ation rate candidate value « for the following formulae (2)
to (4) and calculates preliminary correction feature data a, b,
and c.

a=agt20az (2)
b=b, (3)
c=cotd(fip2)=cot20zfy(=afarth) 4)

According to the formulae (2) and (4), the attenuation rate
setting unit 334 provides correction with a larger correction
amount for a larger receiving depth z of ultrasound. Accord-
ing to the formula (3), correction relative to the intercept b,
uses identity transformation because the intercept is a fre-
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quency element corresponding to a frequency of zero (Hz)
under no effects of attenuation.

[0057] FIG. 7 is a drawing that illustrates a straight line
having preliminary correction feature data a, b, and ¢
corrected by the attenuation rate setting unit 334 as param-
eters. A siraight line L, is expressed by the following
formula (5).

T=af+b=(ag+20z)f+b, &)

According to the formula (5), the straight line L, has a larger
slope (a>a,) than that of the straight line L, before attenu-
ation correction and has the same intercept (b=b,) as that of
the straight line L,

[0058] The attenuation rate setting unit 334 sets an attenu-
ation rate candidate value allowing minimal statistical dis-
persion of preliminary correction feature data calculated
using an attenuation rate candidate value as an optimal
attenuation rate, for each section. In the first embodiment,
variance is used to quantify statistical dispersion. In this
case, the attenuation rate setting unit 334 sets an attenuation
rate candidate value allowing minimal variance as an opti-
mal attenuation rate. Among the above-described three pre-
liminary correction feature data pieces a, b, and ¢, two data
pieces are independent. In addition, the preliminary correc-
tion feature data b is not dependent on the attenuation rate.
In setting an optimal attenuation rate for the preliminary
correction feature data a and c, the attenuation rate setting
unit 334 only needs to calculate variance of either one of the
preliminary correction feature data a and c.

[0059] When the attenuation rate setting unit 334 sets an
optimal attenuation rate using preliminary correction feature
data a, the attenuation rate setting unit 334 preferably uses
variance of the preliminary correction feature data a. Like-
wise, the attenuation rate setting unit 334 preferably uses
variance of preliminary correction feature data c for setting
an optimal attenuation value using the preliminary correc-
tion feature data c. As a reason of this, the formula (1) giving
the amount of attenuation A (f, z) is merely ideal, and the
following formula (6) is actually more appropriate.

A(fz)=20zf+2a,z 6

The second term «, in the right side of the formula (6) is a
coeflicient expressing the magnitude of a change in signal
intensity in proportional to the receiving depth z of ultra-
sound. The coeflicient expresses a change in signal intensity
that results from non-uniform tissue as an observed target, a
change in the number of channels in beam formation, and
other factors. Because of the second term in the right side of
the formula (6), use of variance of the preliminary correction
feature data c in setting an optimal attenuation rate using the
preliminary correction feature data ¢ allows more accurate
correction of attenuation (see the formula (4)). When setting
an optimal attenuation rate using the preliminary correction
feature data a as a coeflicient proportional to the frequency
f, use of variance of the preliminary correction feature data
a allows more accurate correction of attenuation by remov-
ing the effects of the second term in the right side of the
formula (6).

[0060] A reason why an optimal attenuation rate can be set
using statistical dispersion will now be described. When an
attenuation rate optimal to an observed target is applied,
statistical dispersion is considered to be reduced because the
feature data converges to a value unique to the target
regardless of the distance between the target and the ultra-
sound transducer 21. On the other hand, use of an attenua-
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tion rate candidate value not adapted to the target as an
optimal attenuation rate renders attenuation to be exces-
sively or insufficiently corrected. This results in a variance
in feature data depending on the distance from the ultra-
sound transducer 21, and statistical dispersion of the feature
data is therefore considered to be increased. Consequently,
an attenuation rate candidate value allowing minimal statis-
tical dispersion is considered to be an optimal attenuation
rate for the observed target.

[0061] FIG. 8 is a drawing that schematically illustrates
exemplary distributions of preliminary correction feature
data having undergone attenuation correction based on two
different attenuation rate candidate values for the same
observed target. In FIG. 8, the abscissa gives the preliminary
correction feature data, and the ordinate gives the frequency.
The two distribution curved lines N, and N, illustrated in
FIG. 8 have the same sum of frequency. In FIG. 8, the
distribution curved line N, has small statistical dispersion of
feature data (small variance) compared to the distribution
curved line N, and forms a steep mountain. When the
attenuation rate setting unit 334 sets an optimal attenuation
rate from two attenuation rate candidate values correspond-
ing to respective two distribution curved lines N, and N,,, the
attenuation rate setting unit 334 sets an attenuation rate
candidate value corresponding to the distribution curved line
N, as an optimal attenuation rate.

[0062] The attenuation rate correction unit 335 corrects
the optimal attenuation rate set by the attenuation rate setting
unit 334 such that the attenuation rate smoothly changes in
the vicinity of a boundary between sections. More specifi-
cally, the attenuation rate correction unit 335 performs
processing to smooth a change in the attenuation rate in the
vicinity of a boundary between sections by providing linear
interpolation using straight lines on the optimal attenuation
rate.

[0063] FIG. 9 is a drawing that illustrates an overview of
correction processing performed by the attenuation rate
correction unit 335. In FIG. 9, the abscissa gives the
receiving depth z of an ultrasound image, whereas the
ordinate gives the optimal attenuation rate o,(z) in a section
P.(z). A histogram 200 indicated by broken lines represents
the optimal attenuation rate a(z) for a receiving depth z in
a section Py(1=a constant of 1 to 4, j=1 to 4) that has a sound
ray pass. FIG. 9 illustrates an example where 1=2 is given.
A curved line 201 represents relation between the receiving
depth z and the optimal attenuation rate a(z) after linear
interpolation processing by the attenuation rate correction
unit 335. The attenuation rate correction unit 335 performs
linear interpolation connecting between center positions of
adjacent sections with a straight line. This processing
smooths a change in the optimal attenuation rate ¢.(z) across
adjacent sections.

[0064] In this example, the attenuation rate correction unit
335 corrects the optimal attenuation rate along the depth
direction. In another manner, the attenuation rate correction
unit 335 may correct a change in the optimal attenuation rate
across adjacent sections along a scan direction of the ultra-
sound transducer 21. The attenuation rate correction unit 335
may correct a change in the optimal attenuation rate across
adjacent sections along the depth direction and along the
scan direction.

[0065] The feature data correction unit 336 calculates
correction feature data in an area of interest of an ultrasound
image by providing attenuation correction on feature data
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using the attenuation rate corrected by the attenuation rate
correction unit 335. The feature data correction unit 336
calculates a cumulative attenuation rate (simply referred to
as a cumulative attenuation rate) per unit frequency at a
sampling point using an optimal attenuation rate for a
section situated between a surface position of an ultrasound
transducer and the sampling point among optimal attenua-
tion rates for the respective sections and corrects attenuation
of feature data using the cumulative attenuation rate. The
cumulative attenuation rate at any sampling point is calcu-
lated using the distance from the surface of the ultrasound
transducer 21 and an optimal attenuation rate for a section
situated between the surface and the sampling point. A
cumulative attenuation rate y,(z) at a sampling point SP(z)
included in a section P;, and representing a distance z from
the surface position of the ultrasound transducer 21 is
expressed by the following formula (7).

1) ey(2)dz’ M

The number 2 in the right side of the formula (7) indicates
a round-trip distance between the surface position of the
ultrasound transducer and the sampling point z. In this
manner, the feature data correction unit 336 calculates the
cumulative attenuation rate y,(z) by accumulating the attenu-
ation rates from the surface of the ultrasound transducer 21.
When a unit of measurement dB/cm/MHz is used as an
optimal attenuation rate, a unit of measurement for the
cumulative attenuation rate is dB/MHz.

[0066] The feature data correction unit 336 corrects
attenuation of feature data at a sampling point SP/(z) using
the cumulative attenuation rate y/z) as follows.

aA2)=ao+2y/2) ®
bz)=b, ©
ef2)=co+2fait12) (10)
[0067] The image processing unit 34 generates various

kinds of image data. Specifically, the image processing unit
34 includes a B-mode image data generating unit 341 and a
feature data image data generating unit 342. The image
processing unit 34 is implemented by using a general-
purpose processor such as a CPU, a dedicated integrated
circuit such as an ASIC and a FPGA, or the like.

[0068] The B-mode image data generating unit 341 gen-
erates B-mode image data as ultrasound image data dis-
played with the amplitude of an echo signal converted to
brightness. Specifically, the B-mode image data generating
unit 341 generates B-mode image data by, for example,
providing signal processing using known techniques such as
gain processing and contrast processing on B-mode receiv-
ing data received from the signal processing unit 32 and
decimating data based on a data step width determined based
on a display range of an image of the display device 4. The
B-mode image is a grayscale image where values of R (red),
G (green), and B (blue), as variables on the RGB color
model adapted for a color space, coincide with one another.

[0069] The B-mode image data generating unit 341 gen-
erates B-mode image data by providing coordinate transfor-
mation on the B-mode receiving data in a manner rearrang-
ing the coordinates to obtain more spatially correct
expression of the scan range and providing interpolation
processing between B-mode receiving data pieces so as to
fill a gap therebetween. The B-mode image data generating
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unit 341 outputs the generated B-mode image data to the
feature data image data generating unit 342.

[0070] The feature data image data generating unit 342
generates feature data image data that displays information
relating to correction feature data calculated by the feature
data correction unit 336. Specifically, the feature data image
data generating unit 342 generates feature data image data
by overlapping visual information relating to the correction
feature data calculated by the feature data correction unit
336 on each pixel of an image of the B-mode image data. For
example, the feature data image data generating unit 342
allocates visual information corresponding to feature data of
a frequency spectrum calculated from a sample data group
F, (=1, 2, ..., K) illustrated in FIG. 4 to a pixel area
corresponding to the data amount of the sample data group
F. The feature data image data generating unit 342 generates
feature data image data by relating, for example, hue
included in the visual information to any one of the above-
described slope, intercept, and mid-band fit. In another
manner, the feature data image data generating unit 342 may
generate feature data image data by relating hue to either one
of two feature data pieces selected among the slope, the
intercept, and the mid-band fit and relating contrast to the
other one. Examples of the visual information relating to
feature data include saturation, a brightness value, a variable
such as R (red), G (green), and B (blue) of a color space
having a certain color model, other than hue and contrast
(luminosity).

[0071] The input unit 35 receives input of various kinds of
information including an operation instruction signal of the
ultrasound observation device 3. For example, the input unit
35 receives an input for setting an area of interest, which is
a partial area sectioned based on a certain depth width and
a sound ray width on an ultrasound image. The input unit 35
is configured with a user interface such as a keyboard, a
mouse, a trackball, and a touchscreen.

[0072] The control unit 36 integrally controls operation of
the ultrasound diagnosis system 1. The control unit 36
includes a display control unit 361 that controls display of
the display device 4. The display control unit 361 controls
the display device 4 to display images corresponding to
B-mode image data generated by the B-mode image data
generating unit 341 and feature data image data generated by
the feature data image data generating unit 342. The display
control unit 361 is also able to control the display device 4
to display the B-mode image and the feature data image next
to each other.

[0073] The control unit 36 is implemented by a general
processor such as a CPU having arithmetic and control
functions, a dedicated integrated circuit such as an ASIC and
an FPGA, and the like. If the control unit 36 is implemented
by a general processor or an FPGA, the control unit 36
integrally controls the ultrasound observation device 3 by
reading out various computer programs and various data
stored in the storage unit 37 from the storage unit 37 and
performing various arithmetic processing relating to a
method for operating the ultrasound observation device 3. If
the control unit 36 is configured with an ASIC, the control
unit 36 may execute various processing by itself or execute
various processing by using various data stored in the
storage unit 37. The control unit 36 may share a general
processor, a dedicated integrated circuit, or the like with the
signal processing unit 32, the arithmetic unit 33, and the
image processing unit 34.
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[0074] The storage unit 37 stores various information
including information necessary for operation of the ultra-
sound observation device 3. The storage unit 37 includes the
section information storage unit 371 storing information
relating to sections, a spectrum information storage unit 372
storing information about a frequency spectrum calculated
by the frequency analysis unit 332 along with the receiving
depth and the receiving direction, a feature data information
storage unit 373 storing information relating to feature data
calculated by the feature data calculation unit 333 and
correction feature data corrected by the feature data correc-
tion unit 336, and an attenuation rate information storage
unit 374 storing information relating to an optimal attenu-
ation rate set by the attenuation rate setting unit 334 for each
section and a cumulative attenuation rate calculated by the
feature data correction unit 336 for each sampling point.
[0075] Other than the above-listed information, the stor-
age unit 37 stores, for example, information (relation
between the amplification rate and the receiving depth
illustrated in FIG. 2) necessary for amplification processing,
information (relation between the amplification rate and the
receiving depth illustrated in FIG. 3) necessary for ampli-
fication correction processing, information (see the formula
(1)) necessary for attenuation correction processing, and
information about a window function (such as Hamming
window, Hanning window, and Blackman window) neces-
sary for frequency analysis processing.

[0076] The storage unit 37 stores therein various computer
programs including an operation program for implementing
a method for operating the ultrasound observation device 3.
The operation program can be recorded in a computer-
readable recording medium such as a hard disk, a flash
memory, a CD-ROM, a DVD-ROM, and a flexible disk for
wider distribution. The above-described various computer
programs are available by downloading the programs
through a communication network. The communication
network is implemented by, for example, an existing public
network, a local area network (LAN), and a wide area
network (WAN) regardless of whether wired or wireless.
[0077] The storage unit 37 having the above-described
configuration is implemented by using, for example, a read
only memory (ROM) to which various computer programs
and others are preliminarily installed and a random access
memory (RAM) storing arithmetic parameters and data of
processing and others.

[0078] FIG. 10 is a flowchart that illustrates an overview
of processing performed by the ultrasound observation
device 3 having the above-described configuration. The
flowchart in FIG. 10 illustrates processing performed with
an area of interest on an ultrasound image already set after
commencement of transmission of a transmission driving
wave by the transmission and receipt unit 31 and com-
mencement of transmission of ultrasound by the ultrasound
transducer 21, in the ultrasound diagnosis system 1.
[0079] The ultrasound observation device 3 receives an
echo signal as a result of measurement of an observed target
by the ultrasound transducer 21 from the ultrasound endo-
scope 2 (Step S1).

[0080] The signal amplification unit 311 receives the echo
signal from the ultrasound transducer 21 and amplifies the
echo signal (Step S2). The signal amplification unit 311
amplifies (STC correction) the echo signal based on, for
example, relation between the amplification rate and the
receiving depth illustrated in FIG. 2.
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[0081] The B-mode image data generating unit 341 gen-
erates B-mode image data using the echo signal amplified by
the signal amplification unit 311 (Step S3). The display
control unit 361 controls the display device 4 to display a
B-mode image corresponding to the B-mode image data
(Step S4).

[0082] The amplification correction unit 331 provides
amplification correction on RF data output from the trans-
mission and receipt unit 31 such that the amplification rate
becomes constant regardless of the receiving depth (Step
S5). The amplification correction unit 331 performs ampli-
fication correction, for example, based on relation between
the amplification rate and the receiving depth illustrated in
FIG. 3.

[0083] The frequency analysis unit 332 calculates a fre-
quency spectrum corresponding to each sample data group
by performing frequency analysis using the FFT on RF data
of a sound ray after amplification correction and stores the
spectrum in the spectrum information storage unit 372 (Step
S6). FIG. 11 is a flowchart that illustrates an overview of
processing performed by the frequency analysis unit 332 at
Step S6. The frequency analysis processing will now be
described in detail with reference to the flowchart illustrated
in FIG. 11.

[0084] The frequency analysis unit 332 sets k, for a
counter k for differentiating an analyzed sound ray (Step
S31).

[0085] The frequency analysis unit 332 sets an initial

value Z® of a data position (corresponding to the receiving
depth) Z\® representing a series of data groups (sample data
groups) generated for FFT arithmetic operation (Step S32).
For example, as described earlier, the eighth data position of
the sound ray SR, is set as the initial value Z® in FIG. 4.
[0086] The frequency analysis unit 332 acquires a sample
data group (Step S33) and has a window function stored in
the storage unit 37 act on the acquired sample data group
(Step S34). Action of the window function on a sample data
group prevents the sample data group from being discon-
tinuous at a boundary and prevents artifacts.

[0087] The frequency analysis unit 332 determines
whether a sample data group having a data position Z* is a
normal data group (Step S35). As described with reference
to FIG. 4, a sample data group needs to include data pieces
expressed in powers of two. The number of normal sample
data groups will be expressed as 2" (where n is an integer).
In the first embodiment, the data position Z® is set in a
manner situated as close to the center of a sample data group
where Z* belongs to as possible. Specifically, the number of
data pieces of the sample data group is 27, and Z® is
therefore set in the 27/2 (=2"~")” position that is close to the
center of the sample data group. In this case, normality of the
sample data group indicates that the data group has 2"~'-1
(referred to as N) data pieces in the shallow side with respect
to the data position Z* and has 2"* (referred to as M) data
pieces in the deep side with respect to the data position Z®.
In FIG. 4, the sample data group I, G=1, 2, . . . , K-1) is
therefore normal. In the example of FIG. 4, n=4 (N=7, M=8)
is given.

[0088] If the sample data group having the data position
7™ is determined to be normal (Yes at Step S35) as a result
of determination at Step S35, the frequency analysis unit 332
proceeds to the later-described Step S37.

[0089] If the sample data group having the data position
7™ is determined to be abnormal (No at Step S35) as a result
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of determination at Step S35, the frequency analysis unit 332
generates a normal sample data group by adding zero data
for the shortage (Step S36). A window function acts on the
sample data group (for example, the sample data group F-
in FIG. 4) determined to be abnormal at Step S35 before
addition of zero data. Discontinuity of data therefore does
not occur even when zero data is added to the sample data
group. After Step S36, the frequency analysis unit 332
proceeds to the later-described Step S37.

[0090] At Step S37, the frequency analysis unit 332 per-
forms FFT arithmetic operation using the sample data group
and acquires a frequency spectrum as a frequency distribu-
tion to the amplitude (Step S37).

[0091] The frequency analysis unit 332 changes the data
position Z® at a step width D (Step $38). The step width D
is preliminarily stored in the storage unit 37. In the example
of FIG. 4, D=15 is given. The step width D preferably
matches with the data step width used in generation of
B-mode image data by the B-mode image data generating
unit 341; however, a larger value than the data step width
may be set for the step width D in trying to reduce the
computational complexity in the frequency analysis umt
332.

[0092] The frequency analysis unit 332 determines
whether the data position Z® is larger than a maximum
value Z® ___ of the sound ray SR, (Step S39). If the data
position Z® is larger than the maximum value Z®, , (Yes
at Step S39), the frequency analysis unit 332 increases the
counter k by one (Step S40). The increase means that
processing is moved to the next sound ray. On the other
hand, if the data position Z* is equal to or smaller than the
maximum value Z%®___ (No at Step S39), the frequency
analysis unit 332 returns to Step S33.

[0093] After Step S40, the frequency analysis unit 332
determines whether the counter k is larger than the maxi-
mum valuek,, .. (Step S41). If the counter k is larger than the
maximum value k.. (Yes at Step S41), the frequency
analysis unit 332 ends this series of frequency analysis
processing. If the counter k is equal to or smaller than the
maximum value k,, . (No at Step S41), the frequency
analysis unit 332 returns to Step S32. The maximum value
K, 1s any value input according to an instruction from a
user such as an operator through the input unit 35 or a value
preliminarily set in the storage unit 37.

[0094] In this manner, the frequency analysis unit 332
provides a plurality of times of FFT arithmetic operation on
each of (k,,,,—ky+1) sound rays in an analyzed target area.
Frequency spectra obtained from the FFT arithmetic opera-
tion are stored in the spectrum information storage unit 372
along with the receiving depth and the receiving direction.
[0095] 1In the above description, the frequency analysis
unit 332 performs the frequency analysis processing on all
the areas having received ultrasound signals. In another
manner, the frequency analysis unit 332 may perform the
frequency analysis processing only on an area of interest.
[0096] After the above-described frequency analysis pro-
cessing at Step S6, the feature data calculation unit 333
calculates feature data of a frequency spectrum at a sampling
point included in the area of interest (Step S7). More
specifically, the feature data calculation unit 333 performs
regression analysis on a frequency spectrum in a predeter-
mined bandwidth and approximates the frequency spectrum
with a linear formula I=a,f+b, and calculates the slope a,,
the intercept b, and the mid-band fit ¢, as feature data. For
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example, the straight line L, illustrated in FIG. 5 is a line
of regression obtained with the feature data calculation unit
333 approximating the frequency spectrum C, in the band-
width U using regression analysis.

[0097] The attenuation rate setting unit 334 sets an attenu-
ation rate candidate value a used in the later-described
attenuation correction as a predetermined initial value o,
(Step S8). The initial value «, is preliminarily stored in the
attenuation rate information storage unit 374. In another
configuration, the input unit 35 may receive an input to
change the setting of the initial value a, of an attenuation
rate candidate value.

[0098] The attenuation rate setting unit 334 performs
attenuation correction on feature data obtained with the
feature data calculation unit 333 approximating a frequency
spectrum, using an attenuation rate candidate value o and
calculates preliminary correction feature data and stores the
calculated preliminary correction feature data in the feature
data information storage unit 373 along with the attenuation
rate candidate value o (Step S9). The straight line L,
illustrated in FIG. 7 is an exemplary line obtained with the
attenuation rate setting unit 334 performing the attenuation
correction processing.

[0099] At Step S9, the attenuation rate setting unit 334
calculates the preliminary correction feature data by substi-
tuting the data position Z=(f, /2v ) Dn obtained based on the
data array of a sound ray of an ultrasound signal to the
receiving depth z in the above-described formulae (2) and
(4). In the formula, f;,, denotes a sampling frequency of data,
v, denotes the speed of sound, D denotes a data step width,
and n denotes the number of data steps from the first data on
the sound ray to the data position in a sample data group as
a processing target. For example, if the sampling frequency
of data f,, is 50 MHz, the speed of sound v, is 1530 m/sec,
and the data step width D is 15 by adapting the data array of
FIG. 4, 7=0.2295n (mm) is given.

[0100] The attenuation rate setting unit 334 calculates
variance of a preliminary correction feature data piece
selected from a plurality of preliminary correction feature
data pieces obtained with the attenuation rate setting unit
334 performing attenuation correction on frequency spectra
and stores the variance in the feature data information
storage unit 373 in a manner associated with the attenuation
rate candidate value a (Step S10). For example, if the
preliminary correction feature data pieces are the slope a and
the mid-band fit c, the attenuation rate setting unit 334
calculates variance of either one of the preliminary correc-
tion feature data a and c as described above. As described
above, if the feature data image data generating unit 342
generates feature data image data using the correction fea-
ture data a(z) in the subsequent processing, variance of the
preliminary correction feature data a in the area of interest
is preferably used. If the feature data image data generating
unit 342 generates feature data image data using the correc-
tion feature data ¢ ,(z) in the subsequent processing, variance
of the preliminary correction feature data ¢ in the area of
interest is preferably used. Preliminary correction feature
data used for calculation of variance may be preliminarily
set, or a user may set the preliminary correction feature data
by inputting an instruction signal instructing desired pre-
liminary correction feature data through the input unit 35.

[0101] The attenuation rate setting unit 334 increases a
value of the attenuation rate candidate value o by Ac. (Step
S11) and compares the value magnitude between the
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increased attenuation rate candidate value ¢ and a predeter-
mined maximum value o, (Step S12). If the attenuation
rate candidate value o is found to be larger than the
maximum value o, (Yes at Step S12) from a result of
comparison at Step S12, the ultrasound observation device
3 proceeds to Step S13. If the attenuation rate candidate
value o is found to be equal to or smaller than the maximum
value a.,,,, (No at Step S12) from a result of comparison at
Step S12, the ultrasound observation device 3 returns to Step
S9. In another configuration, the input unit 35 may receive
an input to change the setting of the amount of increase A
in the attenuation rate candidate value and the maximum
valve .

[0102] At Step S13, the attenuation rate setting unit 334
refers to variance of preliminary correction feature data for
each attenuation rate candidate value stored in the feature
data information storage unit 373 and sets an attenuation rate
candidate value allowing the minimal variance as an optimal
attenuation rate, for the area of interest (Step S13).

[0103] FIG. 12 is a drawing that illustrates an overview of
processing performed by the attenuation rate setting unit
334. FIG. 12 is a drawing that illustrates exemplary relation
between the attenuation rate candidate value a and variance
S(a) where a,=0 (dB/cm/MHz), o, =1.0 (dB/cm/MHz),
and Ac=0.2 (dB/cm/MHz) are given. In the example of FIG.
12, variance takes a minimum value S(ct),,,, when an attenu-
ation rate candidate value o is 0.2 (dB/cm/MHz). In the
example of FIG. 12, the attenuation rate setting unit 334
therefore sets ¢.=0.2 (dB/cm/MHz) as an optimal attenuation
rate. After the feature data calculation unit 333 calculates a
curved line interpolating values of variance S(a) for the
attenuation rate candidate value o using regression analysis,
the attenuation rate setting unit 334 may set the minimum
value on the curved line in a definition range of the attenu-
ation rate candidate value as an optimal attenuation rate.
[0104] The attenuation rate correction unit 335 performs
correction such that the optimal attenuvation rate smoothly
changes across adjacent sections (Step S14). As described
with reference to FIG. 9, the attenuation rate correction unit
335 linearly interpolates optimal attenuation rates o(z)
determined for respective sections P, using straight lines.
[0105] The feature data correction unit 336 calculates a
cumulative attenuation rate at a sampling point in the area of
interest using the optimal attenuation rates set by the attenu-
ation rate setting unit 334 (Step S15). For example, the
cumulative attenuation rate y,(z) at a sampling point SP,(z)
in an area of interest 102 illustrated in FIG. 6 is calculated
by giving [=2 for the formula (7).

[0106] The feature data correction unit 336 calculates
correction feature data by providing attenuation correction
on feature data at a sampling point in the area of interest
using the cumulative attenuation rate (Step S16). For
example, the feature data correction unit 336 calculates
correction feature data a,(z), b,(z), and ¢,(z) of the slope a,,
the intercept b, and the mid-band fit ¢, respectively, at a
sampling point S(z) inside the area of interest 102 illustrated
in FIG. 6 using the formulae (8) to (10).

[0107] The feature data image data generating unit 342
generates feature data image data by overlapping visual
information (for example, hue) associated with the correc-
tion feature data calculated at Step S16 on each pixel in the
area of interest on the B-mode image data generated by the
B-mode image data generating unit 341 (Step S17). The
display control unit 361 controls the display device 4 to
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display a feature data image corresponding to the generated
feature data image data (Step S18).

[0108] After Step S18, the ultrasound observation device
3 ends this series of processing. The ultrasound observation
device 3 periodically repeats the processing of Steps S1 to
S18.

[0109] According to the above-described first embodi-
ment, an attenuation rate in a range including at least a
boundary between adjacent sections is corrected in a manner
smoothly changing across the adjacent sections, and correc-
tion feature data is calculated by providing attenuation
correction on feature data using the corrected attenuation
rate. With this configuration, correction feature data can be
calculated considering non-uniformity in the attenuation rate
of an observed target. According to the first embodiment,
tissue characteristics of an observed target having a non-
uniform attenuation rate can be accurately identified.
[0110] According to the first embodiment, an attenuation
rate is corrected in a manner smoothly changing across
adjacent sections, which can prevent a sharp change in the
attenuation rate on the boundary of the adjacent sections.
Consequently, this configuration reduces unnecessary varia-
tions in brightness, which is likely to occur at the boundary
between sections, and is therefore able to generate a feature
data image allowing more accurate and more natural repre-
sentation of tissue characteristics.

[0111] In the first embodiment, the attenuation rate cor-
rection unit 335 corrects an attenuation rate along the depth
direction. Instead of this configuration, the attenuation rate
correction unit 335 may correct an attenuation rate along the
scan direction of the ultrasound transducer 21 or along both
the depth direction and the scan direction.

[0112] In the first embodiment, a feature data image of an
area of interest as a part of the full screen is generated.
Instead of this manner, a feature data image having the
whole area of an ultrasound image as an area of interest can
be generated. In this case, correction feature data for the
whole area of the ultrasound image may be calculated.
[0113] Modification

[0114] FIG. 13 is a drawing that illustrates an overview of
correction processing performed by the attenuation rate
correction unit 335 of the ultrasound observation device 3
according to a modification of the first embodiment. In a first
modification, the attenuation rate correction unit 335
includes a filter (a spatial filter) for performing processing
for having nearby area of a boundary between sections
smoothly change along the depth direction. A curved line
202 illustrated in FIG. 13 is obtained with the attenuation
rate correction unit 335 providing correction processing on
the histogram 200. It should be noted that this modification
exerts the same advantageous effects as those of the first
embodiment.

Second Embodiment

[0115] A second embodiment of the disclosure has a step
of smoothing feature data calculated by a feature data
calculation unit as pre-processing for calculating optimal
feature data in each section of an area of interest.

[0116] FIG. 14 is a block diagram that illustrates a func-
tional configuration of an ultrasound diagnosis system hav-
ing an ultrasound observation device according to the sec-
ond embodiment of the disclosure. An ultrasound diagnosis
system 5 illustrated in FIG. 14 has the ultrasound endoscope
2, and ultrasound observation device 6, and the display
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device 4. Like numerals are assigned to like components of
the ultrasound diagnosis system 1 described in the first
embodiment.

[0117] The ultrasound observation device 6 is different
from the above-described ultrasound observation device 3 in
the functional configuration of an arithmetic unit. More
specifically, an arithmetic unit 61 included in the ultrasound
observation device 6 has a smoothing unit 611 other than the
amplification correction unit 331, the frequency analysis
unit 332, the feature data calculation unit 333, the attenua-
tion rate setting unit 334, the attenuation rate correction unit
335, and the feature data correction unit 336.

[0118] The smoothing unit 611 provides smoothing pro-
cessing on feature data calculated by the feature data cal-
culation unit 333. FIG. 15 is a drawing that illustrates
exemplary feature data before smoothing calculated by the
feature data calculation unit 333. FIG. 16 is a drawing that
illustrates feature data obtained with the smoothing unit 611
providing smoothing processing on feature data illustrated in
FIG. 15. A curved line 301 illustrated in FIG. 15 indicates
relation between the mid-band fit ¢ and the receiving depth
7. The curved line 301 indicates a trend of a decrease in the
mid-band fic ¢ with an increase in the receiving depth z;
however, the curved line 301 locally has marked fluctua-
tions. On the other hand, fluctuations on a curved line 302
of FIG. 16 are mild compared to the curved line 301
although the curved line 302 indicates a like trend of a
decrease in the mid-band fic ¢ with an increase in the
receiving depth z.

[0119] FIG. 17 is a flowchart that illustrates an overview
of processing performed by the ultrasound observation
device 6. The processing of Steps S51 to S57 corresponds to
the processing of Steps S1 to S7 illustrated in FIG. 10,
respectively in this order.

[0120] At Step S58 subsequent to Step S57, the smoothing
unit 611 smooths feature data (Step S58). For example, the
smoothing unit 611 obtains the curved line 302 of FIG. 16
by smoothing the curved line 301 of FIG. 15.

[0121] The processing of subsequent steps of S59 to S69
correspond to the processing of Steps S8 to S18 of FIG. 10,
respectively in this order.

[0122] According to the above-described second embodi-
ment of the disclosure, as is the case with the first embodi-
ment, tissue characteristics of an observed target having a
non-uniform attenuation rate can be accurately identified.
Furthermore, unnecessary variations in brightness, which
are likely to occur at the boundary between sections, can be
reduced, and a feature data image allowing more accurate
and more natural representation of the tissue characteristics
can be therefore generated.

[0123] According to the second embodiment, feature data
is smoothed along the depth direction before setting an
optimal attenuation rate for each section. This process can
reduce the variation in feature data in the depth direction that
is one of factors of noise likely to be caused in setting an
optimal attenuation rate.

[0124] As smoothing processing performed by the
smoothing unit 611, results of calculation by the feature data
calculation unit 333 may be linearly approximated using
regression analysis.

Other Embodiments

[0125] Embodiments of the disclosure have been
described as above; however, it should be noted that the
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disclosure is not limited to the above-described first and
second embodiments. For example, a brightness value of an
ultrasound image may be used as feature data. In this case,
an optimal attenuation rate is set for each section based on
a brightness value. After correction of the optimal attenua-
tion rate, a brightness value serving as correction feature
data is calculated using the corrected optimal attenuation
rate.

[0126] The attenuation rate setting unit 334 may calculate
an optimal attenuation rate corresponding value correspond-
ing to an optimal attenuation rate for each frame of an
ultrasound image and may set the average, the median, or the
mode of a predetermined number of optimal attenuation rate
corresponding values including an optimal attenuation rate
corresponding value for the newest frame as an optimal
attenuation rate. This method can reduce the variation in the
optimal attenuation rate and make the value stable compared
to a method setting an optimal attenuation rate for each
frame.

[0127] The attenuation rate setting unit 334 may set opti-
mal attenuation rates at predetermined frame intervals of an
ultrasound image. This method allows a marked reduction in
computational complexity. In this method, the optimal
attenuation rate last set may be used until the next optimal
attenuation rate is set.

[0128] In another configuration, the input unit 35 may
receive an input to change setting of an initial value o, of an
attenuation rate candidate value.

[0129] For example, any one of the standard deviation, a
difference between the maximum value and the minimum
value of feature data in a population, and full width at half
maximum of a distribution of feature data is usable as a
measure of statistical dispersion. In another manner, the
reciprocal of variance may be used as a measure of statistical
dispersion. In this case, an attenuation rate candidate value
making the value maximum corresponds to the optimal
attenuation rate.

[0130] In still another manner, the attenuation rate setting
unit 334 may calculate statistical dispersion of a plurality of
types of preliminary correction feature data and set an
attenuation rate candidate value deriving the minimal sta-
tistical dispersion as the optimal attenuation rate.

[0131] Furthermore, the attenuation rate setting unit 334
may calculate preliminary correction feature data by pro-
viding attenuation correction on a frequency spectrum using
a plurality of attenuation rate candidate values and providing
regression analysis on the frequency spectrum having under-
gone the attenuation correction.

[0132] The configuration is further applicable to an ultra-
sound probe other than an ultrasound endoscope. Examples
of the ultrasound probe may include a small-diameter ultra-
sound miniature probe without optical systems. Such an
ultrasound miniature probe is usually inserted to the biliary
tract, the bile ducts, the pancreatic duct, the trachea, the
bronchi, the urethra, and the ureters and is used for obser-
vation of the surrounding organs (such as the pancreas, the
lungs, the prostate, the bladder, and the lymph nodes). An
external ultrasound probe radiating ultrasound from the
body surface of a subject may be used as an ultrasound
probe. An external ultrasound probe is usually used for
observation of abdominal organs (such as the liver, the
gallbladder, and the bladder), the breasts (particularly, the
mammary glands), and the thyroid gland.
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[0133] Note

[0134] FIG. 18 is a block diagram that illustrates a func-
tional configuration of an ultrasound diagnosis system hav-
ing an ultrasound observation device according to a different
embodiment. An ultrasound diagnosis system 7 illustrated in
FIG. 18 has the ultrasound endoscope 2, an ultrasound
observation device 8, and the display device 4. Like numer-
als are assigned to like components of the ultrasound diag-
nosis system 1 described in the first embodiment.

[0135] The ultrasound observation device 8 includes the
transmission and receipt unit 31, the signal processing unit
32, an arithmetic unit 81, the image processing unit 34, the
input unit 35, the control unit 36, and the storage unit 37.
The arithmetic unit 81 has the amplification correction unit
331, the frequency analysis unit 332, the feature data cal-
culation unit 333, the smoothing unit 611, the attenuation
rate setting unit 334, and the feature data correction unit 336.
[0136] FIG. 19 is a flowchart that illustrates an overview
of processing performed by the ultrasound observation
device 8. The processing of Steps S81 to S94 corresponds to
the processing of Steps S51 to S64 illustrated in FIG. 17,
respectively in this order.

[0137] In the different embodiment, after Step S94, the
feature data correction unit 336 calculates a cumulative
attenuation rate at a sampling point in an area of interest
using an optimal attenuation rate set by the attenuation rate
setting unit 334 (Step S95). The processing of Step S95 is
the same as the processing of Step S15 of FIG. 10 in the first
embodiment.

[0138] The processing of subsequent steps of S96 to S98
correspond to the processing of Steps S16 to S18 of FIG. 10
in the first embodiment, respectively in this order.

[0139] After Step S98, the ultrasound observation device
8 ends this series of processing. The ultrasound observation
device 8 periodically repeats the processing of Steps S81 to
S98.

[0140] According to the different embodiment, feature
data is smoothed along the depth direction before setting of
an optimal attenuation rate for each section. This process can
reduce the variation in feature data in the depth direction that
is one of factors of noise likely to be caused in setting an
optimal attenuation rate.

[0141] In the different embodiment, the smoothing unit
611 may linearly approximate results of calculation by the
feature data calculation unit 333 using regression analysis.
In the different embodiment, an optimal attenuation rate may
be calculated for an area of interest, which is not divided. In
the different embodiment, configurations and others in the
earlier-described other embodiments may be implemented in
combination as appropriate.

[0142] Note 1

[0143] An ultrasound observation device configured to
generate an ultrasound image based on an ultrasound signal
acquired by an ultrasound probe including an ultrasound
transducer that transmits ultrasound to an observed target
and receives ultrasound reflected on the observed target, the
ultrasound observation device including:

[0144] a feature data calculation unit configured to calcu-
late feature data of the ultrasound signal by analyzing the
ultrasound signal;

[0145] a smoothing unit configured to smooth the feature
data calculated by the feature data calculation unit along a
receiving depth of the ultrasound,;

[0146] an attenuation rate setting unit configured to set an
attenuation rate giving attenuation characteristics to the
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ultrasound propagating through the observed target based on
the feature data smoothed by the smoothing unit; and a
feature data correction unit configured to perform attenua-
tion correction on the feature data using an attenuation rate
set by the attenuation rate setting unit to calculate correction
feature data.
[0147] According to some embodiments, tissue character-
istics of an observed target with a non-uniform attenuation
rate can be accurately identified.
[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 observation device comprising a con-
troller, wherein
the controller is configured to:
calculate feature data of an ultrasound signal by ana-
lyzing the ultrasound signal,
divide an area of interest preliminarily set on an
ultrasound image into a plurality of sections; and
set an attenuation rate for each of the sections;
correct the attenuation rate in a range including at
least a boundary between adjacent sections in a
manner smoothly changing across the adjacent
sections; and
perform attenuation correction on the feature data
using the corrected attenuation rate to calculate
correction feature data.
2. The ultrasound observation device according to claim
1, wherein the controller is configured to interpolate the
attenuation rate in the range including the boundary between
the adjacent sections using a straight line or a curved line.
3. The ultrasound observation device according to claim
1, wherein the controller includes a filter for smoothing the
range including the boundary between the adjacent sections.
4. The ultrasound observation device according to claim
1, wherein
the controller is further configured to:
smooth the calculated feature data along a receiving
depth of the ultrasound; and
set the attenuation rate based on the smoothed feature
data.
5. The ultrasound observation device according to claim
1, wherein
the controller is further to:
analyze a frequency of the ultrasound signal to calcu-
late a plurality of frequency spectra corresponding to
a receiving depth and a receiving direction of the
ultrasound signal; and
calculate feature data of each of the frequency spectra.
6. The ultrasound observation device according to claim
5, wherein
the controller is configure to:
in each of the sections, perform attenuation correction
for removing an effect of the ultrasound on feature
data of each frequency spectrum using a plurality of
attenuation rate candidate values per unit length and
per unit frequency giving respective different attenu-
ation characteristics to the ultrasound propagating
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through the observed target to calculate preliminary
correction feature data of the frequency spectrum for
each of the attenuation rate candidate values;
set an optimal attenuation rate for the observed target
among the attenuation rate candidate values based on
a result of the calculation;
correct the optimal attenuation rate in a manner
smoothly changing across adjacent sections along a
depth direction of the ultrasound signal;
calculate a cumulative attenuation rate per unit fre-
quency at a sampling point using an optimal attenu-
ation rate of a section situated between a surface of
the ultrasound transducer and the sampling point
among corrected optimal attenuation rates of the
respective sections; and
perform attenuation correction on the feature data using
the cumulative attenuation rate to calculate correc-
tion feature data.
7. The ultrasound observation device according to claim
6, wherein the controller is configured to calculate statistical
dispersion of the preliminary correction feature data for each
of the attenuation rate candidate values and determine an
attenuation rate candidate value allowing minimal statistical
dispersion to be the optimal attenuation rate.
8. The ultrasound observation device according to claim
1, wherein the controller is configured to calculate bright-
ness of the ultrasound image as the feature data.
9. The ultrasound observation device according to claim
6, wherein
the controller is configured to:
approximate a predetermined bandwidth of the fre-
quency spectrum using a linear formula;
calculate any one or some of an intercept of the linear
formula, a slope of the linear formula, and a mid-
band fit as the feature data, the mid-band fit being a
value of the linear formula on an intermediate fre-
quency of the bandwidth, the calculated feature data
including either one of the slope and the mid-band
fit; and
set the optimal attenuation rate based on either one of
the slope and the mid-band fit.
10. The ultrasound observation device according to claim
9, wherein the controller is configured to set the optimal
attenuation rate based on the slope when the slope is used as
the feature data and set the optimal attenuation rate based on
the mid-band fit when the mid-band fit is used as the feature
data.
11. The ultrasound observation device according to claim
1, wherein
the controller is further configured to generate feature data
image data displaying information about the correction
feature data together with the ultrasound image.
12. A method of operating an ultrasound observation
device, the method comprising:
calculating, by a controller, feature data of an ultrasound
signal by analyzing the ultrasound signal;
dividing, by the controller, an area of interest preliminar-
ily set on an ultrasound image into a plurality of
sections and sefting an attenuation rate for each of the
sections;
correcting, by the controller, the attenuation rate in a
range including at least a boundary between adjacent
sections in a manner smoothly changing across the
adjacent sections; and
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performing, by the controller, attenuation correction on
the feature data using the corrected attenuation rate to
calculate correction feature data.

13. The method according to claim 12, wherein the
correcting of the attenuation rate includes interpolating the
attenuation rate in the range including the boundary between
the adjacent sections using a straight line or a curved line.

14. The method according to claim 12, wherein the
correcting of the attenuation rate includes correcting the
attenuation rate in the range including the boundary between
the adjacent sections using a filter for smoothing the range
including the boundary between the adjacent sections.

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

calculating, by a controller, feature data of an ultrasound

signal by analyzing the ultrasound signal;

dividing, by the controller, an area of interest preliminar-

ily set on an ultrasound image into a plurality of
sections and setting an attenuation rate for each of the
sections;
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correcting, by the controller, the attenuation rate in a
range including at least a boundary between adjacent
sections in a manner smoothly changing across the
adjacent sections; and

performing, by the controller, attenuation correction on
the feature data using the corrected attenuation rate to
calculate correction feature data.

16. The non-transitory computer-readable recording
medium according to claim 15, wherein the correcting of the
attenuation rate includes interpolating the attenuation rate in
the range including the boundary between the adjacent
sections using a straight line or a curved line.

17. The non-transitory computer-readable recording
medium according to claim 15, wherein the correcting of the
attenuation rate includes correcting the attenuation rate in
the range including the boundary between the adjacent
sections using a filter for smoothing the range including the
boundary between the adjacent sections.
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