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(57) ABSTRACT

An ultrasonic observation apparatus includes: a first conver-
sion unit that converts an ultrasonic signal as a time domain
signal reflected from a specimen into a frequency domain
signal; a regression analysis unit that calculates a regression
expression for the frequency domain signal; an attenuation
correction coefficient calculation unit that calculates an
attenuation correction coefficient which is obtained by divid-
ing a difference between first-order coefficients in the regres-
sion expressions at two points having different reception
depths by a difference between the reception depths at the two
points; an attenuation correction processing unit that per-
forms attenuation correction processing on the frequency
domain signal based on the attenuation correction coefficient;
a second conversion unit that converts the frequency domain
signal after the attenuation correction processing, into a sec-

(51) Imt.ClL ond time domain signal; and an image data generation unit
GO1S 7/52 (2006.01) that generates ultrasonic image data based on the second time
AG6IB 8/14 (2006.01) domain signal.
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ULTRASONIC OBSERVATION APPARATUS,
OPERATION METHOD OF THE SAME, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2013/077249 filed on Oct.
7, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2013-010539, filed on
Jan. 23, 2013, incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasonic obser-
vation apparatus for observing tissues of a specimen using
ultrasonic waves, an operation method of the ultrasonic
observation apparatus, and a computer readable recording
medium.

[0004] 2. Description of the Related Art

[0005] As an examination technique for breast cancer and
the like using ultrasonic waves, a technique called ultrasonic
elastography has been known (for example, see Japanese
Laid-open Patent Publication No. 2004-135929). Ultrasonic
elastography is a technique utilizing the fact that stiffness of
cancer or a tumor tissue inside a living body differs depending
on the progress state of a disease and each living body. In this
technique, in a state where an examined portion is pressed
from the outside, a quantity of distortion and a degree of
elasticity of the examined portion are measured using ultra-
sonic waves, and the measurement result is displayed in an
image as a tomographic image.

[0006] As an ultrasonic wave is attenuated in a living body,
it is important to know the quantity of attenuation or the
attenuation correction coefficient when an examination is
conducted. As atechnique of correcting attenuation caused by
propagation of an ultrasonic wave, STC (Sensitivity Time
Control) correction which changes an amplification factor
according to a propagation distance has been known (for
example, see Japanese Laid-open Patent Publication No.
8-131435). This technique is to change the amplification fac-
tor of a signal according to a reception depth, and is not able
to correct attenuation depending on a frequency. For this
reason, in an area having a large reception depth and distant
from the ultrasonic transducer, a high-frequency component
is attenuated and the spatial resolution is reduced.

[0007] Meanwhile, a technique for performing correction
depending on the frequency of a signal is also known (for
example, see Japanese Laid-open Patent Publication No.
9-173334). In this technique, after performing fast Fourier
transform (FFT) on a received signal, attenuation correction
is performed so as to conform with a given frequency spec-
trum, and then inverse fast Fourier transform (IFFT) is per-
formed.

[0008] Further, there is also a technique in which, with
respect to a signal on which FFT has been performed, an
inverse number is obtained for each frequency, and a spec-
trum, which increases or decreases in an inverse pattern of
that of a measurement signal, is obtained as a spectrum of a
correction coefficient, and after multiplying the correction
coefficient with the measured frequency spectrum of the sig-
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nal, IFFT is performed (for example, see Japanese Laid-open
Patent Publication No. 10-33529).

SUMMARY OF THE INVENTION

[0009] An ultrasonic observation apparatus according to
one aspect of the invention includes: a transmitting and
receiving unit configured to transmit an ultrasonic signal,
which is a time domain signal, to a specimen, and receive the
ultrasonic signal reflected from the specimen; a first conver-
sion unit configured to convert the ultrasonic signal received
by the transmitting and receiving unit into a frequency
domain signal; a regression analysis unit configured to cal-
culate a regression expression for the frequency domain sig-
nal converted by the first conversion unit; an attenuation
correction coefficient calculation unit configured to calculate
an attenuation correction coefficient which is obtained by
dividing a difference between first-order coefficients in the
regression expressions at two points having different recep-
tion depths by a difference between the reception depths at the
two points; an attenuation correction processing unit config-
ured to perform attenuation correction processing on the fre-
quency domain signal based on the attenuation correction
coefficient calculated by the attenuation correction coeffi-
cient calculation unit; a second conversion unit configured to
convert the frequency domain signal, on which the attenua-
tion correction processing has been performed by the attenu-
ation correction processing unit, into a second time domain
signal; and an image data generation unit configured to gen-
erate ultrasonic image data based on the second time domain
signal.

[0010] An operation method of an ultrasonic observation
apparatus according to another aspect of the invention is an
operation method of an ultrasonic observation apparatus that
transmits an ultrasonic signal, which is a time domain signal,
to aspecimen and receives the ultrasonic signal reflected from
the specimen. The method includes: converting the received
ultrasonic signal into a frequency domain signal by a first
conversion unit; calculating a regression expression for the
frequency domain signal by a regression analysis unit; calcu-
lating an attenuation correction coefficient by an attenuation
correction coefficient calculation unit, the attenuation correc-
tion coefficient being obtained by dividing a difference
between first-order coefficients in the regression expressions
attwo points having different reception depths by a difference
between the reception depths at the two points; performing
attenuation correction processing on the frequency domain
signal based on the attenuation correction coefficient, using
an attenuation correction processing unit; converting the fre-
quency domain signal, on which the attenuation correction
processing has been performed, into a second time domain
signal, using a second conversion unit; and generating ultra-
sonic image data based on the second time domain signal,
using an image data generation unit.

[0011] A non-transitory computer readable recording
medium according to still another aspect of the invention is a
non-transitory computer readable recording medium with an
executable program stored thereon. The program instructs a
processor to perform: converting the received ultrasonic sig-
nal into a frequency domain signal by a first conversion unit;
calculating a regression expression for the frequency domain
signal by a regression analysis unit; calculating an attenuation
correction coefficient by an attenuation correction coefficient
calculation unit, the attenuation correction coefficient being
obtained by dividing a difference between first-order coeffi-



US 2015/0029821 Al

cients in the regression expressions at two points having
different reception depths by a difference between the recep-
tion depths at the two points; performing attenuation correc-
tion processing on the frequency domain signal based on the
attenuation correction coefficient, using an attenuation cor-
rection processing unit; converting the frequency domain
signal, on which the attenuation correction processing has
been performed, into a second time domain signal, using a
second conversion unit; and generating ultrasonic image data
based on the second time domain signal, using an image data
generation unit.

[0012] The above and other features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isablock diagram illustrating a configuration
of an ultrasonic observation apparatus according to a first
embodiment of the present invention;

[0014] FIG. 2 is a diagram illustrating a relationship
between a reception depth and an amplification factor of an
echo signal in amplification processing performed by a signal
amplification unit of the ultrasonic observation apparatus
according to the first embodiment of the present invention;
[0015] FIG. 3 is a diagram illustrating a relationship
between a reception depth and an amplification factor in
amplification processing performed by an amplification cor-
rection unit of the ultrasonic observation apparatus according
to the first embodiment of the present invention;

[0016] FIG. 4 is a flowchart illustrating the outline of pro-
cessing performed by the ultrasonic observation apparatus
according to the first embodiment of the present invention;
[0017] FIG. 5 is a flowchart illustrating the outline of FFT
processing performed by an FFT processing unit of the ultra-
sonic observation apparatus according to the first embodi-
ment of the present invention;

[0018] FIG. 6is a diagram schematically illustrating a data
array of a single acoustic ray to be processed by the ultrasonic
observation apparatus according to the first embodiment of
the present invention;

[0019] FIG. 7 is a diagram illustrating an exemplary fre-
quency spectrum calculated by the FFT processing unit of the
ultrasonic observation apparatus according to the first
embodiment of the present invention;

[0020] FIG. 8 is a diagram schematically illustrating
attenuation correction coefficient calculation processing pet-
formed by an attenuation correction coefficient calculation
unit of the ultrasonic observation apparatus according to the
first embodiment of the present invention;

[0021] FIG.9isa diagram illustrating the outline of attenu-
ation correction processing performed by an attenuation cor-
rection processing unit of the ultrasonic observation appara-
tus according to the first embodiment of the present invention;
[0022] FIG. 10 is a block diagram illustrating a configura-
tion of an ultrasonic observation apparatus according to a
second embodiment of the present invention; and

[0023] FIG. 11 is a frequency spectral curve and an
approximate curve thereof calculated by an ultrasonic obser-
vation apparatus according to another embodiment of the
present invention.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Hereinafter, modes for carrying out the present
invention (hereinafter referred to as “embodiments”) will be
described with reference to the accompanying drawings.

First Embodiment

[0025] FIG. 1isablock diagram illustrating a configuration
of an ultrasonic observation apparatus according to a first
embodiment of the present invention. An ultrasonic observa-
tion apparatus 1 illustrated in the drawing is an apparatus for
observing a specimen to be diagnosed using ultrasonic waves.
[0026] The ultrasonic observation apparatus 1 includes an
ultrasonic probe 2 which outputs ultrasonic pulses to the
outside and receives ultrasonic echoes reflected outside, a
transmitting and receiving unit 3 which transmits and
receives electrical signals to/from the ultrasonic probe 2, a
computing unit 4 which performs arithmetic operation on
electrical echo signals obtained by converting ultrasonic ech-
oes, an image data generation unit 5 which generates image
data corresponding to electrical echo signals obtained by
converting ultrasonic echoes, an input unit 6 which is realized
using interfaces such as a keyboard, a mouse, a touch panel,
and the like, and accepts inputs of various types of informa-
tion, a display unit 7 which is realized by a display panel
formed of liquid crystal, organic EL, or the like, and displays
various types of information including images generated by
the image data generation unit 5, a storage unit 8 which stores
various types of information including window functions to
be used for frequency analysis, and a control unit 9 which
controls operation of the ultrasonic observation apparatus 1.
[0027] The ultrasonic probe 2 includes a signal conversion
unit 21 which converts an electrical pulse signal received
from the transmitting and receiving unit 3 into an ultrasonic
pulse (acoustic pulse signal), and converts an ultrasonic echo
reflected on an outside specimen into an electrical echo sig-
nal. The ultrasonic probe 2 may be a probe which allows an
ultrasonic transducer to perform scanning mechanically, or a
probe which allows a plurality of ultrasonic transducers to
perform scanning electronically.

[0028] The transmitting and receiving unit 3 is electrically
connected to the ultrasonic probe 2, and transmits pulse sig-
nals to the ultrasonic probe 2 and receives echo signals, which
are reception signals, from the ultrasonic probe 2. Specifi-
cally, the transmitting and receiving unit 3 generates pulse
signals based on a preset waveform and transmission timing,
and transmits the generated pulse signals to the ultrasonic
probe 2.

[0029] The transmitting and receiving unit 3 includes a
signal amplification unit 31 which amplifies echo signals.
Specifically, the signal amplification unit 31 performs STC
correction in which an echo signal having a larger reception
depth is amplified with a higher amplification factor. FIG. 2 s
a diagram illustrating a relationship between the reception
depth of an echo signal and the amplification factor. A recep-
tion depth z illustrated in FIG. 2 is a quantity calculated based
on an elapsed period of time from the point of time when
reception of an ultrasonic wave begins. As illustrated in FIG.
2, if the reception depth z is smaller than a threshold z,,, an
amplification factor § (dB) increases linearly from 3, to f3,,
(>Po) with an increase in the reception depth z. Further, if the
reception depth z is equal to or larger than the threshold z,,,
the amplification factor 3 takes a constant value f ;. The value
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of the threshold z,, is a value at which an ultrasonic signal
received from a specimen is attenuated almost completely so
that noise becomes dominant. More generally, if the reception
depth z is smaller than the threshold z,,, it is only necessary
that the amplification factor f§ increases monotonically with
an increase in the reception depth z.

[0030] The transmitting and receiving unit 3 performs pro-
cessing such as filtering and the like on an echo signal ampli-
fied by the signal amplification unit 31, and then performs
A/D conversion to thereby generate and output a digital RF
signal of a time domain. It is noted that, in the case where the
ultrasonic probe 2 is a probe which allows a plurality of
ultrasonic transducers to perform scanning electronically, the
transmitting and receiving unit 3 includes a multi-channel
circuit for beam synthesis corresponding to the ultrasonic
transducers.

[0031] Thecomputing unit 4 includes an amplification cor-
rection unit 41 which performs amplification correction for
making the amplification factor constant, independent of the
reception depth, on a digital RF signal output from the trans-
mitting and receiving unit 3, an FFT processing unit 42 which
performs fast Fourier transform (FFT) on the digital RF sig-
nal, on which amplification correction has been performed, to
thereby obtain a signal of a frequency domain (frequency
spectrum), a regression analysis unit 43 which performs
regression analysis on the signal on which FFT has been
performed by the FFT processing unit 42, an attenuation
correction coefficient calculation unit 44 which calculates an
attenuation correction coefficient based on the result of
regression analysis performed by the regression analysis unit
43, an attenuation correction processing unit 45 which per-
forms attenuation correction of the signal, on which FFT has
been performed, using the attenuation correction coefficient
calculated by the attenuation correction coefficient calcula-
tion unit 44, and an IFFT processing unit 46 which performs
inverse fast Fourier transform (IFFT) on the signal, on which
aftenuation correction has been performed by the attenuation
correction processing unit 45, to thereby obtain a signal of a
time domain.

[0032] FIG. 3 is a diagram illustrating a relationship
between the reception depth and the amplification factor in
amplification processing performed by the amplification cor-
rection unit 41. As illustrated in FIG. 3, the amplification
factor § (dB) in the amplification processing performed by the
amplification correction unit 41 takes a maximum value f3,;,-
[, when the reception depth z s zero, decreases linearly until
the reception depth z reaches the threshold z,,, from zero, and
takes zero when the reception depth z is equal to or larger than
the threshold z,,. By performing amplification correction on a
digital RF signal by the amplification correction unit 41 using
the amplification factor determined in this way, an effect of
STC correction by the signal amplification unit 31 is offset,
whereby a signal having a constant amplification factor f,,,
can be output. It is noted that the relationship between the
reception depth z and the amplification factor f§ performed by
the amplification correction unit 41 varies depending on the
relationship between the reception depth and the amplifica-
tion factor in the signal amplification unit 31, of course.
[0033] The FFT processing unit 42 calculates a signal of a
frequency domain, that is, a frequency spectrum, by perform-
ing FFT on an FFT data group including a given amount of
data, with respect to each acoustic ray (line data) to be pro-
cessed. The FFT processing unit 42 corresponds to a first
conversion unit which converts an ultrasonic signal received
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by the transmitting and receiving unit 3 into a frequency
domain signal. The calculation result of FFT is obtained as a
complex number, and is stored in the storage unit 8. A fre-
quency spectrum shows a different tendency depending on
the tissue characterization of a specimen. This is because a
frequency spectrum is correlated with the size, density, acous-
tic impedance, and the like of the specimen as a scatterer
which scatters ultrasonic waves.

[0034] The regression analysis unit 43 performs regression
analysis on each spectrum having an intensity I(f), where the
frequency spectrum of the reception depths z at two or more
points (distances from the ultrasonic transducer provided to
the ultrasonic probe 2) calculated by the FFT processing unit
42 is represented by the intensity I(f,z) and the phase ¢(f,z)
(“f” represents a frequency), to thereby calculates a regres-
sion expression which is a linear expression. The first-order
coefficient of the regression expression (hereinafter referred
to as “slope”) is correlated with the size of the attenuation
correction coefficient of an ultrasonic wave. Accordingly, as
the attenuation correction coefficient is larger, a change of the
slope with respect to a propagation distance of the ultrasonic
wave becomes larger.

[0035] The attenuation correction coefficient calculation
unit 44 calculates an attenuation correction coefficient of an
ultrasonic wave using the slopes of the regression expressions
extracted by the regression analysis unit 43, and the reception
depths at two or more points with which the regression
expressions are calculated. Specifically, assuming that the
slope of the regression expression of the frequency spectrum
at a reception depth z, is a, and the slope of the regression
expression of the frequency spectrum at a reception depth z,
is a,, the attenuation correction coefficient calculation unit 44
calculates an attenuation correction coefficient o between the
two points z, and z, (>z, ) from the following expression (1):

a=la;-a,)/(z,-2;) )]

[0036] As obvious from Expression (1), the attenuation
correction coefficient o corresponds to an average attenuation
correction coefficient between the two points. Here, the
reception depths 7, and z, in Expression (1) can be calculated
based on the reception times of echo signals. It is noted that a
difference z,~z, between the reception depths of the two
points is preferably almost similar to the wavelength of the
ultrasonic wave (approximately several mm, for example)
output by the ultrasonic probe 2.

[0037] The attenuation correction processing unit 45 per-
forms attenuation correction processing of the frequency
spectrum based on the attenuation correction coefficient cal-
culated by the attenuation correction coefficient calculation
unit 44. Specifically, the attenuation correction processing
unit 45 corrects the intensity I(f,z, ) excluding the phase com-
ponent of the frequency spectrum of the reception depth z, as
follows:

I(fz)=Ifz )+200z )z, f @

[0038] Here, a(z,) in right-hand side is given by a of
Expression (1), for example.

[0039] The IFFT processing unit 46 performs IFFT pro-
cessing on the frequency spectrum corrected by the attenua-
tion correction processing unit45 to thereby obtain a signal of
a time domain (second time domain signal). The IFFT pro-
cessing unit 46 corresponds to a second conversion unit
which converts the frequency domain signal, on which
attenuation correction has been performed by the attenuation
correction processing unit 45, into a second time domain
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signal. The second time domain signal is an ultrasonic signal
on which attenuation correction has been performed corre-
sponding to the reception depth and the frequency. Accord-
ingly, it is possible to obtain an ultrasonic signal in which a
high-frequency component is also restored, which is different
from the processing which only increases the amplification
factor of a signal as in the conventional art.

[0040] The image data generation unit 5 performs signal
processing on the real part of the second time domain signal,
on which attenuation correction has been performed by the
computing unit 4, using well-known art such as filter process-
ing, logarithmic compression, gain processing, contrast pro-
cessing, and the like. The image data generation unit 5 also
performs decimation of data and the like corresponding to the
data step width determined depending on the image display
range in the display unit 7, to thereby generate ultrasonic
image data. The ultrasonic image data corresponds to data on
which attenuation correction depending on the frequency is
performed on B mode image data which is a grayscale image,
in which the values of R (red), G (green), and B (blue) being
variables when an RGB color system is adopted as a color
space are conformed.

[0041] The storage unit 8 includes an amplification factor
information storage unit 81 which stores information of
amplification factors to be referred to when the signal ampli-
fication unit 31 and the amplification correction unit 41 per-
form amplification processing, a window function storage
unit 82 which stores at least one of window functions such as
Hamming, Hanning, and Blackman as a window function to
be used in FFT processing performed by the FFT processing
unit 42, and an attenuation correction information storage
unit 83 which stores the attenuation correction coefficient
calculated by the attenuation correction coefficient calcula-
tion unit 44, along with the slopes a, and a, and the reception
depths z, and z, in Expression (1).

[0042] The storage unit 8 is realized using a ROM in which
an operation program of the ultrasonic observation apparatus
according to the first embodiment, a program for activating a
specified OS, and the like have been stored in advance, a
RAM in which operation parameters of various types of pro-
cessing, data, and the like are stored, and the like.

[0043] The control unit 9 is realized using a CPU and the
like, and collectively controls operation of the ultrasonic
observation apparatus 1. The control unit 9 reads, from the
storage unit 8, information and various types of programs
including the operation program of the ultrasonic observation
apparatus described above stored in the storage unit 8, to
thereby perform arithmetic processing related to an operation
method of the ultrasonic observation apparatus according to
the first embodiment.

[0044] It is noted that the operation program of the ultra-
sonic observation apparatus according to the first embodi-
ment may be recorded on a computer readable recording
medium such as a hard disk, a flash memory, a CD-ROM, a
DVD-ROM, or a flexible disk so as to be made available
widely.

[0045] FIG. 4 is a flowchart illustrating the outline of pro-
cessing by the ultrasonic observation apparatus 1 having the
configuration described above. In FIG. 4, the ultrasonic
observation apparatus 1 first measures a new specimen by the
ultrasonic probe 2 (step S1).

[0046] Subsequently, the signal amplification unit 31
which has received an echo signal from the ultrasonic probe 2
amplifies the echo signal (step S2). At this step, the signal
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amplification unit 31 performs amplification (STC correc-
tion) based on the relationship between the amplification
factor and the reception depth illustrated in FIG. 2.

[0047] Then, the amplification correction unit 41 performs
correction on the signal output from the transmitting and
receiving unit 3 so as to make the amplification factor con-
stant independent of the reception depth (step S3). At this
step, the amplification correction unit 41 performs amplifica-
tion correction based on the relationship between the ampli-
fication factor and the reception depthillustrated in F1G. 3, for
example.

[0048] Subsequently. the FFT processing unit 42 performs
FFT processing on the signal on which amplification correc-
tion has been performed (step S4). FIG. 5 is a flowchart
illustrating the outline of the FFT processing performed by
the FFT processing unit 42. Hereinafter, the FFT processing
performed by the FFT processing unit 42 will be described in
detail with reference to FIG. 5.

[0049] First, the FFT processing unit 42 sets a counterk, for
identifying an acoustic ray to be analyzed, to be k, (step S21).
[0050] Subsequently. the FFT processing unit 42 sets an
initial value Z%, of a data position (corresponding to a recep-
tion depth) Z® a series of data group (FFT data group)
acquired for FFT operation (step S22). FIG. 6 is a diagram
schematically illustrating a data array of a single acoustic ray.
Inanacoustic ray SR, illustrated in the drawing, a rectangle in
white or black means a single piece of data. The acoustic ray
SR, is discretized at time intervals corresponding to a sam-
pling frequency (e.g., 50 MHz) in A/D conversion performed
by the transmitting and receiving unit 3. Although FIG. 6
illustrates a case where the first data position in the acoustic
ray SR, is set to be the initial value Z*,, the position of the
initial value can be set arbitrary.

[0051] Then, the FFT processing unit 42 acquires the FFT
data group at the data position Z* (step $23), and applies the
window function stored in the window function storage unit
82 to the acquired FFT data group (step S24). In this way, by
applying the window function to the FFT data group, it is
possible to avoid the FFT data group becoming discontinuous
at the boundary, and to prevent generation of artifacts.
[0052] Subsequently. the FFT processing unit 42 deter-
mines whether or not the FFT data group at the data position
7™ is a normal data group (step S25). Here, the FFT data
group must have the number of data of a power of two.
Hereinafter, the number of data of the FFT data group is
assumed to be 2” (n is a positive integer). The FFT data group
being normal means the data position Z* is at the 2 th
position from the front in the FFT data group. In other words,
the FFT data group being normal means that 2”* (=N) pieces
of data are located in front of the data position Z%, and 2!
(=M) pieces of data are located behind the data position Z®.
In the case illustrated in FIG. 6, both the FFT data groups F,
and F, are normal, provided that n=4 (N=7, M=8) in FIG. 6.
[0053] As a result of determination at step S25, if the FFT
data group at the data position Z%* is normal (step S25: Yes),
the FFT processing unit 42 proceeds to step S27 described
below.

[0054] As a result of the determination at step S25, if the
FFT data group at the data position Z* is abnormal (step S25:
No), the FFT processing unit 42 generates a normal FFT data
group by inserting zero data for the shortfall (step S26). The
window function has been applied to the FFT data group
determined as abnormal at step S25 before adding zero data.
Therefore, even if zero data is inserted in the FFT data group,
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data discontinuity will not occur. After step S26, the FFT
processing unit 42 proceeds to step S27 described below.
[0055] At step S27, the FFT processing unit 42 performs
FFT operation using the FFT data group to thereby acquire a
frequency spectrum which is a complex number (step S27).
[0056] Subsequently, the FFT processing unit 42 changes
the data position Z® by a step width D (step $28). The step
width D is assumed to be stored in advance in the storage unit
8. FIG. 6 illustrates an exemplary case where D=15. It is
desirable that the step width D is equal to the data step width
to be used when the image data generation unit 5 generates B
mode image data. However, if it is desirable to reduce the
operation amount in the FFT processing unit 42, a value larger
than the data step width used by the image data generation
unit 5 may be set.

[0057] Then, the FFT processing unit 42 determines
whether or not the data position 2% is larger than a maximum
value Z®, in the acoustic ray SR, (step $29). If the data
position Z® is larger than the maximum value Z®___ (step
S29: Yes), the FFT processing unit 42 increments the counter
k by one (step $30). On the other hand, ifthe data position Z®
is the maximum value Z*'_or smaller (step $29: No), the
FFT processing unit 42 returns to step S23. In this way, the
FFT processing unit 42 performs FFT operation on the [{(Z
® ~Z®)D}+1] FFT data groups, with respect to the
acoustic ray SR,. In this example, [X] represents a maximum
integer not exceeding X.

[0058] After step S30, the FFT processing unit 42 deter-
mines whether or not the counter k is larger than a maximum
valuek,,,. (step 31). If the counter k is larger thank . (step
S31: Yes), the FFT processing unit 42 ends the series of FFT
processing. On the other hand, if the counter k is k,, . or
smaller (step S31: No), the FFT processing unit 42 returns to
step S22.

[0059] 1t is noted that while, in this example, it is the
premise that the FFT processing unit 42 performs FFT pro-
cessing on the entire area where a ultrasonic signal is
received, it is possible to accept an setting input of a particular
area of concern by the input unit 6 beforehand and perform
FFT processing in the area of concern.

[0060] FIG. 7 is a diagram illustrating an exemplary fre-
quency spectrum calculated by the FFT processing unit 42. In
FIG. 7, the horizontal axis f shows a frequency and the ver-
tical axis I shows intensity. A frequency spectral curve C,;
illustrated in FIG. 7 gives an intensity spectrum excluding a
phase component at a data position (reception depth) Z®. Itis
noted that in the first embodiment, a curve and a straight line
including a set of discrete points. This is also the same even in
the embodiments described below. A frequency band is deter-
mined based on the frequency band of the ultrasonic probe 2,
the frequency band of a pulse signal transmitted by the trans-
mitting and receiving unit 3, and the like. In the case illus-
trated in FIG. 7, the frequency band is a band between the
lower limit frequency f; and the upper limit frequency f,.
Specific values of the lower limit frequency f; and the upper
limit frequency f,, of the frequency spectrum in this case are
f,=3 MHz and f,,=10 MHz, for example. It is noted that at a
point where the reception depth is larger than a given value
among the points on the acoustic ray, the upper limit value of
the frequency band may be set to a value smaller than the
upper limit frequency f,. Further, the frequency band illus-
trated in FIG. 7 is merely an example. Another value in the
proximity of the upper limit frequency f;; may be set as an
upper limit value, while another value in the proximity of the

Jan. 29,2015

lower limit frequency f; may be set as a lower limit value. The
straight line L, illustrated in FIG. 7 will be described below.

[0061] Further description will be continued by returning to
the flowchart of FIG. 4. Subsequent to the FFT processing at
step S4 described above, the regression analysis unit 43 per-
forms regression analysis on the frequency spectrum calcu-
lated by the FFT processing unit 42 to thereby extract a
parameter of the regression expression (step S5). Specifically,
the regression analysis unit 43 calculates a regression expres-
sion (linear expression) of a frequency spectrum having a
frequency band f,<f<f, by regression analysis to thereby
extract slope “a”. The straight line L, illustrated in FIG. 7is a
regression line obtained by performing regression analysis
processing on the frequency spectral curve C, by the regres-
sion analysis unit 43 at this step S5.

[0062] Then, the attenuation correction coefficient calcula-
tion unit 44 calculates the attenuation correction coefficient o
according to Expression (1) described above (step S6). FIG. 8
is a diagram schematically illustrating attenuation correction
coefficient calculation processing performed by the attenua-
tion correction coefficient calculation unit 44. The acoustic
ray SR illustrated in FIG. 8 shows three points P, Q, and R
adjacent to each other along the direction of the reception
depth on a single acoustic ray from which attenuation correc-
tion coefficients are calculated. It is assumed that the recep-
tion depths of the points P, Q, and R are zp, 7, and z,
respectively (7;<75<7p). It is also assumed that the slopes of
the approximate straight lines of the frequency spectrums at
the points P, Q, and R are a, g and ag, respectively. In this
example, the attenuation correction coefficient a(z;) at the
point Q is calculated by substituting the reception depth z,,
and the slope a,, of itself, and the reception depth z, and the
slope ap of the point P which is adjacent thereto and has a
smaller reception depth than that of itself, into Expression (1)
as follows:

azg)=(ap-ag)/(zg-zp) 3
Similarly, the attenuation correction coeflicient o(zy) at the
point R is calculated by substituting the reception depth 7
and the slope a, of itself, and the reception depth z, and the
slope a,, of the point Q which is adjacent thereto and has a
smaller reception depth than that of itself, into Expression (1)
as follows:

alzg)=(ag-ag)/(zg-zg) “

The attenuation correction coefficients calculated by the
attenuation correction coefficient calculation unit 44 in this
way are stored in the attenuation correction information stor-
age unit 83.

[0063] Subsequently. the attenuation correction processing
unit 45 performs attenuation correction processing based on
the attenuation correction coefficients calculated by the
attenuation correction coefficient calculation unit 44 (step
S7). FIG. 9 is a diagram illustrating the outline of attenuation
correction processing performed by the attenuation correc-
tion processing unit 45. The attenuation correction processing
unit 45 performs attenuation correction on the frequency
spectrum using Expression (3). Specifically, the intensity
spectrum [(f,;z) is corrected according to the following
Expression (5):

I'(fo)=I{fz)+2az)zf (5)

Thereby, a frequency spectral curve C, after the attenuation
correction is obtained.
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[0064] Tt is noted that when calculating the attenuation
correction coefficient at the point Q in FIG. 8, the data posi-
tions and the slopes of the point Q and the point R may be
used. As shown above, when calculating an attenuation cor-
rection coefficient of a point, the way of selecting a point
other than oneself is not limited to those described above.

[0065] Then, the IFFT processing unit 46 performs IFFT
processing on the frequency spectrum after the attenuation
correction (step S8). Specifically, the IFFT processing unit 46
performs IFFT processing on a complex number which is
obtained by adding the phase component of the frequency
spectrum before correction to the intensity spectrum I'(f,z) of
Expression (5). Thereby, an ultrasonic signal of a time
domain, on which attenuation correction dependent on the
frequency has been performed, is obtained.

[0066] Subsequently, the image data generation unit 5 gen-
erates image data based on the ultrasonic signal of a fre-
quency domain on which attenuation correction has been
performed by the computing unit 4 (step S9).

[0067] Thedisplay unit 7 displays an image corresponding
to the image data generated by the image data generation unit
5 (step S10).

[0068] According to the first embodiment of the present
invention described above, attenuation correction processing
on the signal, on which FFT processing was performed, is
performed using the attenuation correction coefficients cal-
culated based on the first-order coefficients in the regression
expressions of two or more points having different reception
depths. Subsequently, ultrasonic image data is generated
based on the time domain signal obtained by performing
TFFT processing. Thereby, it is possible to perform appropri-
ate attenuation correction in real time based on the measure-
ment result.

[0069] Further, according to the first embodiment, by cor-
recting attenuation dependent on the frequency, it is possible
to display an ultrasonic image having good spatial resolution
even in an area distant from the ultrasonic probe.

[0070] It is noted that while, in the first embodiment,
attenuation correction coefficients are calculated using two
points on a single acoustic ray, more generally, attenuation
correction coefficients may be calculated using a plurality of
points on a single acoustic ray. For example, in the case of
using three points, there are three ways of combining two
points among the three points. In that case, it is only necessary
that the attenuation correction coefficient calculation unit 44
first calculates an attenuation correction coefficient between
adjacent two points based on Expression (1), and then calcu-
lates an average value of the two attenuation correction coef-
ficients calculated, as a final attenuation correction coeffi-
cient. Further, in the case of using three points, it is possible
that the attenuation correction coefficient calculation unit 44
calculates attenuation correction coefficients with respect to
all of the combinations of two points which can be obtained
from the three points, and calculates an average value as a
final attenuation correction coefficient.

Second Embodiment

[0071] FIG. 10 is a block diagram illustrating a configura-
tion of an ultrasonic observation apparatus according to a
second embodiment of the present invention. An ultrasonic
observation apparatus 101 illustrated in the drawing is differ-
ent in the configuration of a computing unit 102, compared
with the ultrasonic observation apparatus 1. Therefore, ele-
ments having similar functions as those of the elements of the
ultrasonic observation apparatus 1 are denoted by the same
reference signs.
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[0072] The computing unit 102 includes a band limitation
correction unit 103, in addition to the configuration included
in the computing unit 4 (the amplification correction unit 41,
the FFT processing unit 42, the regression analysis unit 43,
the attenuation correction coefficient calculation unit 44, the
attenuation correction processing unit 45, and the IFFT pro-
cessing unit 46) of the ultrasonic observation apparatus 1.
[0073] The band limitation correction unit 103 performs
correction to limit the frequency band to thereby reduce con-
tribution of frequency components outside the given fre-
quency band, with respect to the frequency spectrum on
which correction has be performed by the attenuation correc-
tion processing unit 45. As such a correction, the band limi-
tation correction unit 103 performs processing to replace
unnecessary spectral intensity with zero, in a frequency com-
ponent outside the given frequency band, for example. This
processing can be performed by applying a specified window
function to the frequency spectrum, for example.

[0074] According to the second embodiment of the present
invention described above, in addition to an advantageous
effect similar to that of the first embodiment described above,
it is possible to prevent noise of a high-frequency component
from being emphasized excessively due to attenuation cor-
rection.

[0075] It is noted that in the second embodiment, the
attenuation may be performed by multiplying a specified
weight, instead of replacing unnecessary spectral intensity
with zero.

[0076] Further, in the second embodiment, the band limi-
tation correction unit 103 may attenuate unnecessary spectral
intensity with respect to the ultrasonic signal of a time domain
obtained by performing IFFT processing by the IFFT pro-
cessing unit 46.

Other Embodiments

[0077] While modes for carrying out the present invention
have been described, the present invention is not limited to the
two embodiments described above. FIG. 11 is a diagram
illustrating a frequency spectral curve calculated by an ultra-
sonic observation apparatus according to another embodi-
ment of the present invention, and aregression curve obtained
by performing regression analysis on the frequency spectral
curve. In FIG. 11, a curve C;, is a regression curve of a
frequency spectral curve C; (assumed to have a reception
depth z,), and a curve C,, is a regression curve of a frequency
spectral curve C, (assumed to have a reception depth z,
>23)).

[0078] On the assumption that attenuvation along with
propagation of an ultrasonic wave is proportional to the
reception depth and the frequency, respectively, in a differ-
ence between an expression of the frequency spectral curve
C,, thatis, I,(f)=c,,+C,, f+c,,f°+ . . . and an expression of the
frequency spectral curve C,,, that is, I,(f)=c o +c, f+e T2+ . .
., a first-order term becomes dominant.

Lh-L(fi~(cs1=car)f (6)

[0079] Accordingly, an attenuation correction coefficient o
between the reception depth z, and the reception depth z, can
be defined as follows:

a=(c3,-C41)/(74-73) ™

[0080] In this way, even in the case where the frequency
spectrum cannot be approximated by a linear expression, it is
possible to calculate an attenuation correction coefficient
accurately and easily by performing regression analysis using
a more general polynomial.
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[0081] Further, in general, as for an image generated based
on amplitude information, it is possible to obtain an advanta-
geous effect similar to that described above by performing
frequency-dependent attenuation correction. Such an image
includes an A mode image, a C mode image, and a three-
dimensional display image.

[0082] Further, tissue characterization of a body tissue may
be determined using an attenuation correction coefficient cal-
culated by the attenuation correction coefficient calculation
unit. This is because, in the case where the observation target
is a body tissue, it is known that an attenuation correction
coefficient of an ultrasonic wave has a relation with the tissue
characterization of the body tissue.

[0083] As obvious from the above description, the present
invention may include various embodiments within the scope
not deviating from the technical concept described in the
claims.

[0084] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. An ultrasonic observation apparatus comprising:

a transmitting and receiving unit configured to transmit an
ultrasonic signal, which is a time domain signal, to a
specimen, and receive the ultrasonic signal reflected
from the specimen;,

a first conversion unit configured to convert the ultrasonic
signal received by the transmitting and receiving unit
into a frequency domain signal,

a regression analysis unit configured to calculate a regres-
sion expression for the frequency domain signal con-
verted by the first conversion unit;

an attenuation correction coefficient calculation unit con-
figured to calculate an attenuation correction coefficient
which is obtained by dividing a difference between first-
order coefficients in the regression expressions at two
points having different reception depths by a difference
between the reception depths at the two points;

an attenuation correction processing unit configured to
perform attenuation correction processing on the fre-
quency domain signal based on the attenuation correc-
tion coefficient calculated by the attenuation correction
coefficient calculation unit;

a second conversion unit configured to convert the fre-
quency domain signal, on which the attenuation correc-
tion processing has been performed by the attenuation
correction processing unit, into a second time domain
signal; and

an image data generation unit configured to generate ultra-
sonic image data based on the second time domain sig-
nal.

2. The ultrasonic observation apparatus according to claim

1, wherein the attenuation correction processing unit is con-
figured to perform the attenuation correction processing on
the frequency domain signal of a larger one of the reception
depths at the two points used for calculating the attenuation
correction coefficient, by applying the attenuation correction
coefficient calculated based on the reception depths at the two
points.
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3. The ultrasonic observation apparatus according to claim
1, further comprising a band limitation correction unit con-
figured to perform correction to limit a frequency band to a
given frequency band to thereby reduce contribution of a
frequency component outside the given frequency band, after
correction by the attenuation correction processing unit and
before conversion by the second conversion or after conver-
sion by the second conversion unit.

4. The ultrasonic observation apparatus according to claim
1, wherein the image data generation unit is configured to
generate the ultrasonic image data based on amplitude infor-
mation of the second time domain signal.

5. An operation method of an ultrasonic observation appa-
ratus that transmits an ultrasonic signal, which is a time
domain signal, to a specimen and receives the ultrasonic
signal reflected from the specimen, the method comprising:

converting the received ultrasonic signal into a frequency

domain signal by a first conversion unit;
calculating a regression expression for the frequency
domain signal by a regression analysis unit;

calculating an attenuation correction coeflicient by an
attenuation correction coefficient calculation unit, the
attenuation correction coefficient being obtained by
dividing a difference between first-order coefficients in
the regression expressions at two points having different
reception depths by a difference between the reception
depths at the two points;

performing attenuation correction processing on the fre-

quency domain signal based on the attenuation correc-
tion coefficient, using an attenuation correction process-
ing unit;

converting the frequency domain signal, on which the

attenuation correction processing has been performed,
into a second time domain signal, using a second con-
version unit; and

generating ultrasonic image data based on the second time

domain signal, using an image data generation unit.

6. A non-transitory computer readable recording medium
with an executable program stored thereon, the program
instructing a processor to perform:

converting the received ultrasonic signal into a frequency

domain signal by a first conversion unit;
calculating a regression expression for the frequency
domain signal by a regression analysis unit;

calculating an attenuation correction coefficient by an
attenuation correction coefficient calculation unit, the
attenuation correction coefficient being obtained by
dividing a difference between first-order coefficients in
the regression expressions at two points having different
reception depths by a difference between the reception
depths at the two points;

performing attenuation correction processing on the fre-

quency domain signal based on the attenuation correc-
tion coefficient, using an attenuation correction process-
ing unit;

converting the frequency domain signal, on which the

attenuation correction processing has been performed,
into a second time domain signal, using a second con-
version unit; and

generating ultrasonic image data based on the second time

domain signal, using an image data generation unit.
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