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Description
Field

[0001] The present invention relates to an ultrasound observation apparatus for observing a tissue of an observation
target using ultrasound, a method for operating the ultrasound observation apparatus, and a program for operating the
ultrasound observation apparatus.

Background

[0002] As atechnique for observing a tissue of a specimen using ultrasound, there is a known technique for performing
a frequency analysis on an electrical echo signal obtained by converting an ultrasound echo from the specimen, and
generating a feature image to which a feature of a frequency spectrum obtained as the result of the analysis is added
as visual information (for example, refer to Patent Literature 1). In this technique, the feature image and an ultrasound
image are sometimes displayed side by side.

[0003] The ultrasound image has different display patterns depending on an examination mode. Known examples of
the examination mode for ultrasound include: a B mode in which amplitude of an echo signal is converted into luminance
to generate an image; a tissue harmonic imaging (THI) mode in which non-linearity of a living body tissue is utilized to
generate an image; and a contrast mode in which an ultrasound contrast agent, which is a suspension of microbubbles
introduced into an observation target, is highlighted to generate an image (for example, refer to Patent Literature 2).

Citation List
Patent Literature
[0004]

Patent Literature 1: WO 2012/011414 A
Patent Literature 2: JP 4820494 B

Summary
Technical Problem

[0005] When the ultrasound observation is performed, amplitude and a frequency band of transmitted ultrasound are
generally changed in accordance with the examination mode. For example, in a case where the ultrasound observation
is performed in the contrast mode, ultrasound having lower amplitude and a narrower frequency band than that in the
B mode or the THI mode is transmitted. Therefore, computing a feature of a frequency spectrum with the use of the
received ultrasound causes such a problem that a calculation result of the feature varies in accordance with the exam-
ination mode for the ultrasound image.

[0006] The presentinvention has been made in view of the foregoing, and an object of the invention is to provide an
ultrasound observation apparatus capable of keeping a feature of a frequency spectrum corresponding to received
ultrasound constant regardless of characteristics of transmitted ultrasound, a method for operating the ultrasound ob-
servation apparatus, and a program for operating the ultrasound observation apparatus.

Solution to Problem

[0007] In order to solve the above described problem and achieve the object, an ultrasound observation apparatus
according to the invention generates an ultrasound image based on an ultrasound echo obtained by an ultrasound probe,
the ultrasound probe having an ultrasound transducer configured to transmit ultrasound to an observation target and
receive the ultrasound reflected from the observation target. The ultrasound observation apparatus includes: a trans-
mitting and receiving unit configured to: generate an electrical transmission drive wave for generating an ultrasound
pulse to be transmitted by the ultrasound probe; output the transmission drive wave to the ultrasound probe; and receive
an electrical echo signal from the ultrasound probe; a frequency analysis unit configured to analyze a frequency of the
echo signal to calculate a frequency spectrum of the echo signal; a band setting unit configured to set, in accordance
with the transmission drive wave, a feature calculation-purpose frequency band that is used in calculating a feature of
the frequency spectrum; an intensity correction unit configured to correct intensity of the frequency spectrum in the
feature calculation-purpose frequency band set by the band setting unit, using a correction amount defined in accordance
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with the transmission drive wave, thereby to calculate a corrected frequency spectrum; and an approximation unit
configured to approximate the corrected frequency spectrum calculated by the intensity correction unit, in the feature
calculation-purpose frequency band, thereby to extract a feature of the corrected frequency spectrum.

[0008] In the ultrasound observation apparatus according to the above-described invention, the band setting unit is
configured to set the feature calculation-purpose frequency band in accordance with amplitude and a frequency band
of the transmission drive wave and characteristics of the ultrasound transducer of the ultrasound probe connected to
the ultrasound observation apparatus.

[0009] In the ultrasound observation apparatus according to the above-described invention, the band setting unit is
configured to set the feature calculation-purpose frequency band by further using information on a reception depth of
the ultrasound.

[0010] In the ultrasound observation apparatus according to the above-described invention, a plurality of examination
modes with different characteristics of transmission drive waves to be generated is settable. The band setting unit is
configured to calculate the corrected frequency spectrum by using, as the correction amount, a difference for each
frequency between the frequency spectrum of the transmission drive wave in a reference mode included in the plurality
of examination modes and the frequency spectrum of the transmission drive wave generated for obtaining the electrical
echo signal as a correction target.

[0011] Inthe ultrasound observation apparatus according to the above-described invention, the plurality of examination
modes includes a contrast mode for highlighting an ultrasound contrast agent to be introduced into the observation
target. The transmission drive wave in the reference mode is a signal having a higher amplitude voltage and a wider
frequency band than the transmission drive wave in the contrast mode.

[0012] The ultrasound observation apparatus according to the above-described invention further includes an intensity
correction information storage unit configured to store intensity correction information required for correcting the intensity
of the frequency spectrum. The intensity correction unit is configured to calculate the corrected frequency spectrum
using the intensity correction information.

[0013] The ultrasound observation apparatus according to the above-described invention further includes: a mode
information storage unit configured to store information on a plurality of examination modes that is settable in the
ultrasound observation apparatus and is different in characteristics of transmission drive waves to be generated; and a
transducer information storage unit configured to store information including the characteristics of the ultrasound trans-
ducer of the ultrasound probe that is connectable to the ultrasound observation apparatus. The band setting unit is
configured to set the feature calculation-purpose frequency band using the information stored in the mode information
storage unit and the information stored in the transducer information storage unit.

[0014] The ultrasound observation apparatus according to the above-described invention further includes an attenu-
ation correction unit configured to perform an attenuation correction for reducing a contribution of attenuation occurred
in accordance with a reception depth and the frequency of the ultrasound, the attenuation correction being performed
before the approximation unit approximates the corrected frequency spectrum and after the band setting unit sets the
feature calculation-purpose frequency band, or after the approximation unit approximates the corrected frequency spec-
trum.

[0015] The ultrasound observation apparatus according to the above-described invention further includes: an ultra-
sound image data generating unit configured to generate ultrasound image data using the echo signal; a feature image
data generating unit configured to generate feature image data for displaying information related to the feature; and a
display controller configured to cause a display device connected to the ultrasound observation apparatus to display,
side by side, two images corresponding to the ultrasound image data and the feature image data.

[0016] A method for operating an ultrasound observation apparatus according to the invention is a method for operating
an ultrasound observation apparatus for generating an ultrasound image based on an ultrasound echo obtained by an
ultrasound probe, the ultrasound probe having an ultrasound transducer configured to transmit ultrasound to an obser-
vation target and receive the ultrasound reflected from the observation target. The method includes: a signal generating
step of receiving an electrical echo signal from the ultrasound probe, by a transmitting and receiving unit configured to
generate an electrical transmission drive wave for generating an ultrasound pulse to be transmitted by the ultrasound
probe to output the transmission drive wave to the ultrasound probe; a frequency analysis step of analyzing, by a
frequency analysis unit, a frequency of the echo signal to calculate a frequency spectrum of the echo signal; a band
setting step of setting, by a band setting unit, a feature calculation-purpose frequency band that is used in calculating a
feature of the frequency spectrum, in accordance with the transmission drive wave; an intensity correction step of
correcting, by an intensity correction unit, intensity of the frequency spectrum in the feature calculation-purpose frequency
band, using a correction amount defined in accordance with the transmission drive wave, thereby to calculate a corrected
frequency spectrum; and an approximation step of approximating the corrected frequency spectrum in the feature cal-
culation-purpose frequency band, thereby to extract a feature of the corrected frequency spectrum.

[0017] A program for operating an ultrasound observation apparatus according to the invention is a program for
operating an ultrasound observation apparatus for generating an ultrasound image based on an ultrasound echo obtained
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by an ultrasound probe, the ultrasound probe having an ultrasound transducer configured to transmit ultrasound to an
observation target and receive the ultrasound reflected from the observation target. The program causes the ultrasound
observation apparatus to execute: a signal generating step of receiving an electrical echo signal from the ultrasound
probe, by a transmitting and receiving unit configured to generate an electrical transmission drive wave for generating
an ultrasound pulse to be transmitted by the ultrasound probe to output the transmission drive wave to the ultrasound
probe; a frequency analysis step of analyzing, by a frequency analysis unit, a frequency of the echo signal to calculate
a frequency spectrum of the echo signal; a band setting step of setting, by a band setting unit, a feature calculation-
purpose frequency band that is used in calculating a feature of the frequency spectrum, in accordance with the trans-
mission drive wave; an intensity correction step of correcting, by an intensity correction unit, intensity of the frequency
spectrum in the feature calculation-purpose frequency band, using a correction amount defined in accordance with the
transmission drive wave, thereby to calculate a corrected frequency spectrum; and an approximation step of approxi-
mating the corrected frequency spectrum in the feature calculation-purpose frequency band, thereby to extract a feature
of the corrected frequency spectrum.

Advantageous Effects of Invention

[0018] According to the present invention, intensity of a frequency spectrum in a predetermined frequency band is
corrected using a correction amount defined in accordance with a transmission drive wave, thereby to calculate a
corrected frequency spectrum. After that, the corrected frequency spectrum is approximated in the predetermined fre-
quency band to extract a feature of the corrected frequency spectrum. It is therefore possible to extract the feature
independent of the transmission drive wave. Accordingly, the feature of the frequency spectrum corresponding to the
received ultrasound can be kept constant regardless of characteristics of transmitted ultrasound.

Brief Description of Drawings
[0019]

FIG. 1 is a block diagram illustrating a functional configuration of an ultrasound diagnosis system including an
ultrasound observation apparatus according to an embodiment of the present invention.

FIG. 2 is a graph schematically illustrating frequency characteristics of sensitivity of an ultrasound transducer.
FIG. 3 is a graph schematically illustrating an exemplary waveform of a transmission drive wave generated by a
transmission processing unit of the ultrasound observation apparatus according to the embodiment of the present
invention.

FIG. 4 is a graph schematically illustrating a frequency spectrum of the transmission drive wave illustrated in FIG. 3.
FIG. 5 is a graph schematically illustrating another exemplary waveform of the transmission drive wave generated
by the transmission processing unit of the ultrasound observation apparatus according to the embodiment of the
present invention.

FIG. 6 is a graph schematically illustrating a frequency spectrum of the transmission drive wave illustrated in FIG. 5.
FIG. 7 is a graph illustrating a relation between a reception depth and an amplification factor in an amplification
process performed by a reception processing unit of the ultrasound observation apparatus according to the embod-
iment of the present invention.

FIG. 8 is a graph illustrating a relation between a reception depth and an amplification factor in an amplification
correction process performed by an amplification correction unit of the ultrasound observation apparatus according
to the embodiment of the present invention.

FIG. 9 is a diagram schematically illustrating a data array in a single sound ray of an ultrasound signal.

FIG. 10 is a graph illustrating an exemplary frequency spectrum calculated by a frequency analysis unit of the
ultrasound observation apparatus according to the embodiment of the present invention.

FIG. 11 is a graph illustrating another exemplary frequency spectrum calculated by the frequency analysis unit of
the ultrasound observation apparatus according to the embodiment of the present invention.

FIG. 12 is a graph schematically illustrating an intensity correction process performed by an intensity correction unit
in a feature calculation-purpose frequency band in the ultrasound observation apparatus according to the embodi-
ment of the present invention.

FIG. 13 is a graph schematically illustrating a process of an approximation unit of the ultrasound observation appa-
ratus according to the embodiment of the present invention.

FIG. 14is aflowchartillustrating an outline of a process performed by the ultrasound observation apparatus according
to the embodiment of the present invention.

FIG. 15 is a flowchart illustrating an outline of a process performed by the frequency analysis unit of the ultrasound
observation apparatus according to the embodiment of the present invention.
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FIG. 16 is a graph schematically illustrating a waveform of a transmission drive wave according to a modification of
the embodiment of the present invention.

FIG. 17 is a graph schematically illustrating a frequency spectrum of the transmission drive wave illustrated in FIG. 16.
FIG. 18 is a graph illustrating a frequency spectrum calculated by a frequency analysis unit when a transmission
processing unit generates the transmission drive wave illustrated in FIG. 16, and schematically illustrating an outline
ofanintensity correction process performed on the frequency spectrum by an intensity correction unitin the ultrasound
observation apparatus according to a modification of the embodiment of the present invention. Description of Em-
bodiments

[0020] Hereinafter, modes for carrying out the present invention (hereinafter referred to as "embodiment(s)") will be
described with reference to the accompanying drawings.

[0021] FIG. 1is a block diagram illustrating a functional configuration of an ultrasound diagnosis system including an
ultrasound observation apparatus according to an embodiment of the present invention. An ultrasound diagnosis system
1 illustrated in FIG. 1 includes an ultrasound endoscope 2, an ultrasound observation apparatus 3, and a display device
4. The ultrasound endoscope 2 transmits ultrasound to a subject that is an observation target, and receives the ultrasound
reflected from the subject. The ultrasound observation apparatus 3 generates an ultrasound image based on an ultrasound
signal obtained by the ultrasound endoscope 2. The display device 4 displays the ultrasound image generated by the
ultrasound observation apparatus 3.

[0022] In the ultrasound diagnosis system 1, at least any of a B mode, a THI mode, and a contrast mode can be set.
In the B mode, amplitude of an echo signal is converted into luminance and displayed. In the THI mode, echo signals
are added to or subtracted from each other, to highlight a harmonic component. In the contrast mode, an ultrasound
contrast agent introduced into the subject is highlighted. Among them, the setting of the THI mode can be further
subdivided in accordance with, for example, resolution and an invasion depth. Generally, modes other than the above-
mentioned three modes can also be set. The preset embodiment is based on the assumption that the above-mentioned
three modes can be set for convenience of explanation.

[0023] The ultrasound endoscope 2 has an ultrasound transducer 21 at a distal end portion thereof. The ultrasound
transducer 21 converts an electrical pulse signal received from the ultrasound observation apparatus 3 into an ultrasound
pulse (acoustic pulse), and irradiates the subject with the ultrasound pulse. The ultrasound transducer 21 also converts
an ultrasound echo reflected from the subject into an electrical echo signal represented by a voltage change, and outputs
the electrical echo signal. The ultrasound transducer 21 may be any of a convex transducer, a linear transducer, and a
radial transducer. The ultrasound endoscope 2 may be configured to cause the ultrasound transducer 21 to perform
scanning mechanically. Alternatively, the ultrasound endoscope 2 may be configured such that a plurality of elements
is provided as the ultrasound transducer 21 in the form of an array, and elements related to transmission/reception are
switched electronically or a delay is applied to transmission/reception of each element, thereby causing the ultrasound
transducer 21 to perform scanning electronically.

[0024] FIG. 2 is a graph schematically illustrating frequency characteristics of sensitivity of the ultrasound transducer
21.In FIG. 2, a horizontal axis represents a frequency f, and a vertical axis represents sensitivity S. As is obvious from
a characteristic curve 101 illustrated in FIG. 2, the ultrasound transducer 21 has a high degree of sensitivity with respect
to an effective band W that is a specific frequency band, and functions as a filter for the ultrasound signal. Generally,
the frequency characteristic of the sensitivity of the ultrasound transducer 21 depends on the type of the ultrasound
transducer 21. Therefore, in the ultrasound observation apparatus 3, a transducer information storage unit 371 of a
storage unit 37 to be described later stores a sensitivity characteristic corresponding to each kind of the ultrasound
transducer 21.

[0025] The ultrasound endoscope 2 typically has an imaging optical system and an imaging sensor. The ultrasound
endoscope 2 can be inserted into a digestive tract (an esophagus, a stomach, a duodenum, and a large intestine) or a
respiratory organ (a trachea and a bronchus) of the subject that is the observation target to capture the digestive tract,
the respiratory organ, or peripheral organs thereof (a pancreas, a gallbladder, a bile duct, a biliary tract, a lymph node,
a mediastinal organ, and a blood vessel or the like). The ultrasound endoscope 2 also has a light guide that guides
illumination light with which the subject is irradiated at the time of the imaging. A distal end portion of the light guide
reaches a distal end of an insertion portion of the ultrasound endoscope 2 for the subject, and a proximal end portion
of the light guide is connected to a light source device that generates the illumination light.

[0026] The ultrasound observation apparatus 3 is electrically connected to the ultrasound endoscope 2, and includes
a transmitting and receiving unit 31, a signal processing unit 32, a computing unit 33, an image processing unit 34, an
input unit 35, a control unit 36, and a storage unit 37. The transmitting and receiving unit 31 transmits, to the ultrasound
transducer 21, a transmission signal (pulse signal) including a high-voltage pulse based on a predetermined waveform
and transmission timing, and receives an echo signal that is an electrical reception signal from the ultrasound transducer
21. The signal processing unit 32 generates digital reception data based on the echo signal received from the transmitting
and receiving unit 31. The computing unit 33 performs a predetermined calculation on the echo signal received from the



10

15

20

25

30

35

40

45

50

55

EP 3 295 876 A1

transmitting and receiving unit 31. The image processing unit 34 generates various types of image data. The input unit
35 is realized by using a user interface such as a keyboard, a mouse, and a touch panel, and accepts input of various
types of information. The control unit 36 comprehensively controls operation of the entire ultrasound diagnosis system
1. The storage unit 37 stores various types of information required for operation of the ultrasound observation apparatus 3.
[0027] The transmitting and receiving unit 31 has a transmission processing unit 311 and a reception processing unit
312. The transmission processing unit 311 generates a transmission drive wave that depends on the mode setting for
the ultrasound image, and transmits the transmission drive wave to the ultrasound endoscope 2. The reception processing
unit 312 performs a sensitivity time control (STC) correction on the echo signal received from the ultrasound endoscope
2.Inthe STC correction, the greater a distance from the ultrasound transducer 21 to a reflection position of the ultrasound
on the observation target, that is, a reception depth of the echo signal, is, the higher an amplification factor that is used
for amplification of the echo signal is. In a case where the ultrasound endoscope 2 has such a configuration as to cause
the ultrasound transducer 21, i.e. the plurality of elements provided in the form of an array, to perform the scanning
electronically, the transmitting and receiving unit 31 has a multichannel circuit for beam composition corresponding to
the plurality of elements.

[0028] FIG. 3 is a graph schematically illustrating an exemplary waveform of the transmission drive wave generated
by the transmission processing unit 311, and illustrating the waveform of the transmission drive wave for the B mode.
In FIG. 3, a horizontal axis represents time t, and a vertical axis represents voltage V. A transmission drive wave 111
illustrated in FIG. 3 is a rectangular pulse signal having amaximum voltage (amplitude) V4. The voltage of the transmission
drive wave sometimes rises to a negative value in accordance with the kind of the ultrasound transducer 21. In the
embodiment, a curve and a straight line representing various waveforms are formed by a set of discrete points.

[0029] FIG. 4 is a graph schematically illustrating a frequency spectrum of the transmission drive wave for the B mode
illustrated in FIG. 3. In FIG. 4, a horizontal axis represents the frequency f, and a vertical axis represents intensity I. A
spectrum 121 illustrated in FIG. 4 has such a wideband distribution as to include the effective band W of the ultrasound
transducer 21. The "frequency spectrum" as used herein means a "frequency distribution of the intensity" obtained by
subjecting the pulse signal to a fast Fourier transform (FFT). The "intensity" as used herein refers to, for example, any
of parameters such as the voltage and electric power of the pulse signal, amplitude and time integration values of these
parameters, and a combination thereof.

[0030] FIG. 5is a graph schematically illustrating another exemplary waveform of the transmission drive wave gen-
erated by the transmission processing unit 311, and illustrating the waveform of the transmission drive wave for the
contrastmode. InFIG. 5, ahorizontal axis represents the time t, and a vertical axis represents the voltage V. A transmission
drive wave 112 illustrated in FIG. 5 is a pulse signal having a maximum voltage (amplitude) V,. The maximum voltage
V, is set smaller than the maximum voltage V, of the transmission drive wave 111 for the B mode (V4 > V,).

[0031] FIG. 6is a graph schematically illustrating a frequency spectrum of the transmission drive wave for the contrast
mode illustrated in FIG. 5. In FIG. 6, a horizontal axis represents the frequency f, and a vertical axis represents the
intensity |. A spectrum 122 illustrated in FIG. 6 substantially has the intensity in a band narrower than the effective band
W of the ultrasound transducer 21. The transmission drive wave for the contrast mode illustrated in FIGS. 5and 6 is a
signal having low amplitude and including a narrow frequency band as compared with the transmission drive wave for
the B mode.

[0032] FIG.7isagraphillustrating arelation between the reception depth and the amplification factor in the amplification
process performed by the reception processing unit 312. The reception depth z illustrated in FIG. 7 is an amount that is
computed based on the time that has elapsed since the point of starting to receive ultrasound. As illustrated in FIG. 7,
when the reception depth z is less than a threshold value z,, the amplification factor g (dB) linearly increases from B
to By (> Bo) as the reception depth z increases. When the reception depth z is equal to or greater than the threshold
value zy,, the amplification factor B (dB) is a constant value B;;,. The threshold value z, is such a value that the ultrasound
signalreceived from the observation targetis attenuated almost completely and noise becomes dominant. More generally,
when the reception depth z is less than the threshold value z,, the amplification factor § is only required to monotonously
increase as the reception depth z increases. The relation illustrated in FIG. 7 is stored in the storage unit 37 in advance.
[0033] Thereception processing unit 312 subjects the amplified echo signal to a process such as filtering, and thereafter
to an A/D conversion. The reception processing unit 312 then outputs the echo signal to the signal processing unit 32
and the computing unit 33 as the reception signal.

[0034] The transmitting and receiving unit 31 having the above-mentioned functional configuration also has a function
of transmitting, to the ultrasound endoscope 2, various control signals output from the control unit 36, and a function of
receiving various types of information including an ID for identification from the ultrasound endoscope 2 and transmitting
the various types of information to the control unit 36.

[0035] The signal processing unit 32 subjects the echo signal to a well-known process such as a bandpass filter,
envelope detection, and a logarithmic conversion. The signal processing unit 32 thus generates digital ultrasound image
reception data, and outputs the digital ultrasound image reception data to the image processing unit 34. The digital
ultrasound image reception data are generated in accordance with the examination mode setin the ultrasound observation
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apparatus 3. The signal processing unit 32 is realized by using, for example, a general-purpose processor such as a
central processing unit (CPU) or a dedicated integrated circuit such as an application specific integrated circuit (ASIC)
or a field programmable gate array (FPGA) that executes a specific function.

[0036] The computing unit 33 has an amplification correction unit 331, a frequency analysis unit 332, and a feature
calculation unit 333. The amplification correction unit 331 performs an amplification correction on the echo signal output
from the transmitting and receiving unit 31 so as to make the amplification factor constant regardless of the reception
depth. The frequency analysis unit 332 subjects the echo signal that has undergone the amplification correction to the
FFT to perform a frequency analysis, thereby computing a plurality of frequency spectra that depends on the reception
depth and a reception direction of the ultrasound signal. The feature calculation unit 333 performs a predetermined
correction and approximation on the frequency spectrum to compute a feature of the frequency spectrum. The computing
unit 33 is realized by using, for example, a general-purpose processor such as a CPU or a dedicated integrated circuit
such as an ASIC or an FPGA.

[0037] FIG.8isagraphillustrating arelation between the reception depth and the amplification factor in the amplification
correction process performed by the amplification correction unit 331. As illustrated in FIG. 8, the amplification factor
(dB) in the amplification process performed by the amplification correction unit 331 takes a maximum value By, - B when
the reception depth z is zero, and linearly decreases as the reception depth z increases from zero to the threshold value
Zy,, and becomes zero when the reception depth z is equal to or greater than the threshold value z,. The relation
illustrated in FIG. 8 is stored in the storage unit 37 in advance. The amplification correction unit 331 performs the
amplification correction on the echo signal based on the relation illustrated in FIG. 8, thereby to cancel out the influence
ofthe STC correction performed by the reception processing unit 312 and to output a signal having a constant amplification
factor By,. Needless to say, the relation between the reception depth z and the ampilification factor B performed by the
amplification correction unit 331 varies depending on the relation between the reception depth and the amplification
factor in the reception processing unit 312.

[0038] The reason for performing the above-mentioned amplification correction will be described. The STC correction
is such a correction process as to amplify amplitude of an analog signal waveform uniformly over all frequency bands
while causing the amplification factor to monotonously increase with respect to the depth, thereby eliminating the influence
of the attenuation from the amplitude of the analog signal waveform. Therefore, in a case where a B mode image, a THI
mode image, or a contrast mode image is generated, it is possible to obtain an effect of eliminating the influence of the
attenuation from such an image.

[0039] On the other hand, in a case where the result of calculating and analyzing the frequency spectrum of the
ultrasound is utilized as described in the embodiment, the influence of the attenuation accompanying the propagation
of the ultrasound cannot necessarily be accurately eliminated even by the STC correction. This is because an attenuation
amount generally depends on the frequency (refer to Expression (1) to be described later) while the amplification factor
for the STC correction varies depending on the distance only and does not have the frequency dependence.

[0040] One possible way to address such a situation is to output the echo signal that has undergone the STC correction
when generating the B mode image or the like, and perform new transmission differentfrom the transmission for generating
the B mode image or the like when generating an image that is based on the frequency spectrum, thereby outputting
the echo signal that has not undergone the STC correction. However, this solution may lead to reduction in frame rate
of image data to be generated based on the echo signal.

[0041] In order to address such a situation, in the embodiment, the amplification factor is corrected by the amplification
correction unit 331 to eliminate the influence of the STC correction from the signal that has undergone the STC correction
for the generation of the B mode image or the like while maintaining the frame rate of the image data to be generated.
[0042] Thefrequency analysis unit 332 samples, at predetermined time intervals, line data of each sound ray subjected
to the amplification correction by the amplification correction unit 331, and generates sample data. The frequency analysis
unit 332 subjects a sample data group to the FFT process to compute frequency spectra at a plurality of locations (data
positons) on the line data.

[0043] FIG. 9is a diagram schematically illustrating a data array in a single sound ray of the ultrasound signal. In the
sound ray SR illustrated in FIG. 9, a white or black rectangle represents a single piece of data at a single sample point.
In the sound ray SR, the closer a piece of data is positioned to the right, the deeper the piece of sample data is located
when measured along the sound ray SR, from the ultrasound transducer 21 (refer to an arrow in FIG. 9). The sound ray
SRy is discretized at time intervals corresponding to a sampling frequency (for example, 50 MHz) in the A/D conversion
performed by the transmitting and receiving unit 31. In FIG. 9, an eighth data position on the sound ray SR of a number
k is set as an initial value Z(), in a direction of the reception depth z. However, the position of the initial value can be
arbitrarily set. The calculation result of the frequency analysis unit 332 is obtained as a complex number and stored in
the storage unit 37.

[0044] Data groups Fj (j = 1, 2, ..., K) illustrated in FIG. 9 are the sample data groups to be subjected to the FFT
process. Generally, the number of pieces of data in the sample data group needs to be a power of two in order to perform
the FFT process. In this sense, the sample data groups F; (j = 1, 2, ..., K-1) are normal data groups since the number
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of pieces of data is 16 (i.e. 24). However, the sample data group Fy is an abnormal data group since the number of
pieces of data is 12. When the FFT process is performed on the abnormal data group, a process for generating a normal
sample data group is performed by inserting zero data to cover shortfall. This process will be described in detail later
when a process of the frequency analysis unit 332 is described (refer to FIG. 15).

[0045] FIG. 10is a graph illustrating an exemplary frequency spectrum calculated by the frequency analysis unit 332,
and schematically illustrating a waveform of the echo signal generated by the reception processing unit 312 for the
transmission drive wave for the B mode illustrated in FIG. 4. FIG. 11 is a graph illustrating another exemplary frequency
spectrum calculated by the frequency analysis unit 332, and schematically illustrating a waveform of the echo signal
received by the reception processing unit 312 for the transmission drive wave for the contrast mode illustrated in FIG.
6. The frequency spectrum calculated by the frequency analysis unit 332 represents a "frequency distribution of the
intensity | at a certain reception depth z" obtained by subjecting the sample data group to the FFT process. The "intensity"
as used herein refers to, for example, any of parameters such as voltage of the echo signal, electric power of the echo
signal, a sound pressure of the ultrasound echo, and acoustic energy of the ultrasound echo, amplitude and time
integration values of these parameters, and a combination thereof.

[0046] In FIGS. 10 and 11, a horizontal axis represents the frequency f, and a vertical axis represents a common
logarithm (decibel representation) of an amount obtained by dividing intensity I, by reference intensity |, (constant), that
is, I = 10log4q (Ip/l). Spectra 131 and 132 illustrated respectively in FIGS. 10 and 11 are frequency distributions at the
same reception depth z.

[0047] Generally, in a case where the observation target is a living body tissue, the frequency spectrum of the echo
signal shows a tendency that depends on behavior of the living body tissue scanned with the ultrasound. This is because
the frequency spectrum of the echo signal correlates with the size, number density, and acoustic impedance or the like
of a scatterer that scatters the ultrasound. The "behavior of the living body tissue" as used herein represents, for example,
a malignant tumor (cancer), a benign tumor, an endocrine tumor, a mucinous tumor, a normal tissue, a cyst, and a
vascular channel or the like.

[0048] The feature calculation unit 333 has a band setting unit 334, an intensity correction unit 335, an approximation
unit 336, and an attenuation correction unit 337. The band setting unit 334 sets a frequency band for computing the
feature. The intensity correction unit 335 corrects the intensity of the frequency spectrum in the frequency band set by
the band setting unit 334. The approximation unit 336 approximates the frequency spectrum subjected to the intensity
correction (corrected frequency spectrum) by means of a regression analysis. The attenuation correction unit 337 corrects,
for the approximated corrected frequency spectrum, the influence of the attenuation of the ultrasound that depends on
the reception depth and the frequency of the ultrasound.

[0049] The band setting unit 334 sets a feature calculation-purpose frequency band based on, for example, the am-
plitude and an effective frequency band of the transmission drive wave and the frequency characteristic of the sensitivity
of the ultrasound transducer 21. The effective frequency band of the transmission drive wave as used herein represents,
for example, a frequency band in which the intensity of the transmission drive wave is greater than a predetermined
threshold value. The feature calculation-purpose frequency band represents a frequency band on which the approxi-
mation is performed by the approximation unit 336, and in which a good S/N ratio and sufficient signal intensity can be
obtained. The band setting unit 334 may set, as the feature calculation-purpose frequency band, an area in which the
intensity of the echo signal generated based on the received echo signal is equal to or greater than a predetermined
threshold value.

[0050] Furthermore, the band setting unit 334 may set the feature calculation-purpose frequency band by further using
information of the reception depth that is the distance from the surface of the ultrasound transducer 21. Specifically, for
the feature calculation-purpose frequency band set as mentioned above, the band setting unit 334 sets, as a final feature
calculation-purpose frequency band, the frequency band corrected such that the greater the reception depth is, the
narrower a bandwidth is and the smaller a maximum frequency in the band is. This is because the ultrasound has such
a characteristic that a high frequency component attenuates fast. In a case where the information of the reception depth
is further used, a relation between the reception depth and a correction amount for the frequency band is stored in the
storage unit 37 inadvance, and the band setting unit 334 only needs to refer to the storage unit 37 to perform the correction.
[0051] For the frequency spectrum calculated by the frequency analysis unit 332, the intensity correction unit 335
corrects, on a frequency basis, the intensity in the feature calculation-purpose frequency band set by the band setting
unit 334. The intensity correction unit 335 corrects, on a frequency basis, the intensity of the frequency spectrum in the
feature calculation-purpose frequency band by referring to intensity correction information stored in an intensity correction
information storage unit 373 of the storage unit 37 to be described later. The intensity correction unit 335 thus computes
the corrected frequency spectrum. The intensity correction information will be described in detail when the intensity
correction information storage unit 373 is described.

[0052] FIG. 12isa graph schematically illustrating the intensity correction process performed by the intensity correction
unit 335 in a feature calculation-purpose frequency band U. Specifically, FIG. 12 is the diagram schematically illustrating
a case where the intensity correction unit 335 performs the intensity correction process on the spectrum 132 illustrated
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in FIG. 11 on the assumption that a reference mode is the B mode and a correction target is the contrast mode. Arrows
illustrated in FIG. 12 schematically represent corrections in typical frequencies. A correction spectrum 133 obtained by
means of the correction has the same shape as the spectrum 131 illustrated in FIG. 10 in the frequency band U.
[0053] The approximation unit 336 performs the regression analysis on the corrected frequency spectrum after the
intensity correction in the feature calculation-purpose frequency band set by the band setting unit 334, and approximates
the corrected frequency spectrum by means of a primary expression. Consequently, the approximation unit 336 extracts
a feature of the corrected frequency spectrum. For example, in a case of the correction spectrum 133 illustrated in FIG.
12, the approximation unit 336 obtains an approximate straight line by performing the regression analysis in the frequency
band U. FIG. 13 is a graph schematically illustrating the above-mentioned process of the approximation unit 336. A
straight line L4 illustrated in FIG. 13 is an approximate straight line calculated by the approximation unit 336. When the
approximate straight line L, is represented by a primary expression of the frequency f, that is, | = a,f + by, the approx-
imation unit 336 extracts, as features corresponding to the straight line L, a slope ag, an intercept by, and a mid-band
fit ¢y = agfyy + by that is a value of the intensity | in a center frequency fy, = (f + f;)/2 of the frequency band U. In the
embodiment, after that, the attenuation correction unit 337 performs the attenuation correction on the features ag, by,
and ¢y, thereby computing a final feature. Hereinafter, therefore, the feature of the corrected frequency spectrum extracted
by the approximation unit 336 is referred to as a "temporary feature". Note that the approximation unit 336 can also
approximate the frequency spectrum by means of a polynomial expression including a secondary or higher-order ex-
pression using the regression analysis.

[0054] Among the three temporary features, the slope a; correlates with the size of the scatterer of the ultrasound. It
is generally considered that the greater the scatterer is the smaller the value of the slope is. The intercept by correlates
with the size of the scatterer, the difference in the acoustic impedance, and the number density (concentration) of the
scatterer or the like. Specifically, it is considered that the greater the scatterer is the greater the value of the intercept
b, is, the greater the difference in the acoustic impedance is the greater the value of the intercept by is, and the greater
the number density of the scatterer is the greater the value of the intercept by is. The mid-band fit ¢, is an indirect
parameter derived from the slope ag and the intercept by, and gives the intensity of the spectrum in the center of the
effective frequency band. Therefore, it is considered that the mid-band fit ¢y correlates with the luminance of the B mode
image to some extent in addition to the size of the scatterer, the difference in the acoustic impedance, and the number
density of the scatterer.

[0055] The attenuation correction unit 337 extracts the feature by performing the attenuation correction on the temporary
features (slope a, intercept by, and mid-band fit c)) extracted by the approximation unit 336. Hereinafter, the correction
performed by the attenuation correction unit 337 will be described. Generally, an attenuation amount A (f, z) of the
ultrasound is represented by

A (f, z) = 20zf ... (1).

[0056] In the expression, a is an attenuation factor, z is the reception depth of the ultrasound, and f is the frequency.
As is obvious from Expression (1), the attenuation amount A (f, z) is proportional to the frequency f. If an observation
target is a living body, a specific value of the attenuation factor a is 0.0 to 1.0 (dB/cm/MHz) and more preferably 0.3 to
0.7 (dB/cm/MHz), which is defined in accordance with a portion of the living body. For example, in a case where the
observation target is a pancreas, o might be defined as a = 0.6 (dB/cm/MHz). In the embodiment, the value of the
attenuation factor o may be able to be set or changed in response to input from the input unit 35.

[0057] The attenuation correction unit 337 extracts the feature by performing the attenuation correction on the slope
ay, the intercept by, and the mid-band fit ¢, in the following manner.

a = ag+ 20z ... (2)

c = ¢pt+ 20zfy ( = afuw+ b) ... (4)

[0058] As is obvious from Expressions (2) and (4), the greater the reception depth z of the ultrasound is, the greater
the correction amount for the correction performed by the attenuation correction unit 337 is. According to Expression
(3), the correction for the intercept is an identity transformation. This is because the intercept is a frequency component
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corresponding to the frequency 0 (Hz), and is not affected by the attenuation.
[0059] An expression of a straight line having the slope a in Expression (2) and the intercept b in Expression (3) is
given by

I =af + b= (ag + 20z) £ + by ... (5).

[0060] A straight line L, illustrated in FIG. 13 schematically represents this approximate straight line. As is obvious
from Expression (5) and FIG. 13, the straight line L, has the greater slope and the same intercept as compared with the
straight line L, before the attenuation correction.

[0061] Asthefeature calculated by the feature calculation unit 333 having the above-mentioned functional configuration,
it is possible to employ a statistic of slopes a, intercepts b, and mid-band fits c calculated by the attenuation correction
unit 337 in a plurality of unit areas (also referred to as discrimination windows). Examples of such a statistic include an
average, a standard deviation, a variance, and entropy.

[0062] The image processing unit 34 has an ultrasound image data generating unit 341 and a feature image data
generating unit 342. The ultrasound image data generating unit 341 generates, from the echo signal, ultrasound image
data in a selected display mode. The feature image data generating unit 342 generates feature image data that display
visual information related to the feature calculated by the feature calculation unit 333.

[0063] The ultrasound image data generating unit 341 generates the ultrasound image data that depend on the set
examination mode using the echo signal received from the signal processing unit 32. In the embodiment, the ultrasound
image data generating unit 341 generates any of B mode image data, THI mode image data, and contrast mode image
data.

[0064] The feature image data generating unit 342 generates the feature image data indicating the feature calculated
by the feature calculation unit 333. Specifically, the feature image data generating unit 342 generates the feature image
data by superimposing the visual information related to the feature on each pixel of an image in the ultrasound image
data. Examples of the visual information related to the feature include variables of a color space constituting a prede-
termined color system such as a color phase, colorfulness, brightness, a luminance value, red (R), green (G), and blue
(B). A feature image may be a two-dimensional image or may be a three-dimensional image.

[0065] The feature image data generating unit 342 assigns the visual information corresponding to the feature of the
frequency spectrum calculated from the sample data group Fj, to a pixel area corresponding to a data amount of a single
amplitude data group FJ- (=1, 2, ..., K)illustrated in FIG. 9, for example.

[0066] The feature image data generating unit 342 may generate the feature image data, for example, by associating
the visual information with any one of the above-mentioned slope a, intercept b, and mid-band fit c. The feature image
data generating unit 342 may be configured to generate the feature image data by associating the color phase with one
of two features selected from among the slope a, the intercept b, and the mid-band fit ¢, and associating light and
darkness with the other.

[0067] The control unit 36 has a display controller 361 that controls the display of the display device 4. The display
controller 361 performs control to cause the display device 4 to display, side by side, an ultrasound image corresponding
to the ultrasound image data generated by the ultrasound image data generating unit 341 and a feature image corre-
sponding to the feature image data generated by the feature image data generating unit 342.

[0068] The control unit 36 is realized by using, for example, a general-purpose processor such as a CPU having a
calculation and control function or a dedicated integrated circuit such as an ASIC or an FPGA. In a case where the
control unit 36 is realized by the general-purpose processor or the FPGA, the control unit 36 reads, from the storage
unit 37, various programs and various types of data stored in the storage unit 37 to execute various calculation processes
related to a method for operating the ultrasound observation apparatus 3. The control unit 36 thus comprehensively
controls the ultrasound observation apparatus 3. In a case where the control unit 36 is configured using the ASIC, the
control unit 36 may execute the various processes independently, or may execute the various processes by using the
various types of data stored in the storage unit 37. The control unit 36 can also be configured using a general-purpose
processor or a dedicated integrated circuit that is common to the signal processing unit 32 and the computing unit 33.
[0069] The storage unit 37 has the transducer information storage unit 371, a mode information storage unit 372, and
the intensity correction information storage unit 373. The transducer information storage unit 371 stores information
such as a sensitivity band as transducer information unique to the ultrasound transducer 21 connected to the ultrasound
observation apparatus 3. The mode information storage unit 372 stores information about the examination mode that
can be set. The intensity correction information storage unit 373 stores the intensity correction information for each
examination mode.

[0070] The transducer information storage unit 371 stores the sensitivity characteristic that depends on the kind of the
ultrasound transducer 21. The sensitivity characteristic is given, for example, by the characteristic curve 101 illustrated
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in FIG. 2.

[0071] The mode information storage unit 372 stores a parameter that depends on the examination mode that can be
set. An example of the parameter includes a parameter about the transmission drive wave. More specifically, the mode
information storage unit 372 stores information of the amplitude and the frequency spectrum of the transmission drive
wave generated for each examination mode.

[0072] The intensity correction information storage unit 373 stores, with respect to the reference mode defined in
advance among the examination modes that can be set, information for correcting the intensity of another examination
mode. For example, the intensity correction information storage unit 373 regards, as the reference mode, the B mode
in which the transmission drive wave having the maximum voltage of high amplitude and including the frequency spectrum
in a wide frequency band is generated. The intensity correction information storage unit 373 then stores, as the intensity
correction information, a difference from another examination mode (THI mode, contrast mode or the like) in each
frequency of the frequency spectrum of the transmission drive wave.

[0073] The storage unit 37 also stores, in addition to the above-mentioned items, for example, information required
for the amplification process (relation between the amplification factor and the reception depth illustrated in FIG. 7),
information required for the amplification correction process (relation between the amplification factor and the reception
depth illustrated in FIG. 8), information required for the attenuation correction process (refer to Expression (1)), and
information of awindow function (such as Hamming, Hanning, and Blackman) required for the frequency analysis process.
[0074] The storage unit 37 also stores various programs including an operation program for executing the method for
operating the ultrasound observation apparatus 3. The operation program can also be recorded in a computer-readable
recording medium such as a hard disc, a flash memory, a CD-ROM, a DVD-ROM, and a flexible disc to be distributed
widely. The above-mentioned various programs can also be downloaded and obtained via a communication network.
The communication network as used herein is realized by, for example, whether wired or wireless, an existing public
line network, a local area network (LAN), and a wide area network (WAN) or the like.

[0075] The storage unit 37 having the above-mentioned configuration is realized by using, for example, a read only
memory (ROM) on which the various programs or the like are installed in advance, and a random access memory (RAM)
that stores calculation parameters and data or the like for each process.

[0076] FIG. 14 is a flowchart illustrating an outline of the process performed by the ultrasound observation apparatus
3. The flowchart illustrated in FIG. 14 represents the process after the transmission processing unit 311 starts to transmit
the transmission drive wave that depends on the examination mode, and the ultrasound transducer 21 starts to transmit
the ultrasound.

[0077] First, the reception processing unit 312 receives, from the ultrasound endoscope 2, the echo signal that is the
result of measurement of the observation target obtained by the ultrasound transducer 21 (step S1).

[0078] Thereception processing unit 312 that has received the echo signal from the ultrasound transducer 21 performs
the predetermined reception process on the echo signal (step S2). Specifically, the reception processing unit 312 subjects
the echo signal to the amplification (STC correction), and thereafter to the process such as the filtering and the A/D
conversion. When the reception processing unit 312 performs the amplification, for example, the relation between the
amplification factor and the reception depth illustrated in FIG. 7 is used.

[0079] Next, the ultrasound image data generating unit 341 generates the ultrasound image data using the echo signal
subjected to the process such as the amplification by the reception processing unit 312, and outputs the ultrasound
image data to the display device 4 (step S3). In this case, the display controller 361 may perform the control to cause
the display device 4 to display the ultrasound image data.

[0080] The amplification correction unit 331 performs the amplification correction on the echo signal output from the
transmitting and receiving unit 31 so that the amplification factor is constant regardless of the reception depth (step S4).
At this time, the amplification correction unit 331 performs the amplification correction based on, for example, the relation
between the amplification factor and the reception depth illustrated in FIG. 8.

[0081] After that, the frequency analysis unit 332 performs, by means of the FFT, the frequency analysis on the echo
signal of each sound ray after the amplification correction, thereby computing the frequency spectra for all the sample
data groups, and stores the frequency spectra in the storage unit 37 (step S5). FIG. 15 is a flowchart illustrating an
outline of the process performed by the frequency analysis unit 332 in step S5. Hereinafter, the frequency analysis
process will be described in detail with reference to the flowchart illustrated in FIG. 15.

[0082] First, the frequency analysis unit 332 sets a counter k identifying a sound ray to be analyzed to k, (step S21).
[0083] Next, the frequency analysis unit 332 sets an initial value Z(k), of a data position (corresponding to the reception
depth) Z(K) representing a series of data groups (sample data groups) generated for FFT computation (step S22). As
mentioned above, in FIG. 9, the eighth data position on the sound ray SR, is set as the initial value Z(k)o, for example
[0084] After that, the frequency analysis unit 332 obtains the sample data group (step S23), and applies the window
function stored in the storage unit 37 to the obtained sample data group (step S24). By applying the window function to
the sample data group in the above-mentioned manner, it is possible to avoid discontinuity of the sample data group at
the boundary and prevent generation of an artifact.
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[0085] Next, the frequency analysis unit 332 determines whether the sample data group with the data position Zk) is
a normal data group (step S25). As described with reference to FIG. 9, the number of pieces of data in the sample data
group needs to be a power of two. Hereinafter, the number of pieces of data in the normal sample data group is assumed
to be 2" (n is a positive integer). In the embodiment, the data position Z(K) is set so as to be located, as much as possible,
in the center of the sample data group to which the data position Z(K) belongs. Specifically, since the number of pieces
of data in the sample data group is 2", the data position Z( is set at a 27/2 (i.e. 2n-1)-th position near the center of the
sample data group. In this case, it is meant by the normal sample data group that 2n-1 - 1 (i.e. assumed to be N) pieces
of data are present on a shallow side beyond the data position Z), and 2n-1 (i.e. assumed to be M) pieces of data are
present on a deep side beyond the data position Z(K). In the case illustrated in FIG. 9, the sample data group FJ- Gi=1,
2, ..., K-1) is normal. In the example illustrated in FIG. 9, n =4 (N =7, M = 8) is satisfied.

[0086] When the sample data group with the data position Z() is normal as the result of the determination in step S25,
(step S25: Yes), the frequency analysis unit 332 proceeds to step S27 to be described later.

[0087] When the sample data group with the data position Z(k) is not normal as the result of the determination in step
S25, (step S25: No), the frequency analysis unit 332 generates a normal sample data group by inserting zero data to
cover shortfall (step S26). To the sample data group determined to be not normal in step S25 (for example, the sample
data group Fy in FIG. 9), the window function is applied before the zero data are added. Therefore, the discontinuity of
the data does not occur even when the zero data are inserted into the sample data group. After step S26, the frequency
analysis unit 332 proceeds to step S27 to be described later.

[0088] In step S27, the frequency analysis unit 332 performs the FFT computation using the sample data group to
obtain the frequency spectrum which is the frequency distribution of the amplitude (step S27).

[0089] Next, the frequency analysis unit 332 varies the data position Z(K) with a step width D (step S28). The step
width D is stored in the storage unit 37 in advance. In the example illustrated in FIG. 9, D = 15 is satisfied. The step
width D desirably coincides with a data step width that is utilized when the ultrasound image data generating unit 341
generates the B mode image data. In a case where a calculation amount in the frequency analysis unit 332 needs to
be reduced, a value greater than the data step width may be set as the step width D.

[0090] After that, the frequency analysis unit 332 determines whether the data position Z&) is greater than a maximum
value Z()__. in the sound ray SR, (step S29). When the data position Z() is greater than the maximum value ZK__.
(step S29: Yes), the frequency analysis unit 332 increases the counter k by one (step S30). This means that the process
is transferred to the next sound ray. On the other hand, when the data position Z() is equal to or less than the maximum
value Z(K) . (step S29: No), the frequency analysis unit 332 returns to step $23.

[0091] After step S30, the frequency analysis unit 332 determines whether the counter k is greater than a maximum
value k4 (step S31). When the counter k is greater than ki, (step S31: Yes), the frequency analysis unit 332 ends
a series of frequency analysis processes. On the other hand, when the counter k is equal to or less than ki, (step S31:
No), the frequency analysis unit 332 returns to step S22. The maximum value ki, is a value indicated in an instruction
arbitrarily input by a user through the input unit 35, or a value set in the storage unit 37 in advance.

[0092] In the above-mentioned way, the frequency analysis unit 332 performs multiple FFT computations on (K4, -
ko + 1) sound rays within the area to be analyzed. The frequency spectrum obtained as the result of the FFT computation
is stored in the storage unit 37 together with the reception depth and the reception direction.

[0093] In the above-mentioned description, the frequency analysis unit 332 performs the frequency analysis process
on all the areas in which the ultrasound signals have been received. Alternatively, the input unit 35 can be configured
to be able to accept input for setting a partial area outlined in accordance with a specific depth range and sound ray
range, and the frequency analysis process can be performed only within the set partial area.

[0094] Subsequent to the above-mentioned frequency analysis process in step S5, the band setting unit 334 sets a
frequency band for calculating the feature (step S6). By step S6, the frequency band U illustrated in FIG. 12 is set, for
example.

[0095] After that, the intensity correction unit 335 refers to the intensity correction information stored in the intensity
correction information storage unit 373, and corrects the intensity of the frequency spectrum in the feature calculation-
purpose frequency band (step S7). For example, in a case where the B mode is regarded as the reference mode, when
the contrast mode is set as the examination mode, the intensity correction unit 335 corrects the intensity of the spectrum
132 as illustrated in FIG. 12 to obtain the correction spectrum 133.

[0096] The approximation unit 336 performs the regression analysis on the corrected frequency spectrum subjected
to the intensity correction in the feature calculation-purpose frequency band, thereby approximating the corrected fre-
quency spectrum by means of the primary expression. Consequently, the approximation unit 336 extracts the temporary
feature that is the feature of the corrected frequency spectrum (step S8). Examples of the temporary feature that is
extracted in this step include the above-mentioned slope a, intercept by, and mid-band fit cy. A straight line having these
temporary features can be exemplified by the straight line L, illustrated in FIG. 13.

[0097] The attenuation correction unit 337 performs the attenuation correction on the temporary feature to extract the
feature (step S9). For example, the attenuation correction unit 337 performs the attenuation correction using Expressions
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(2) to (4) mentioned above to extract the slope a, the intercept b, and the intensity ¢ as the features. A straight line having
these features can be exemplified by the straight line L, illustrated in FIG. 13.

[0098] The feature image data generating unit 342 generates the feature image data using the feature extracted in
step S9 (step S10). For example, the feature image data generating unit 342 generates the feature image data by
superimposing the visual information (e.g. color phase) associated with the feature on each pixel in the ultrasound image
data, thereby generating the feature image data. The feature image data generating unit 342 transmits the generated
feature image data to the display device 4.

[0099] After that, the display controller 361 performs the control to cause the display device 4 to display, side by side
on a screen, the ultrasound image corresponding to the ultrasound image data generated in step S3 and the feature
image corresponding to the feature image data generated in step S10 (step S11).

[0100] After step S11, the ultrasound observation apparatus 3 ends a series of processes. The ultrasound observation
apparatus 3 repeatedly executes the processes in steps S1 to S11.

[0101] According to the embodiment of the present invention described above, the intensity of the frequency spectrum
in the predetermined frequency band is corrected using the correction amount defined in accordance with the transmission
drive wave, whereby the corrected frequency spectrum is computed. After that, the corrected frequency spectrum is
approximated in the predetermined frequency band, whereby the feature of the corrected frequency spectrumis extracted.
Therefore, the feature that is independent of the transmission drive wave can be extracted. Thus, the feature of the
frequency spectrum corresponding to the received ultrasound can be kept constant regardless of the characteristic of
the transmitted ultrasound.

[0102] In addition, according to the embodiment, when the ultrasound image and the feature image are displayed side
by side, the feature image does not vary in accordance with the examination mode. Therefore, a user such as a doctor
can confirm the feature image under the same condition even when the examination mode is changed. In particular,
according to the embodiment, the feature image does not vary even when the examination mode is switched from the
B mode or the THI mode, in which the characteristic of the transmission drive wave is significantly different, to the contrast
mode. Therefore, the user can visually check the feature image without feeling a sense of discomfort. As a result, the
user can easily perform the diagnosis using the feature image, which can contribute to an improvement in accuracy of
the diagnosis.

[0103] Moreover, according to the embodiment, in a case where the frequency band is set by further using the infor-
mation of the reception depth of the ultrasound, the frequency band in which the S/N ratio has been deteriorated due to
the attenuation of the ultrasound is not included in the approximation, whereby accuracy of the computation of the feature
can be improved.

[0104] FIG. 16is agraph schematically illustrating a waveform of a transmission drive wave according to a modification
of the embodiment. In FIG. 16, in a manner similar to thatin FIG. 3, a horizontal axis represents the time t, and a vertical
axis represents the voltage V. A transmission drive wave 113 illustrated in FIG. 16 is a rectangular pulse having a
maximum voltage (amplitude) V5. The maximum voltage V5 is smaller than the maximum voltage V, of the transmission
drive wave 111 for the B mode illustrated in FIG. 3 by AV.

[0105] FIG. 17 is a graph schematically illustrating a frequency spectrum of the transmission drive wave illustrated in
FIG. 16.In FIG. 17, a horizontal axis represents the frequency f, and a vertical axis represents the intensity |. A spectrum
123 illustrated in FIG. 17 corresponds to such a waveform that the intensity of the spectrum 121 illustrated in FIG. 4 is
uniformly reduced by Al. The intensity difference Al is defined in accordance with the difference AV between the maximum
voltage of the transmission drive wave 111 and the maximum voltage of the transmission drive wave 113.

[0106] FIG. 18 is a graph illustrating a frequency spectrum calculated by the frequency analysis unit 332 when the
transmission processing unit 311 generates the transmission drive wave 113 illustrated in FIG. 16, and schematically
illustrating an outline of the intensity correction process performed on the frequency spectrum by the intensity correction
unit 335. In the case illustrated in FIG. 18 as well, the intensity correction unit 335 performs the intensity correction on
the assumption that the B mode is the reference mode. It is also illustrated in FIG. 18 that the band setting unit 334 sets
a feature calculation-purpose frequency band U’.

[0107] A spectrum 134 is a frequency spectrum generated based on an echo signal reflected and returned on entirely
the same condition as the spectrum 131 illustrated in FIG. 10. A correction spectrum 135 is a spectrum obtained after
the intensity correction is performed on the spectrum 134 in the frequency band U’ using the uniform correction amount Al.
[0108] As is obvious from the above-mentioned modification, in the embodiment, transmission drive waves having
various waveforms and frequency spectra can be generated.

[0109] Although the embodiment of the present invention has been described so far, the present invention should not
be limited only by the above-mentioned embodiment. For example, the attenuation correction process of the attenuation
correction unit 337 may be performed at any timing as long as it is performed before the approximation process of the
approximation unit 336 and after the band setting process of the band setting unit 334, or after the approximation process
of the approximation unit 336.

[0110] The presentinvention can also be applied to an ultrasound probe other than the above-mentioned ultrasound
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endoscope. As the ultrasound probe, a thin ultrasound miniature probe without an optical system may be employed.
The ultrasound miniature probe is generally inserted into a biliary tract, a bile duct, a pancreatic duct, a trachea, a
bronchus, a urethra, and a urinary duct, and used when peripheral organs thereof (a pancreas, a lung, a prostate, a
urinary bladder, and a lymph node or the like) are examined. As the ultrasound probe, an external ultrasound probe that
radiates ultrasound through a body surface of a subject may also be applied. The external ultrasound probe is generally
used when an abdominal organ (a liver, a gallbladder, and a urinary bladder), a breast (in particular, a mammary gland),
and a thyroid gland are examined.

[0111] In this manner, the present invention can include various embodiments in the range not departing from the
technical idea described in the claims.

Reference Signs List
[0112]

1 ULTRASOUND DIAGNOSIS SYSTEM

2 ULTRASOUND ENDOSCOPE

3 ULTRASOUND OBSERVATION APPARATUS

4 DISPLAY DEVICE

21 ULTRASOUND TRANSDUCER

31 TRANSMITTING AND RECEIVING UNIT

32 SIGNAL PROCESSING UNIT

33 COMPUTING UNIT

34 IMAGE PROCESSING UNIT

35 INPUT UNIT

36 CONTROL UNIT

37 STORAGE UNIT

101 CHARACTERISTIC CURVE

111, 112, 113 TRANSMISSION DRIVE WAVE
121, 122, 123, 131, 132, 134 SPECTRUM

133, 135 CORRECTION SPECTRUM

311 TRANSMISSION PROCESSING UNIT

312 RECEPTION PROCESSING UNIT

331 AMPLIFICATION CORRECTION UNIT

332 FREQUENCY ANALYSIS UNIT

333 FEATURE CALCULATION UNIT

334 BAND SETTING UNIT

335 INTENSITY CORRECTION UNIT

336 APPROXIMATION UNIT

337 ATTENUATION CORRECTION UNIT

341 ULTRASOUND IMAGE DATA GENERATING UNIT
342 FEATURE IMAGE DATA GENERATING UNIT
361 DISPLAY CONTROLLER

371 TRANSDUCER INFORMATION STORAGE UNIT
372 MODE INFORMATION STORAGE UNIT

373 INTENSITY CORRECTION INFORMATION STORAGE UNIT

Claims

1. Anultrasound observation apparatus for generating an ultrasound image based on an ultrasound echo obtained by
an ultrasound probe, the ultrasound probe having an ultrasound transducer configured to transmit ultrasound to an
observation target and receive the ultrasound reflected from the observation target, the ultrasound observation
apparatus comprising:

a transmitting and receiving unit configured to: generate an electrical transmission drive wave for generating
an ultrasound pulse to be transmitted by the ultrasound probe; output the transmission drive wave to the ultra-
sound probe; and receive an electrical echo signal from the ultrasound probe;

afrequency analysis unit configured to analyze a frequency of the echo signal to calculate a frequency spectrum
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of the echo signal;

a band setting unit configured to set, in accordance with the transmission drive wave, a feature calculation-
purpose frequency band that is used in calculating a feature of the frequency spectrum;

an intensity correction unit configured to correct intensity of the frequency spectrum in the feature calculation-
purpose frequency band set by the band setting unit, using a correction amount defined in accordance with the
transmission drive wave, thereby to calculate a corrected frequency spectrum; and

an approximation unit configured to approximate the corrected frequency spectrum calculated by the intensity
correction unit, in the feature calculation-purpose frequency band, thereby to extract a feature of the corrected
frequency spectrum.

The ultrasound observation apparatus according to claim 1, wherein

the band setting unitis configured to set the feature calculation-purpose frequency band in accordance with amplitude
and afrequency band of the transmission drive wave and characteristics of the ultrasound transducer of the ultrasound
probe connected to the ultrasound observation apparatus.

The ultrasound observation apparatus according to claim 2, wherein
the band setting unit is configured to set the feature calculation-purpose frequency band by further using information
on a reception depth of the ultrasound.

The ultrasound observation apparatus according to claim 1, wherein

a plurality of examination modes with different characteristics of transmission drive waves to be generated is settable,
and

the band setting unit is configured to calculate the corrected frequency spectrum by using, as the correction amount,
a difference for each frequency between the frequency spectrum of the transmission drive wave in a reference mode
included in the plurality of examination modes and the frequency spectrum of the transmission drive wave generated
for obtaining the electrical echo signal as a correction target.

The ultrasound observation apparatus according to claim 4, wherein

the plurality of examination modes includes a contrast mode for highlighting an ultrasound contrast agent to be
introduced into the observation target, and

the transmission drive wave in the reference mode is a signal having a higher amplitude voltage and a wider frequency
band than the transmission drive wave in the contrast mode.

The ultrasound observation apparatus according to claim 1, further comprising an intensity correction information
storage unit configured to store intensity correction information required for correcting the intensity of the frequency
spectrum, wherein

the intensity correction unit is configured to calculate the corrected frequency spectrum using the intensity correction
information.

The ultrasound observation apparatus according to claim 2, further comprising:

a mode information storage unit configured to store information on a plurality of examination modes that is
settable in the ultrasound observation apparatus and is different in characteristics of transmission drive waves
to be generated; and

a transducer information storage unit configured to store information including the characteristics of the ultra-
sound transducer of the ultrasound probe that is connectable to the ultrasound observation apparatus, wherein
the band setting unit is configured to set the feature calculation-purpose frequency band using the information
stored in the mode information storage unit and the information stored in the transducer information storage unit.

The ultrasound observation apparatus according to claim 1, further comprising an attenuation correction unit con-
figured to perform an attenuation correction for reducing a contribution of attenuation occurred in accordance with
a reception depth and the frequency of the ultrasound, the attenuation correction being performed before the ap-
proximation unit approximates the corrected frequency spectrum and after the band setting unit sets the feature
calculation-purpose frequency band, or after the approximation unit approximates the corrected frequency spectrum.

The ultrasound observation apparatus according to claim 1, further comprising:

an ultrasound image data generating unit configured to generate ultrasound image data using the echo signal;
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EP 3 295 876 A1

afeature image data generating unit configured to generate feature image data for displaying information related
to the feature; and

a display controller configured to cause a display device connected to the ultrasound observation apparatus to
display, side by side, two images corresponding to the ultrasound image data and the feature image data.

10. A method for operating an ultrasound observation apparatus for generating an ultrasound image based on an

1.

ultrasound echo obtained by an ultrasound probe, the ultrasound probe having an ultrasound transducer configured
to transmit ultrasound to an observation target and receive the ultrasound reflected from the observation target, the
method comprising:

a signal generating step of receiving an electrical echo signal from the ultrasound probe, by a transmitting and
receiving unit configured to generate an electrical transmission drive wave for generating an ultrasound pulse
to be transmitted by the ultrasound probe to output the transmission drive wave to the ultrasound probe;

a frequency analysis step of analyzing, by a frequency analysis unit, a frequency of the echo signal to calculate
a frequency spectrum of the echo signal;

a band setting step of setting, by a band setting unit, a feature calculation-purpose frequency band that is used
in calculating a feature of the frequency spectrum, in accordance with the transmission drive wave;

an intensity correction step of correcting, by an intensity correction unit, intensity of the frequency spectrum in
the feature calculation-purpose frequency band, using a correction amount defined in accordance with the
transmission drive wave, thereby to calculate a corrected frequency spectrum; and

an approximation step of approximating the corrected frequency spectrum in the feature calculation-purpose
frequency band, thereby to extract a feature of the corrected frequency spectrum.

A program for operating an ultrasound observation apparatus for generating an ultrasound image based on an
ultrasound echo obtained by an ultrasound probe, the ultrasound probe having an ultrasound transducer configured
to transmit ultrasound to an observation target and receive the ultrasound reflected from the observation target, the
program causing the ultrasound observation apparatus to execute:

a signal generating step of receiving an electrical echo signal from the ultrasound probe, by a transmitting and
receiving unit configured to generate an electrical transmission drive wave for generating an ultrasound pulse
to be transmitted by the ultrasound probe to output the transmission drive wave to the ultrasound probe;

a frequency analysis step of analyzing, by a frequency analysis unit, a frequency of the echo signal to calculate
a frequency spectrum of the echo signal;

a band setting step of setting, by a band setting unit, a feature calculation-purpose frequency band that is used
in calculating a feature of the frequency spectrum, in accordance with the transmission drive wave;

an intensity correction step of correcting, by an intensity correction unit, intensity of the frequency spectrum in
the feature calculation-purpose frequency band, using a correction amount defined in accordance with the
transmission drive wave, thereby to calculate a corrected frequency spectrum; and

an approximation step of approximating the corrected frequency spectrum in the feature calculation-purpose
frequency band, thereby to extract a feature of the corrected frequency spectrum.
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FIG.14
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