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(7) ABSTRACT

An ultrasonic observation apparatus includes: ultrasound
probes; a storage unit that stores, for each ultrasound probe,
attenuation that is a difference in signal intensity for each
frequency between a predetermined common waveform and
a waveform obtained by providing the ultrasound probes
with a common transmission drive wave; a transmission
drive wave generating unit that generates, for each ultra-
sound probe, a transmission drive wave obtained by adding
the attenuation to the common transmission drive wave; and
a reception signal correcting unit that performs a correction
for each frequency, by adding the attenuation to a reception
signal which is obtained by transmitting to the specimen the
transmission echo having the predetermined common wave-
form and by converting the reception echo reflected from the
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specimen, the transmission echo being obtained by convert-
ing the transmission drive wave that is given by adding the
attenuation to the common transmission drive wave.

6 Claims, 14 Drawing Sheets
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ULTRASONIC OBSERVATION APPARATUS,
OPERATION METHOD OF ULTRASONIC
OBSERVATION APPARATUS, AND
COMPUTER READABLE RECORDING
MEDIUM

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of PCT international
application Ser. No. PCT/JP2014/063395 filed on May 20,
2014 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2013-149831, filed on
Jul. 18, 2013, incorporated herein by reference.

BACKGROUND

1. Technical Field

The disclosure relates to an ultrasonic observation appa-
ratus for observing tissues of a specimen using ultrasonic
waves, a method for operating the ultrasonic observation
apparatus, and a computer readable recording medium.

2. Related Art

In an ultrasonic observation apparatus for generating an
ultrasound image of a specimen based on ultrasonic waves,
it is preferable that an image displayed in quantitatively
evaluating the ultrasound image not be affected by types of
an ultrasound probe that transmits and receives ultrasonic
waves. In the related art, a technique is known that corrects
a reception signal based on frequency characteristics of
transducers stored in advance in generating an image using
the reception signal in order to suppress variations in trans-
ducers of an ultrasonic observation apparatus that generates
an ultrasound image of a specimen based on ultrasonic
signals (for example, see Japanese Laid-open Patent Publi-
cation No. 2012-250080). Another technique is known that
monitors a transmission drive signal and corrects the trans-
mission drive signal based on ideal waveform data stored in
advance in order to suppress variations in transducers (for
example, see Japanese Laid-open Patent Publication No.
2005-270247).

SUMMARY

In some embodiments, an ultrasonic observation appara-
tus includes: a plurality of ultrasound probes each config-
ured to transmit to a specimen a transmission echo obtained
by converting a transmission drive wave which is an elec-
trical signal, to receive a reception echo reflected from the
specimen, and to convert the reception echo into a reception
signal which is an electrical signal; a storage unit configured
to store, for each ultrasound probe, attenuation that is a
difference in signal intensity for each frequency between a
predetermined common waveform and a waveform obtained
by providing the plurality of ultrasound probes with a
common transmission drive wave, in order for a waveform
of the transmission echo of each of the plurality of ultra-
sound probes to be the predetermined common waveform; a
transmission drive wave generating unit configured to gen-
erate, for each ultrasound probe, a transmission drive wave
obtained by adding the attenuation to the common transmis-
sion drive wave, with reference to the storage unit, in order
to transmit to the specimen the transmission echo having the
predetermined common waveform; a reception signal cor-
recting unit configured to perform a correction for each
frequency with reference to the storage unit, by adding the
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attenuation to the reception signal which is obtained by
transmitting to the specimen the transmission echo having
the predetermined common waveform and by converting the
reception echo reflected from the specimen, the transmission
echo being obtained by converting the transmission drive
wave that is given by adding the attenuation to the common
transmission drive wave; and an image processing unit
configured to form image data using the reception signal
corrected by the reception signal correcting unit.

In some embodiments, a method for operating an ultra-
sonic observation apparatus is provided. The ultrasonic
observation apparatus has a plurality of ultrasound probes
each configured to transmit to a specimen a transmission
echo obtained by converting a transmission drive wave
which is an electrical signal, to receive a reception echo
reflected from the specimen, and to convert the reception
echo into a reception signal which is an electrical signal. The
method includes: a transmission drive wave generating step
of generating, by a transmission drive wave generating unit,
for each ultrasound probe, a transmission drive wave
obtained by adding attenuation to a common transmission
drive wave, with reference to a storage unit, in order to
transmit to the specimen the transmission echo having a
predetermined common waveform regardless of types of the
ultrasound probes, wherein the storage unit stores, for each
ultrasound probe, the attenuation that is a difference in signal
intensity for each frequency between the predetermined
common waveform and a waveform obtained by providing
the plurality of ultrasound probes with the common trans-
mission drive wave; a reception signal correcting step of
performing a correction, by a reception signal correcting
unit, for each frequency with reference to the storage unit, by
adding the attenuation to the reception signal which is
obtained by transmitting to the specimen the transmission
echo having the predetermined common waveform and by
converting the reception echo reflected from the specimen,
the transmission echo being obtained by converting the
transmission drive wave that is given by adding the attenu-
ation to the common transmission drive wave; and an image
processing step of generating, by an image processing unit,
image data using the reception signal corrected in the
reception signal correcting step.

In some embodiments, a non-transitory computer read-
able recording medium with an executable program stored
thereon is provided. The program instructs an ultrasonic
observation apparatus having a plurality of ultrasound
probes each configured to transmit to a specimen a trans-
mission echo obtained by converting a transmission drive
wave which is an electrical signal, to receive a reception
echo reflected from the specimen, and to convert the recep-
tion echo into a reception signal which is an electrical signal,
to execute: a transmission drive wave generating step of
generating, by a transmission drive wave generating unit, for
each ultrasound probe, a transmission drive wave obtained
by adding attenuation to a common transmission drive wave,
with reference to a storage unit, in order to transmit to the
specimen the transmission echo having a predetermined
common waveform regardless of types of the ultrasound
probes, wherein the storage unit stores, for each ultrasound
probe, the attenuation that is a difference in signal intensity
for each frequency between the predetermined common
waveform and a waveform obtained by providing the plu-
rality of ultrasound probes with the common transmission
drive wave; a reception signal correcting step of performing
a correction, by a reception signal correcting unit, for each
frequency with reference to the storage unit, by adding the
attenuation to the reception signal which is obtained by
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transmitting to the specimen the transmission echo having
the predetermined common waveform and by converting the
reception echo reflected from the specimen, the transmission
echo being obtained by converting the transmission drive
wave that is given by adding the attenuation to the common
transmission drive wave; and an image processing step of
generating, by an image processing unit, image data using
the reception signal corrected in the reception signal cor-
recting step.

The above and other features, advantages and technical
and industrial significance of this invention will be better
understood by reading the following detailed description of
presently preferred embodiments of the invention, when
considered in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 2 is a diagram illustrating a variation of a frequency
spectrum when a signal converting unit converts a transmis-
sion drive wave into a transmission echo;

FIG. 3 is a diagram illustrating transmission drive waves
generated by a transmission drive wave generating unit and
a state in which the signal converting unit of an ultrasound
probe converts the transmission drive waves into a trans-
mission echo;

FIG. 4 is a diagram illustrating a summary (first example)
of a correction process which is performed by a reception
signal correcting unit;

FIG. 5 is a diagram illustrating a summary (second
example) of the correction process which is performed by
the reception signal correcting unit;

FIG. 6 is a diagram illustrating a relationship between a
reception depth and an amplification factor in an amplifica-
tion process which is performed on a reception signal, which
has been corrected by the reception signal correcting unit, by
an STC correcting unit;

FIG. 7 is a flowchart illustrating a summary of processes
in the ultrasonic observation apparatus according to the first
embodiment of the present invention;

FIG. 8 is a block diagram illustrating a configuration of an
ultrasonic observation apparatus according to a second
embodiment of the present invention;

FIG. 9 is a diagram illustrating a relationship between a
reception depth and an amplification factor in an amplifica-
tion process which is performed by an amplification cor-
recting unit;

FIG. 10 is a diagram illustrating an example of a fre-
quency spectrum which is calculated by a frequency ana-
lyzing unit;

FIG. 11 is a diagram illustrating a frequency spectrum
(first example) before and after correction in a reception
signal correcting unit when an ultrasound probe is used;

FIG. 12 is a diagram illustrating a frequency spectrum
(second example) before and after correction in the recep-
tion signal correcting unit when an ultrasound probe is used,

FIG. 13 is a diagram illustrating a state in which features
of frequency spectrum curves illustrated in FIGS. 11 and 12
are plotted in a feature space;

FIG. 14 is a diagram illustrating straight lines correspond-
ing to features which are corrected by an attenuation cor-
recting unit;

FIG. 15 is a flowchart illustrating a summary of processes
in the ultrasonic observation apparatus according to the
second embodiment of the present invention;
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FIG. 16 is a flowchart illustrating a summary of processes
which are performed by a frequency analyzing unit;

FIG. 17 is a diagram schematically illustrating a data
arrangement of a single sound ray; and

FIG. 18 is a diagram schematically illustrating a summary
of an attenuation correcting process which is performed by
an attenuation correcting unit of an ultrasonic observation
apparatus according to another embodiment of the present
invention.

DETAILED DESCRIPTION

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

First Embodiment

FIG. 1 is ablock diagram illustrating a configuration of an
ultrasonic observation apparatus according to a first embodi-
ment of the present invention. The ultrasonic observation
apparatus 1 illustrated in FIG. 1 is an apparatus for observ-
ing a specimen as a diagnosis target using ultrasonic waves.
The ultrasonic observation apparatus 1 includes an ultra-
sound probe 2 that outputs a transmission echo of ultrasonic
waves to the outside, receives a reception echo of ultrasonic
waves reflected from the outside, and converts the received
reception echo into an electrical reception signal, a trans-
mitting and receiving unit 3 that transmits and receives an
electrical signal to and from the ultrasound probe 2, an
image processing unit 4 that generates image data corre-
sponding to the reception signal, an input unit 5 that is
embodied by an interface such as a keyboard, a mouse, and
a touch panel and receives an input of a variety of informa-
tion, a display unit 6 that is embodied by a display panel
such as a liquid crystal display panel or an organic EL
display panel and displays a variety of information including
an image generated by the image processing unit 4, a storage
unit 7 that stores a variety of information required for
ultrasonic observation including parameters indicating char-
acteristics based on the types of the ultrasound probe 2, and
a control unit 8 that controls the operation of the ultrasonic
observation apparatus 1. The ultrasonic observation appa-
ratus 1 is constituted by a scope in which the ultrasound
probe 2 is disposed at a tip thereof and a processing device
(processor) to which a base end of the scope is detachably
connected and which is provided with the units other than
the ultrasound probe 2.

The ultrasound probe 2 includes a signal converting unit
21 that converts a transmission drive wave which is an
electrical pulse signal received from the transmitting and
receiving unit 3 into a transmission echo which is an
acoustic pulse signal and converts a reception echo reflected
and returned from an external specimen into an electrical
reception signal. In conversion of the transmission drive
wave into the transmission echo and conversion of the
reception echo into the reception signal, the signal convert-
ing unit 21 serves as a filter.

FIG. 2 is a diagram illustrating a variation of a frequency
spectrum when the signal converting unit 21 converts a
transmission drive wave into a transmission echo. In FIG.
2(a), the horizontal axis f denotes frequency and the vertical
axis I denotes intensity. A spectrum (frequency spectrum
curve) C, of the transmission drive wave has a rectangular
shape having a non-zero constant value in a predetermined
frequency band F={{If, <f<f,,}. When the transmission drive
wave 1s converted into a transmission echo by the signal
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converting unit 21, the shape of the spectrum is also
changed. FIGS. 2(b) and 2(c) are diagrams illustrating
spectra of the transmission echo which are generated by the
signal converting units 21 of the ultrasound probes 2 having
different types. A spectrum C, illustrated in FIG. 2(b) has a
larger attenuation than a spectrum C; illustrated in FIG. 2(c).

In the spectrum C,, attenuation Al (f,) corresponding to
a difference between the spectrum C, and the spectrum C,
at a frequency f, (f, =f, =f}) in the frequency band F is stored
in an ultrasound probe information storage unit 71 of the
storage unit 7 in correlation with the types of the ultrasound
probe 2. Similarly, in the spectrum Cj, attenuation AI(f))
corresponding to a difference between the spectrum C, and
the spectrum C; at a frequency {; in the frequency band F is
stored in an ultrasound probe information storage unit 71 in
correlation with the types of the ultrasound probe 2. While
two ultrasound probes 2 are exemplified herein, attenuation
associated with another types of ultrasound probe 2 can also
be stored in the ultrasound probe information storage unit 71
in the same way.

Hereinafter, for the purpose of convenience of explana-
tion, it is assumed that the ultrasound probe 2 outputting the
spectrum C, illustrated in FIG. 2(b) as a transmission echo
with respect to the transmission drive wave having the
spectrum C, illustrated in FIG. 2(a) is referred to as an
ultrasound probe 2A and the ultrasound probe 2 outputting
the spectrum C, illustrated in FIG. 2(c) as a transmission
echo is referred to as an ultrasound probe 2B. The signal
converting unit 21 of the ultrasound probe 2A is referred to
as a signal converting unit 21A and the signal converting
unit 21 of the ultrasound probe 2B is referred to as a signal
converting unit 21B.

The ultrasound probe 2 may allow an ultrasonic trans-
ducer to mechanically scan or may allow plural ultrasonic
transducers to electronically scan. In the first embodiment,
one ultrasound probe is selectable from different types of
ultrasound probes 2 and used as the ultrasound probe 2.

The transmitting and receiving unit 3 is electrically con-
nected to the ultrasound probe 2. The transmitting and
receiving unit 3 includes a transmission drive wave gener-
ating unit 31 configured to generate a transmission drive
wave based on a predetermined waveform and a transmis-
sion timing and to transmit the generated transmission drive
wave to the ultrasound probe 2, a reception signal correcting
unit 32 configured to correct the reception signal received
from the ultrasound probe 2 so as to eliminate an influence
exerted by a difference in characteristics between the types
of the ultrasound probe 2 therefrom, and an STC correcting
unit 33 configured to perform STC (Sensitivity Time Con-
trol) correction of correcting the reception signal corrected
by the reception signal correcting unit 32 with a higher
amplification factor as a reception depth is greater.

The transmission drive wave generating unit 31 generates
a waveform based on characteristics of the ultrasound probe
2 as a transmission drive wave based on information stored
in an ultrasound probe information storage unit 71 of the
storage unit 7 to be described later. FIG. 3 is a diagram
illustrating transmission drive waves generated by a trans-
mission drive wave generating unit 31 and a state in which
the signal converting unit 21 of an ultrasound probe 2
converts the transmission drive waves into a transmission
echo. The transmission drive wave generating unit 31 may
generate different transmission drive waves depending on
the types of the ultrasound probe 2. Specifically, the trans-
mission drive wave generating unit 31 reads characteristics
depending on the types of the ultrasound probe 2 from the
ultrasound probe information storage unit 71 and generates
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transmission drive waves having spectra C, and Cs illus-
trated in FIGS. 3(a) and 3(b), respectively. Here, the char-
acteristics of the ultrasound probe 2 mean information
specific to the individual ultrasound probes 2 including
attenuation Al (f) and AL (f) (here, feF) illustrated in FIGS.
2(b) and 2(c), respectively, and the types of the ultrasound
probe 2. In the first embodiment and a second embodiment
to be described later, curves and straight lines include sets of
discrete points.

The transmission drive wave generating unit 31 generates
the transmission drive wave depending on the types of the
ultrasound probe 2 based on the spectrum of the generated
transmission echo and the characteristics of the ultrasound
probe 2. Here, the transmission drive wave generating unit
31 generates transmission drive waves in which a frequency
spectrum in a predetermined frequency band of the trans-
mission echo varies depending on the types of the ultrasound
probes. The spectrum C, of the transmission drive wave
illustrated in FIG. 3(a) corresponds to the ultrasound probe
2A, and the spectrum Cs of the transmission drive wave
illustrated in FIG. 3(5) corresponds to the ultrasound probe
2B. The spectrum C,, has a shape in which attenuation Al (f)
(feF) when the ultrasound probe 2A performs conversion is
added to the spectrum C, of the transmission echo. Simi-
larly, the spectrum Cs has a shape in which attenuation Al,(f)
(feF) when the ultrasound probe 2B performs conversion is
added to the spectrum C of the transmission echo.

The reception signal correcting unit 32 performs correc-
tion depending on the types of the ultrasound probe on the
reception signal received from the ultrasound probe 2 by the
transmitting and receiving unit 3. FIG. 4 is a diagram
illustrating a summary of the correction process which is
performed by the reception signal correcting unit 32 and is
specifically a diagram illustrating the summary of the cor-
rection process which is performed on the reception signal
sent from the ultrasound probe 2A. A spectrum C, illustrated
in FIG. 4(a) is a frequency spectrum of a reception signal
which is generated by causing the signal converting unit
21A of the ultrasound probe 2A to convert the reception
echo. The reception signal correcting unit 32 corrects the
reception signal by adding the attenuation Al, () (feF) when
the ultrasound probe 2A performs conversion to the spec-
trum C,. Accordingly, a spectrum Cg illustrated in FIG. 4()
is acquired. The spectrum Cg is a spectrum from which the
influence by the ultrasound probe 2A is eliminated.

FIG. 5 is a diagram illustrating a summary of the correc-
tion process which is performed by the reception signal
correcting unit 32 and is specifically a diagram illustrating
the summary of the correction process which is performed
on the reception signal sent from the ultrasound probe 2B.
A spectrum C, illustrated in FIG. 5(a) is a frequency
spectrum of a reception signal which is generated by causing
the signal converting unit 21B of the ultrasound probe 2B to
convert the reception echo. The reception signal correcting
unit 32 corrects the reception signal by adding the attenu-
ation AL (f) (feF) when the ultrasound probe 2B performs
conversion to the spectrum C,. Accordingly, a spectrum Cq
illustrated in FIG. 5(b) is acquired. The spectrum Cg is a
spectrum from which the influence by the ultrasound probe
2B is eliminated and is the same as the spectrum acquired as
the result of correction on the reception signal converted by
the ultrasound probe 2A (see FIG. 4())). In other words, the
spectrum C, is the same as the spectrum of the reception
echo.

FIG. 6 is a diagram illustrating a relationship between a
reception depth and an amplification factor in an amplifica-
tion process which is performed on the reception signal,
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which has been corrected by the reception signal correcting
unit 32, by the STC correcting unit 33. The reception depth
7 illustrated in FIG. 6 is an amount which is calculated based
on the elapsed time from the reception start time of ultra-
sonic waves. As illustrated in FIG. 6, the amplification factor
[ (dB) linearly increases from f, to B,, (>p,) with an
increase in the reception depth z when the reception depth z
is less than a threshold value z,,. The amplification factor {3
is retained at a constant value f§,, when the reception depth
7 is equal to or greater than the threshold value z,,. The
threshold value z,, is a value at which the ultrasonic signal
received from a specimen is almost attenuated and noise is
dominant. More generally, the amplification factor [ only
needs to monotonously increase with an increase in the
reception depth z when the reception depth z is less than the
threshold value z,.

The transmitting and receiving unit 3 generates and
outputs a digital RF signal in the time domain by performing
a filtering process or the like on the echo signal amplified by
the STC correcting unit 33 and then A/D-converting the
resultant signal. When the ultrasound probe 2 allows plural
ultrasonic transducers to electronically scan, the transmitting
and receiving unit 3 includes a beam-synthesis multichannel
circuit corresponding to the plural ultrasonic transducers.

The image processing unit 4 includes a B-mode image
data generating unit 41 configured to generate B-mode
image data from the reception signal.

The B-mode image data generating unit 41 generates
B-mode image data by performing signal processing using
known techniques such as bandpass filtering, logarithmic
conversion, gain processing, and contrast processing on the
digital signal and performing data thinning based on a data
step width which is determined depending on an image
display range in the display unit 6.

The storage unit 7 includes an ultrasound probe informa-
tion storage unit 71, an amplification factor information
storage unit 72, and a window function storage unit 73.

As described above, the ultrasound probe information
storage unit 71 stores a correlation between the types of the
ultrasound probe 2 and attenuation occurring in the spectrum
when the ultrasound probe 2 converts a transmission drive
wave into a transmission echo or converts a reception echo
into a reception signal as a parameter.

The amplification factor information storage unit 72
stores a relationship (for example, the relationship illustrated
in FIG. 2) between an amplification factor and a reception
depth, which is referred to by the STC correcting unit 33 at
the time of performing an amplification process, as ampli-
fication factor information.

The window function storage unit 73 stores at least one
window function of window functions such as Hamming,
Hanning, and Blackman.

The storage unit 7 is embodied by a ROM in which an
operation program of the ultrasonic observation apparatus 1,
a program for starting a predetermined OS, or the like is
stored in advance, a RAM in which computing parameters
or data of processes or the like is stored, and the like.

The control unit 8 includes an ultrasound probe determin-
ing unit 81 configured to determine the types of the ultra-
sound probe 2 connected thereto. The determination result of
the ultrasound probe determining unit 81 is stored in the
ultrasound probe information storage unit 71 and is referred
to when the signal converting unit 21, the transmission drive
wave generating unit 31, and the reception signal correcting
unit 32 perform processes. In order for the ultrasound probe
determining unit 81 to perform the determination, the scope
including the ultrasound probe 2 can be provided with a

5

10

15

20

25

30

35

40

45

50

55

60

65

8

connection pin for causing a processing device in the
subsequent stage to determine the types of the ultrasound
probe 2 in a connection portion to the processing device.
Accordingly, the ultrasound probe determining unit 81 dis-
posed in the processing device can determine the types of the
ultrasound probe 2 depending on the shape of the connection
pin of the connected scope.

The control unit 8 is embodied by a CPU having com-
puting and control functions. The control unit 8 collectively
controls the ultrasonic observation apparatus 1 by reading
information stored in the storage unit 7 and various pro-
grams including the operation program of the ultrasonic
observation apparatus 1 from the storage unit 7 and per-
forming various computing processes associated with the
operation method of the ultrasonic observation apparatus 1.

The operation program of the ultrasonic observation appa-
ratus 1 can be recorded on a computer-readable recording
medium such as a hard disk, a flash memory, a CD-ROM, a
DVD-ROM, and a flexible disk and can be widely distrib-
uted. The recording of various programs on the recording
medium may be performed when a computer or a recording
medium is shipped as a product or may be performed by
downloading through a communication network.

FIG. 7 is a flowchart illustrating a summary of processes
in the ultrasonic observation apparatus 1 having the above-
mentioned configuration. It is assumed that the types of the
ultrasound probe 2 disposed in the ultrasonic observation
apparatus 1 is determined in advance by the ultrasound
probe determining unit 81.

In FIG. 7, the transmission drive wave generating unit 31
generates a transmission drive wave and outputs the trans-
mission drive wave to the ultrasound probe 2 (step S1). The
spectrum of the transmission drive wave is the spectrum C,
illustrated in FIG. 3(a), for example, in case of the ultra-
sound probe 2A. The spectrum of the transmission drive
wave is the spectrum Cj illustrated in FIG. 3(b) in case of the
ultrasound probe 2B.

Subsequently, in the ultrasound probe 2 receiving the
transmission drive wave, the signal converting unit 21
converts the transmission drive wave into a transmission
echo and generates and outputs the converted transmission
echo (step S2). The spectrum of the transmission echo is, for
example, the spectrum Cg illustrated in FIG. 3(c). As
described above with reference to FIG. 3, the transmission
echo has the same spectrum regardless of the types of the
ultrasound probe 2.

Thereafter, the ultrasound probe 2 receives a reception
echo which is obtained by reflecting and returning the
transmission echo from a living body (step S3).

The signal converting unit 21 receiving the reception echo
converts the reception echo into a reception signal and
outputs the reception signal to the transmitting and receiving
unit 3 (step S4). The spectrum of the reception signal is the
spectrum C, illustrated in FIG. 4(a), for example, in case of
the ultrasound probe 2A. The spectrum of the reception
signal is the spectrum C, illustrated in FIG. 5(a) in case of
the ultrasound probe 2B.

The reception signal correcting unit 32 receiving the
reception signal from the ultrasound probe 2 corrects the
frequency spectrum thereof (step S5). The spectrum of the
reception signal is the same spectrum regardless of the types
of the ultrasound probe 2 (see the spectrum Cg illustrated in
FIGS. 4(b) and 5(b)).

Subsequently, the STC correcting unit 33 performs STC
correction on the reception signal of which the spectrum is
corrected by the reception signal correcting unit 32 (step
S6). Here, the STC correcting unit 33 performs the STC
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correction, for example, based on the relationship between
the amplification factor and the reception depth illustrated in
FIG. 6.

Thereafter, the B-mode image data generating unit 41
generates B-mode image data using the echo signal ampli-
fied by the STC correcting unit 33 (step S7). The display unit
6 displays a B-mode image corresponding to the B-mode
image generated by the B-mode image data generating unit
41 (step S8).

After step S8, the ultrasonic observation apparatus 1 ends
a series of processes. The ultrasonic observation apparatus 1
may periodically repeat the processes of steps S1 to S8.

According to the first embodiment of the present inven-
tion, since the process of eliminating an influence depending
on the types of the ultrasound probe is performed on both the
transmission drive wave and the reception signal, it is
possible to realize observation of an ultrasound image from
which the influence exerted by the difference in types
between the ultrasound probes is eliminated.

According to the first embodiment, since the transmission
drive wave having a frequency spectrum having a greater
value at a frequency at which the attenuation is larger when
the transmission drive wave is converted into the transmis-
sion echo by the ultrasound probe is generated and the
reception signal thereof is corrected based on the attenuation
for each frequency, it is possible to satisfactorily eliminate
the influence exerted by the difference in characteristics
between the types of the ultrasound probes.

Second Embodiment

FIG. 8 is a block diagram illustrating a configuration of an
ultrasonic observation apparatus according to a second
embodiment of the present invention. The ultrasonic obser-
vation apparatus 11 illustrated in FIG. 8 includes an ultra-
sound probe 2, a transmitting and receiving unit 3, an input
unit 5, a display unit 6, a control unit 8, a computation unit
12 configured to perform a predetermined computation on
an electrical reception signal, an image processing unit 13
configured to generate image data corresponding to an
electrical echo signal, and a storage unit 14. The same
reference signs are used to refer to similar or identical
elements to those of the above-described ultrasonic obser-
vation apparatus 1.

The computation unit 12 includes an amplification cor-
recting unit 121 configured to perform amplification correc-
tion of keeping an amplification factor constant regardless of
the reception depth on a digital RF signal output from the
transmitting and receiving unit 3, a frequency analyzing unit
122 configured to calculate a frequency spectrum by per-
forming fast Fourier transform (FFT) on the digital RF
signal subjected to the amplification correction and perform-
ing frequency analysis thereon, and a feature extracting unit
123 configured to extract a feature of a specimen by per-
forming an approximating process based on regression
analysis and an attenuation correcting process of reducing a
contribution of attenuation occurring depending on the
reception depth and the frequency of an ultrasonic wave
when the ultrasonic wave propagates on the frequency
spectra of respective positions calculated by the frequency
analyzing unit 122.

FIG. 9 is a diagram illustrating a relationship between the
reception depth and the amplification factor in the amplifi-
cation process which is performed by the amplification
correcting unit 121. As illustrated in FIG. 9, the amplifica-
tion factor B (dB) in the amplification process which is
performed by the amplification correcting unit 121 has a
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maximum value f,,-f, when the reception depth z is zero,
linearly decreases until the reception depth z moves from
zero to the threshold value 7z, and is zero when the
reception depth z is equal to or greater than the threshold
value z,,. Since the amplification correcting unit 121 cor-
rects the amplification of the digital RF signal based on the
amplification factor determined in this way, it is possible to
cancel the influence of the STC correction in the STC
correcting unit 33 and thus to output a signal with a constant
amplification factor B,,. The relationship between the recep-
tion depth z and the amplification factor {3 in the amplifi-
cation correcting unit 121 differs depending on the relation-
ship between the reception depth and the amplification
factor in the STC correcting unit 33.

The reason for performing this amplification correction
will be described below. The STC correction is correction of
uniformly amplifying the amplitude of an analog signal
waveform in the entire frequency band. Accordingly, a
satisfactory B-mode image can be generated using the
amplitude of an ultrasonic wave by performing the STC
correction, and the influence exerted by attenuation accom-
panied with the propagation of the ultrasonic wave cannot be
satisfactorily eliminated when the frequency spectrum of the
ultrasonic wave is calculated. In order to solve this problem,
it can be considered that a reception signal subjected to the
STC correction is output when the B-mode image is gener-
ated and new transmission other than the transmission for
generating a B-mode image is performed and a reception
signal not subjected to the STC correction is output when an
image based on the frequency spectrum is generated. In this
case, there is a problem in that the frame rate of the image
data generated based on the reception signal is lowered.
Accordingly, in the second embodiment, the amplification
factor is corrected by the amplification correcting unit 121 to
maintain the frame rate of the generated image data and to
eliminate the influence of the STC correction from the signal
subjected to the STC correction for the B-mode image.

The frequency analyzing unit 122 calculates frequency
spectra at plural positions (data positions) on a sound ray by
performing fast Fourier transform on FFT data groups
having a predetermined amount of data in a sound ray (line
data). The calculation result in the frequency analyzing unit
122 is obtained as a complex number and is stored in the
storage unit 14.

In general, a frequency spectrum exhibits different ten-
dencies depending on a tissue characterization of a speci-
men. This is because the frequency spectrum has a correla-
tion with the size, density, acoustic impedance, and the like
of a specimen as a scattering body scattering ultrasonic
waves. In the second embodiment, the “tissue characteriza-
tion” is, for example, any one of cancer, endocrine tumor,
mucinous tumor, normal tissue, and vascular channel.

FIG. 10 is a diagram illustrating an example of a fre-
quency spectrum which is calculated by the frequency
analyzing unit 122. Specifically, the drawing illustrates a
spectrum of an intensity I(f, z) when a frequency spectrum
obtained by performing fast Fourier transform on an FFT
data group is expressed by an intensity I(f, z) and a phase
¢(f, z) as functions of the frequency fand the reception depth
z. Here, the “intensity” is any one of parameters such as
voltage, power, sound pressure, and acoustic energy. In FIG.
10, the horizontal axis f denotes frequency, the vertical axis
I denotes intensity, and the reception depth z is constant. In
the spectrum C,, illustrated in FIG. 10, a lower-limit fre-
quency f; and an upper-limit frequency fy, of the frequency
spectrum are parameters which are determined based on the
frequency band of the ultrasound probe 2 and the frequency
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band of a pulse signal transmitted from the transmitting and
receiving unit 3 and, for example, f;=3 MHz and f, =10
MHz.

The feature extracting unit 123 includes an approximation
unit 124 configured to calculate an approximate expression
of the frequency spectrum calculated by the frequency
analyzing unit 122 using regression analysis and an attenu-
ation correcting unit 125 configured to extract a feature of
the frequency spectrum by performing an attenuation cor-
recting process of reducing a contribution of attenuation of
an ultrasonic wave depending on the reception depth and the
frequency of the ultrasonic wave on the approximate expres-
sion calculated by the approximation unit 124.

The approximation unit 124 extracts a feature before the
attenuation correction (hereinafter, referred to as a pre-
correction feature) characterizing an approximate linear
expression by approximating the frequency spectrum calcu-
lated by regression analysis using the linear expression
(regression line). Specifically, the approximation unit 124
extracts a slope a, and an intercept b, of the linear expression
as pre-correction features. The straight line L, illustrated in
FIG. 10 is a straight line corresponding to the linear expres-
sion acquired by the approximation unit 124. The approxi-
mation unit 124 may calculate an intensity (also referred to
as mid-band fit) c,=a,f, +b, at the center frequency f, ~(f; +
f,)2 of a frequency band (f,<f<f,;) as a pre-correction
feature other than the slope a, and the intercept b,

It is thought that the slope a, among three features has a
correlation with the size of a scattering body of an ultrasonic
wave and generally has a smaller value as the scattering
body is larger. The intercept b, has a correlation with the size
of the scattering body, the difference in acoustic impedance,
and the density (concentration) of the scattering body. Spe-
cifically, it is thought that the intercept b, has a larger value
as the scattering body is larger, has a larger value as the
acoustic impedance is larger, and has a larger value as the
density (concentration) of the scattering body is larger. The
intensity at the central frequency f,, (hereinafter, simply
referred to as “intensity”) ¢, is an indirect parameter which
is derived from the slope a, and the intercept b, and denotes
the spectrum intensity at the center of a valid frequency
band. Accordingly, it is thought that the intensity ¢, has a
certain correlation with the luminance of a B-mode image in
addition to the size of the scattering body, the difference in
acoustic impedance, and the density of the scattering body.
The approximate polynomial calculated by the feature
extracting unit 123 is not limited to the linear expression, but
a quadratic or higher approximate polynomial may be used.

It will be described below with reference to FIGS. 11 to
13 that the value of the pre-correction feature is constant
regardless of the types of the ultrasound probe 2. In FIGS.
11 to 13, the frequency spectra referred to in the first
embodiment are used to describe the cases of two different
types of ultrasound probes 2A and 2B. Here, the intercept b,
and the intensity ¢, are used as the pre-correction features.

FIG. 11 is a diagram illustrating a frequency spectrum
before and after correction in the reception signal correcting
unit 32 when the ultrasound probe 2A is used. Specifically,
the spectrum C, is one before the reception signal is cor-
rected and the spectrum Cg is one after the reception signal
is corrected. In FIG. 11, the pre-correction features of the
spectrum C, are b,=b, (intercept of a straight line L) and
¢,=c, (intensity of the straight line L,). The pre-correction
features of the spectrum Cg are b,=b; (intercept of a straight
line ;) and c,=c, (intensity of the straight line ;).

FIG. 12 is a diagram illustrating a frequency spectrum
before and after correction in the reception signal correcting
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unit 32 when the ultrasound probe 2B is used. Specifically,
the spectrum C, is one before the reception signal is cor-
rected and the spectrum Cg is one after the reception signal
is corrected. In FIG. 12, the pre-correction features of the
spectrum C, are b,=b, (intercept of a straight line L.,) and
¢,=C, (intensity of the straight line L,). In general, b,=b, and
b, and c,=c, and c, are established.

FIG. 13 is a diagram illustrating a state in which sets of
features of the spectra C, to C, illustrated in FIGS. 11 and
12 are plotted in a feature space (b, ¢;). As illustrated in
FIG. 13, point A(b,, ¢,) which is a set of pre-correction
features of the spectrum C, before the reception signal is
corrected and point B(b,, ¢,) which is a set of pre-correction
features of the spectrum C, before the reception signal is
corrected are generally different points in the feature space.
Since the spectrum corrected by the reception signal cor-
recting unit 32 is the same spectrum Cq regardless of the
pre-correction spectrum, a set of post-correction features
(b, €) is a point C(bs, c;) regardless of the pre-correction
spectra.

In this way, the pre-correction features of the frequency
spectrum of the reception signal are the same because the
influence exerted by the frequency spectrum depending on
the types of the ultrasound probe 2 is eliminated when the
transmission drive wave generating unit 31 generates the
transmission drive wave and the influence exerted by the
frequency spectrum depending on the types of the ultra-
sound probe 2 is eliminated from the reception signal by the
reception signal correcting unit 32. In this regard, since the
influence exerted by the difference in types between the
ultrasound probes 2 on the other side not corrected cannot be
eliminated by only correcting only one of the transmission
drive wave and the reception signal as in the related art, the
frequency spectrum of the reception signal varies depending
on the types of the ultrasound probe 2. Accordingly, accord-
ing to the second embodiment, it is possible to satisfactorily
eliminate the influence exerted by the difference in type
between the ultrasound probes 2 and thus to more accurately
extract the features.

The correction which is performed by the attenuation
correcting unit 125 will be described below. In general,
attenuation A(f, z) of an ultrasonic wave is expressed by the
following expression.

A(fz)y=20zf )]

Here, o represents an attenuation factor, z represents the
reception depth of an ultrasonic wave, and f represents the
frequency. As can be seen from Expression (1), the attenu-
ation A(f, z) is proportional to the frequency f. The specific
value of the attenuation factor a ranges 0.0 to 1.0 (dB/cm/
MHz) and preferably ranges from 0.3 to 0.7 (dB/cm/MHz)
when an observation target is a living body, and is deter-
mined depending on portions of the living body. For
example, when an observation target is the pancreas, 0=0.6
(dB/cm/MHz) may be determined. In this embodiment, the
value of the attenuation factor o may be set or changed by
an input from the input unit 5.

The attenuation correcting unit 125 extracts the features
by performing the following attenuation correction on the
pre-correction features (the slope a,, the intercept b, and the
intensity c,) extracted by the approximation unit 124.

a=agt20z
b=b,

c=cotr2azfi=afith)
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As can be seen from Expressions (2) and (4), the attenu-
ation correcting unit 125 performs correction with a larger
degree of correction as the reception depth z of an ultrasonic
wave 1s larger. According to Expression (3), the correction
on the intercept is identity transformation. This is because
the intercept is a frequency component corresponding to a
frequency of 0 (Hz) and is not affected by the attenuation.

FIG. 14 is a diagram illustrating straight lines correspond-
ing to the features which are corrected by the attenuation
correcting unit 125. The expression of the straight line L,
is as follows.

I=af+b=(ag+20z)f+b, ©)

As can be seen from Expression (5), the straight line L,
has a larger slope and an equal intercept in comparison with
the straight line L,,,.

The image processing unit 13 includes the B-mode image
data generating unit 41 and a feature image data generating
unit 131 configured to generate feature image data for
displaying information corresponding to the features
extracted by the feature extracting unit 123 based on any one
of plural display methods.

Information which is assigned to pixels in the feature
image data in the feature image data generating unit 131 is
determined depending on the amount of data of the FFT data
group when the frequency analyzing unit 122 calculates the
frequency spectrapecifically, information corresponding to
the features of the frequency spectrum calculated from an
FFT data group is assigned, for example, to a pixel area
corresponding to the amount of data of one FFT data group.
In the second embodiment, the number of features which are
used to generate the feature image data can be arbitrarily set.

The storage unit 14 includes a correction information
storage unit 141 in addition to the ultrasound probe infor-
mation storage unit 71, the amplification factor information
storage unit 72, and the window function storage unit 73.

The amplification factor information storage unit 72
stores a relationship (for example, the relationship illustrated
in FIG. 6) between the amplification factor and the reception
depth which is referred to by the STC correcting unit 33 at
the time of performing an amplification process and a
relationship (for example, the relationship illustrated in FIG.
9) between the amplification factor and the reception depth
which is referred to by the amplification correcting unit 121
at the time of performing the amplification correcting pro-
cess as amplification factor information.

The correction information storage unit 141 stores infor-
mation associated with the attenuation correction including
Expression (1).

The storage unit 14 is embodied by a ROM in which an
operation program of the ultrasonic observation apparatus
11, a program for starting a predetermined OS, or the like is
stored in advance, a RAM in which computing parameters
or data of processes or the like is stored, and the like.

FIG. 15 is a flowchart illustrating a summary of processes
in the ultrasonic observation apparatus 11 having the above-
mentioned configuration. In FIG. 15, the processes of steps
S11 to S17 respectively correspond to the processes of steps
S1 to 87 in the flowchart illustrated in FIG. 7. The processes
of step S18 and steps subsequent thereto will be described
below.

In step S18, the amplification correcting unit 121 per-
forms the amplification correction in which the amplification
factor is constant regardless of the reception depth on the
signal output from the transmitting and receiving unit 3 (step
S18). Here, the amplification correcting unit 121 performs
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the amplification correction based on the relationship
between the amplification factor and the reception depth
illustrated in FIG. 9.

Thereafter, the frequency analyzing unit 122 calculates a
frequency spectrum by performing frequency analysis using
FFT computation (step S19).

The process (step S19) which is performed by the fre-
quency analyzing unit 122 will be described below in detail
with reference to the flowchart illustrated in FIG. 16. First,
the frequency analyzing unit 122 sets a counter k for
identifying a sound ray to be analyzed to k, (step S31).

Subsequently, the frequency analyzing unit 122 sets an
initial value Z®, of a data position (corresponding to the
reception depth) Z*® representative of a series of data groups
(FFT data groups) acquired for FFT computation (step S32).
FIG. 17 is a diagram schematically illustrating a data
arrangement of a single sound ray. In the sound ray SR,
illustrated in FIG. 17, white or black rectangles denote one
data piece. The sound ray SR, is discretized at time intervals
corresponding to a sampling frequency (for example, 50
MHz) in the A/D conversion which is performed by the
transmitting and receiving unit 3. In FIG. 17, the first data
position of the sound ray SR, is set as the initial value 2%,
but the position of the initial value can be arbitrarily set.

Thereafter, the frequency analyzing unit 122 acquires the
FFT data group of the data position Z® (step S33) and
applies a window function stored in the window function
storage unit 73 to the acquired FFT data group (step S34).
By applying the window function to the FFT data group in
this way, it is possible to avoid discontinuity at the boundary
of the FFT data group and to prevent an artifact from
oceurring.

Subsequently, the frequency analyzing unit 122 deter-
mines whether the FFT data group of the data position Z®
is a normal data group (step S35). Here, the FFT data group
needs to have the number of pieces of data corresponding to
a power of two. Hereinafter, the number of pieces of data of
the FFT data group is described to be 2" (where n is a
positive integer). The FFT data group being normal means
that the data position Z*® is the 2"'-th position from the
head of the FFT data group. In other words, the FFT data
group being normal means that there are 2”-'~1 (=N) pieces
of data in the front of the data position Z* and there are
2L (=M) pieces of data in the back of the data position Z*.
In FIG. 17, the FFT data groups F, and F; are both normal.
FIG. 17 exemplifies a case of n=4 (N=7 and M=8).

When it is determined in step S35 that the FFT data group
of the data position Z* is normal (YES in step S35), the
frequency analyzing unit 122 performs the process of step
S37 to be described later.

When it is determined in step S35 that the FFT data group
of the data position Z® is not normal (NO in step S35), the
frequency analyzing unit 122 generates a normal FFT data
group by inserting pieces of zero data corresponding to the
shortfall (step S36). A window function is applied to the FFT
data group which is determined to be not normal in step S35
before adding the pieces of zero data thereto. Accordingly,
discontinuity of data does not occur even when the pieces of
zero data are inserted into the FFT data group. After step
S36, the frequency analyzing unit 122 performs the process
of step S37 to be described later.

In step S37, the frequency analyzing unit 122 acquires a
frequency spectrum including complex number by perform-
ing the FFT computation using the FFT data group (step
S37). As a result, the spectrum C,, illustrated in FIG. 10 is
acquired.
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Subsequently, the frequency analyzing unit 122 changes
the data position Z* by a step width D (step S38). It is
assumed that the step width D 1s stored in the storage unit 14
in advance. FIG. 17 exemplifies a case of D=15. The step
width D is preferably equal to the data step width used by the
B-mode image data generating unit 41 at the time of
generating B-mode image data, but may be set to a value
greater than the data step width when it is wanted to reduce
a computational load in the frequency analyzing unit 122.

Thereafter, the frequency analyzing unit 122 determines
whether the data position Z* is greater than the maximum
value Z®  inthe sound ray SR, (step $39). When the data
position Z* is greater than the maximum value Z® _(YES
in step S39), the frequency analyzing unit 122 increases the
counter k bzl 1 (step S40). On the other hand, when the data
position Z* is equal to or less than the maximum value
7% (NO in step S39), the frequency analyzing unit 122
moves back to step S33. In this way, the frequency analyzing
unit 122 performs the FFT computation on
{@z®,  ~Z® )D}+1] FFT data groups in the sound ray
SR,. Here, [X] represents a maximum integer not greater
than X.

After step S40, the frequency analyzing unit 122 deter-
mines whether the counter k is greater than the maximum
value k,, . (step S41). When the counter k is greater than
K,... (YES in step S41), the frequency analyzing unit 122
ends a series of FFT processes. On the other hand, when the
counter k is equal to or less than k. (NO in step S41), the
frequency analyzing unit 122 moves back to step S32.

In this way, the frequency analyzing unit 122 performs the
FFT computation on each of (k,,, ~k,+1) sound rays plural
times.

Here, it is on the premise that the frequency analyzing unit
122 performs the frequency analyzing process on the entire
region in which the ultrasonic signal is received, but a
setting input for a specific region of interest may be received
through the input unit 5 in advance and the frequency
analyzing process may be performed in the region of inter-
est.

Subsequently to the above-mentioned frequency analyz-
ing process of step S19, the approximation unit 124 extracts
pre-correction features by performing regression analysis on
the frequency spectra calculated by the frequency analyzing
unit 122 as an approximating process (step S20). Specifi-
cally, the approximation unit 124 extracts the slope a,, the
intercept by, (and the intensity ¢,), which characterizes the
linear expression, as the pre-correction features by calculat-
ing the linear expression approximating the intensity I(f, z)
of the frequency spectrum in the frequency band f, <f<f;, of
the frequency spectrum by the regression analysis. The
straight line L, illustrated in FIG. 10 is an example of a
regression line which is acquired by performing a pre-
correction feature extracting process on the spectrum C,, in
step S20.

Thereafter, the attenuation correcting unit 125 performs
the attenuation correcting process on the pre-correction
features extracted by the approximation unit 124 (step S21).
For example, when the data sampling frequency is 50 MHz,
the data sampling time interval is 20 (nsec). Here, when the
sound speed is 1530 (m/sec), the data sampling distance
interval is 1530 (m/sec)x20 (nsec)/2=0.0153 (mm). When
the number of data steps from the first data piece in the
sound ray up to the data position of the FFT data group to
be processed is n, the data position Z is 0.0153 nD (mm)
from the number of data steps n and the data step width D.
The attenuation correcting unit 125 calculates the slope a,
the intercept b, (and the intensity c) which are features of the
frequency spectrum by substituting the value of the data
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position Z, which are acquired in this way, for the reception
depth z of Expressions (2) to (4). The straight line L,
illustrated in FIG. 14 is an example of the straight line
corresponding to the features calculated in this way.

Steps S20 and S21 described above constitute a feature
extracting step of extracting at least one feature from a
frequency spectrum by causing the feature extracting unit
123 to approximate the frequency spectrum.

Thereafter, the feature image data generating unit 131
generates feature image data using the features extracted in
the feature extracting step (steps S20 and S21) (step S22).

Subsequently, the display unit 6 displays the B-mode
image generated by the B-mode image data generating unit
41 and/or the feature image generated by the feature image
data generating unit 131 (step S23). At this time, the display
unit 6 may display any one of the B-mode image and the
feature image, may arrange and display the B-mode image
and the feature image, or may overlap and display the
B-mode image and the feature image. When the B-mode
image and the feature image are overlapped and displayed,
a mixing ratio of the B-mode image and the feature image
may be changed by an input from the input unit 5.

In this way, by displaying the feature image along with the
B-mode image on the display unit 6, a user such as a doctor
can determine the tissue characterization of a specimen
along with information based on the B-mode image and can
perform diagnosis with higher accuracy.

After step S23, the ultrasonic observation apparatus 11
ends a series of processes. The ultrasonic observation appa-
ratus 11 may periodically repeat the processes of steps S11
to S23.

According to the second embodiment of the present
invention described above, since the process of eliminating
an influence depending on the types of the ultrasound probe
is performed on both the transmission drive wave and the
reception signal, it is possible to realize observation of an
ultrasound image from which the influence exerted by the
difference in types between the ultrasound probes is elimi-
nated, similarly to the first embodiment.

According to the second embodiment, since the transmis-
sion drive wave having a frequency spectrum having a
greater value at a frequency at which the attenuation is larger
when the transmission drive wave is converted into the
transmission echo by the ultrasound probe is generated and
the reception signal thereofis corrected based on the attenu-
ation for each frequency, it is possible to satisfactorily
eliminate the influence exerted by the difference in charac-
teristics between the types of the ultrasound probes.

In the second embodiment, the features are extracted by
performing the frequency analysis, but a difference in char-
acteristics between the types of the ultrasound probes is
excluded from the features. Therefore, according to the
second embodiment, there is no influence by the types of the
ultrasound probe even in quantitatively evaluating an ultra-
sound image.

Other Embodiments

While embodiments of the present invention have been
described, the present invention is not limited to the above-
mentioned embodiments. For example, in some embodi-
ments, the feature extracting unit 123 may calculate the
approximate expression of the corrected frequency spectrum
after performing the attenuation correction on the frequency
spectrum. FIG. 18 is a diagram schematically illustrating a
summary of the attenuation correcting process which is
performed by the attenuation correcting unit 125. As illus-
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trated in FIG. 18, the attenuation correcting unit 125 per-
forms a correction process (I(f, z)—I(f, z)+A(f, z)) of adding
the attenuation A(f, z) of Expression (1) to the intensity I(f,
z) at any frequency f (f;<f<f;;) in the band on the spectrum
C,,. Accordingly, a new spectrum C,, is obtained from
which a contribution of attenuation due to propagation of
ultrasonic waves is reduced. The approximation unit 124
extracts the features by performing the regression analysis
on the spectrum C, ,. In this case, the extracted features are
the slope a, the intercept b, (and the intensity c) of the
straight line L, illustrated in FIG. 18. This straight line is
the same as the straight line L, illustrated in FIG. 14.
The control unit 8 may collectively perform the amplifi-
cation correcting process of the amplification correcting unit
121 and the attenuation correcting process of the attenuation
correcting unit 125. These processes are equivalent to the
attenuation correcting process of step S21 illustrated in FIG.
15 which is performed by changing the definition of the
attenuation to Expression (6) without performing the ampli-
fication correcting process of step S18 illustrated in FIG. 15.

(6)

Here, vy(z) on the right side represents a difference
between the amplification factors p and f, at the reception
depth z and is expressed by the following expressions.

12)=~{(Ba—Bozatz+Ba-Bolzszs) M

A=20zfv(z)

12)-0(>2,)

®

According to some embodiments, it is possible to realize
observation of an ultrasound image from which an influence
exerted by a difference in types between ultrasound probes
is eliminated.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention 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 plurality of ultrasound probes each configured to trans-
mit to a specimen a transmission echo obtained by
converting a transmission drive wave which is an
electrical signal, to receive a reception echo reflected
from the specimen, and to convert the reception echo
into a reception signal which is an electrical signal; and

a processor comprising hardware, wherein the processor
is configured to:
reference a storage configured to store, for each ultra-

sound probe, attenuation that is a difference in signal
intensity for each frequency between a predeter-
mined common waveform and a waveform obtained
by providing the plurality of ultrasound probes with
a common transmission drive wave, in order for a
waveform of the transmission echo of each of the
plurality of ultrasound probes to be the predeter-
mined common waveform;
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generate, for each ultrasound probe, a transmission
drive wave obtained by adding the attenuation to the
common transmission drive wave, with reference to
the storage, in order to transmit to the specimen the
transmission echo having the predetermined com-
mon waveform;
perform a correction process for each frequency with
reference to the storage, by adding the attenuation to
the reception signal which is obtained by transmit-
ting to the specimen the transmission echo having
the predetermined common waveform and by con-
verting the reception echo reflected from the speci-
men, the transmission echo being obtained by con-
verting the transmission drive wave that is given by
adding the attenuation to the common transmission
drive wave; and
form image data using the reception signal corrected by
the correction process.
2. The ultrasonic observation apparatus according to
claim 1,
wherein the ultrasound probes are of different types,
wherein one ultrasound probe is selectable from the
different types of ultrasound probes, and
wherein the storage is configured to store the attenuation
depending on the types of ultrasound probes.
3. The ultrasonic observation apparatus according to
claim 1,
wherein the processor is configured to:
analyze frequencies of an ultrasonic wave received by
each of the ultrasound probes to calculate a fre-
quency spectrum;
approximate the frequency spectrum calculated by the
frequency analyzing unit to extract at least one
feature from the frequency spectrum; and
generate feature image data depending on the feature
extracted.
4. The ultrasonic observation apparatus according to
claim 3,
wherein the processor is configured to perform an attenu-
ation correcting process of reducing a contribution of
attenuation generated depending on a reception depth
and a frequency of the ultrasonic wave before or after
approximating the frequency spectrum.
5. The ultrasonic observation apparatus according to
claim 3,
wherein the processor is configured to approximate the
frequency spectrum using a polynomial by regression
analysis.
6. The ultrasonic observation apparatus according to
claim 5,
wherein the processor is configured to approximate the
frequency spectrum using a linear expression and to
extract, as a feature, at least one of a slope of the linear
expression, an intercept of the linear expression, and an
intensity which is determined using the slope, the
intercept, and a specific frequency included in a fre-
quency band of the frequency spectrum.

* #* * #* #®
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