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ULTRASOUND OBSERVATION APPARATUS

[0001] This application claims benefit of Japanese Appli-
cation No. 2008-122264 filed in Japan on May 8, 2008, the
contents of which are incorporated by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound obser-
vation apparatus, and particularly relates to an ultrasound
observation apparatus capable of creating a blood flow image
of a subject.

[0004] 2. Description of the Related Art

[0005] An ultrasound observation apparatus has been con-
ventionally used widely, which can obtain a tomographic
image of a living body, and a blood flow image of an inside of
aregion of interest of the tomographic image by transmitting
ultrasound into the living body as a subject and receiving
reflection wave which is the ultrasound reflected in a biologi-
cal tissue as an examined region in the living body. Further,
the tomographic image and the blood flow image of the living
body which are obtained by the aforementioned ultrasound
observation apparatus are used, for example, when an opera-
tor and the like observe penetration depths of lesions, or
observe a state of an inside of an organ. As the apparatus
having such a function, there is proposed an ultrasound diag-
nostic apparatus of, for example, U.S. Pat. No. 6,419,632.
[0006] U.S. Pat. No. 6,419,632 discloses a configuration
for making it possible to acquire a blood flow image of a
microvessel existing in the subject by transmitting an ultra-
sound pulse having a wide-band frequency characteristic and
performing predetermined signal processing for an echo sig-
nal which is the ultrasound pulse reflected in the subject, in
the ultrasound diagnostic apparatus.

SUMMARY OF THE INVENTION

[0007] An ultrasound observation apparatus in the present
invention is an ultrasound observation apparatus capable of
creating a blood flow image of a subject by receiving a reflec-
tion signal of a sound output signal transmitted to the subject
as an electric signal, and performing various kinds of signal
processing for the electric signal, and includes a transmission
frequency switching section switching a frequency band of
the sound output signal which is transmitted to the subject to
a frequency band corresponding to an instruction signal
which is outputted from an operation instructing section, and
a blood flow color creating section changing a color at a time
of visualizing the blood flow image by linking with switching
of the frequency band by the transmission frequency switch-
ing section.

[0008] An ultrasound observation apparatus in the present
invention is an ultrasound observation apparatus capable of
creating a blood flow image of a subject by receiving a reflec-
tion signal of a sound output signal transmitted to the subject
as an electric signal, and performing various kinds of signal
processing for the electric signal, and includes a transmission
frequency switching section switching a frequency band of
the sound output signal which is transmitted to the subject to
a frequency band corresponding to an instruction signal
which is outputted from an operation instructing section, and
a filter processing section performing spatial filter processing
at a time of creation of the blood flow image, and changing a
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processing content of the spatial filter processing by linking
with switching of the frequency band by the transmission
frequency switching section.

[0009] An ultrasound observation apparatus in the present
invention is an ultrasound observation apparatus capable of
creating a blood flow image of a subject by receiving a reflec-
tion signal of a sound output signal transmitted to the subject
as an electric signal, and performing various kinds of signal
processing for the electric signal, and includes a transmission
frequency switching section switching a frequency band of
the sound output signal which is transmitted to the subject to
a frequency band corresponding to an instruction signal
which is outputted from an operation instructing section, a
blood flow color creating section changing a color at a time of
visualizing the blood flow image by linking with switching of
the frequency band by the transmission frequency switching
section, and a filter processing section performing spatial
filter processing at a time of creation of the blood flow image,
and changing a processing content of the spatial filter pro-
cessing by linking with switching of the frequency band by
the transmission frequency switching section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 11is a diagram showing one example of a con-
figuration of an essential part of an ultrasound observation
system including an ultrasound observation apparatus
according to an embodiment of the present invention;
[0011] FIG. 2is a block diagram showing one example of a
detailed configuration of a B-mode image arithmetic section
included by the ultrasound observation apparatus of FIG. 1;
[0012] FIG. 3 is a block diagram showing one example of a
detailed configuration of a blood flow image arithmetic sec-
tion included by the ultrasound observation apparatus of FIG.
1

[0013] FIG. 4 is a diagram showing one example of a filter
coefficient which is set in a spatial filter included by the blood
flow image arithmetic section of FIG. 3;

[0014] FIG. 5 is a diagram showing an example, which is
different from FIG. 4, of the filter coefficient which is set in
the spatial filter included by the blood flow image arithmetic
section of FIG. 3;

[0015] FIG. 6 is a diagram showing one example of the
filter coefficient which is set in a spatial filter provided at a
post-stage of the blood flow image arithmetic section of FIG.
1

[0016] FIG. 7 is a diagram showing an example, which is
different from FIG. 6, of the filter coefficient which is set in
the spatial filter provided at the post-stage of the blood flow
image arithmetic section of FIG. 1;

[0017] FIG. 8A is a diagram showing one example of a
color palette included by a color data creating section of FIG.
1

[0018] FIG. 8B is a diagram showing an example, which is
different from FIG. 8A, of the color palette included by the
color data creating section of FIG. 1;

[0019] FIG. 9A is a diagram of an example, which is dif-
ferent from FIGS. 8 A and 8B, of'the color palette included by
the color data creating section of FIG. 1,

[0020] FIG. 9B is a diagram showing an example, which is
different from FIGS. 8A, 8B and 9A, of the color palette
included by the color data creating section of FIG. 1;

[0021] FIG. 10 is a diagram showing one example of an
image which is outputted to a monitor from the ultrasound
observation apparatus of FIG. 1; and
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[0022] FIG. 11 is adiagram forexplaining transition among
display modes of a blood flow image.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Hereinafter, an embodiment ofthe present invention
will be described with reference to the drawings.

[0024] FIGS. 1 to 11 relate to the embodiment of the
present invention. FIG. 1 is a diagram showing one example
of a configuration of an essential part of an ultrasound obser-
vation system including an ultrasound observation apparatus
according to the embodiment of the present invention. FIG. 2
is a block diagram showing one example of a detailed con-
figuration of a B-mode image arithmetic section included by
the ultrasound observation apparatus of FIG. 1. FIG. 3 is a
block diagram showing one example of a detailed configura-
tion of a blood flow image arithmetic section included by the
ultrasound observation apparatus of FIG. 1. FIG. 4 is a dia-
gram showing one example of a filter coefficient which is set
in a spatial filter included by the blood flow image arithmetic
section of FIG. 3. FIG. 5 is a diagram showing an example,
which is different from FIG. 4, of the filter coefficient which
is set in the spatial filter included by the blood flow image
arithmetic section of FIG. 3. FIG. 6 is a diagram showing one
example of the filter coefficient which is set in a spatial filter
provided at a post-stage of the blood image arithmetic section
of FIG. 1. FIG. 7 is a diagram showing an example, which is
different from FIG. 6, of the filter coefficient which is set in
the spatial filter provided at the post-stage of the blood image
arithmetic section of FIG. 1.

[0025] FIG. 8A is a diagram showing one example of a
color palette included by a color data creating section of FIG.
1. FIG. 8B is a diagram showing an example, which is differ-
ent from FIG. 8A., of the color palette included by the color
data creating section of FIG. 1. FIG. 9A is a diagram of an
example, which is different from FIGS. 8A and 8B, of the
color palette included by the color data creating section of
FIG. 1. FIG. 9B is a diagram showing an example, which is
different from FIGS. 8A, 8B and 9A, of the color palette
included by the color data creating section of FIG. 1. FIG. 10
is a diagram showing one example of an image which is
outputted to a monitor from the ultrasound observation appa-
ratus of FIG. 1. FIG. 11 is a diagram for explaining transition
among display modes of a blood flow image.

[0026] Anultrasound observation system 100 has an essen-
tial part configured by having an ultrasound transducer 1, an
ultrasound observation apparatus 2 which performs process-
ing for an electric pulse signal from the ultrasound transducer
1 and outputs the electric pulse signal after processing as an
video signal, a monitor 3 which performs image display based
on the video signal which is outputted from the ultrasound
observation apparatus 2, and an operation instructing section
4 capable of outputting an instruction signal for giving
instructions to each section of the ultrasound observation
system 100, as shown in FIG. 1.

[0027] The ultrasound transducer 1 configured by a plural-
ity of array transducers converts an electric pulse signal
which is outputted from the ultrasound observation apparatus
2 into a sound pulse signal, and transmits the sound pulse
signal to a subject (not illustrated). Further, the ultrasound
transducer 1 receives a sound reflection signal which gener-
ates as a result of the sound pulse signal transmitted to the
subject being reflected in the subject, and converts scanning
information of each sound ray based on the sound reflection
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signal into an electric pulse signal to output the electric pulse
signal to the ultrasound observation apparatus 2.

[0028] The ultrasound transducer 1 of the present embodi-
ment may be configured by the other elements than a plurality
of array transducers. (In this case, a transmission/reception
circuit 11 which will be described later has the configuration
which does not include a beam forming circuit.)

[0029] The ultrasound observation apparatus 2 has a trans-
mission/reception circuit 11 including a function as a trans-
mission frequency switching section, a B-mode image arith-
metic section 12, a black and white data creating section 13,
a blood flow image arithmetic section 14, a spatial filter 15
which configures a part of a filter processing section, a color
data creating section 16 including a function as a blood flow
color creating section, an image composing section 17 con-
nected to the monitor 3, and a CPU 18 connected to the
operation instructing section 4, as shown in FIG. 1.

[0030] The transmission/reception circuit 11 is configured
by including a pre-amplifier, an A/D conversion circuit, and a
beam forming circuit. The transmission/reception circuit 11
creates an electric pulse with a center frequency and the
number of pulse waves corresponding to control of the CPU
18, and outputs the electric pulse to the ultrasound transducer
1. Further, the transmission/reception circuit 11 creates digi-
tal RF data by performing amplification and A/D conversion
processing for the electric pulse signal from the ultrasound
transducer 1, and thereby, creates digital RF data. The trans-
mission/reception circuit 11 outputs the created digital RF
data for B-mode image creation to the B-mode image arith-
metic section 12, and outputs the one for blood image creation
to the blood flow image arithmetic section 14 out of the
generated digital RF data.

[0031] The B-mode image arithmetic section 12 has a
band-pass filter 121, a Log compression processing section
122, a gain/STC processing section 123, a contrast processing
section 124, a low-pass filter 125, and a B-mode coordinate
conversion processing section 126 which are respectively
constructed by using known techniques. The digital RF data
outputted to the B-mode image arithmetic section 12 is out-
putted to the black and white data creating section 13 by being
brought into a state converted into the B-mode image data by
being sequentially subjected to the processing by each of the
aforementioned sections. The B-mode image data which is
calculated by the B-modeimage arithmetic section 12 may be
two-dimensional data or three-dimensional data.

[0032] The black and white data creating section 13 is
configured as a lookup table (hereinafter, called an LUT) for
showing correspondence of the value of the B-mode image
data and three-color data configured by Red, Green and Blue
which are stored in a RAM or a ROM. The B-mode image
data from the B-mode image arithmetic section 12 passes
through the black and white data creating section 13 of the
aforementioned configuration, and thereby, is outputted to the
image composing section 17 as the state converted into black
and white data of a predetermined gradation.

[0033] The blood flow image arithmetic section 14 has a
function of being able to create image data based on a velocity
value, or a power value of blood flow. (The blood flow in the
description of the present embodiment is used as the word
having a wide meaning including flow of an artificial reflector
injected into a blood vessel as, for example, an ultrasound
contrast medium.) More specifically, as shown in FIG. 3, the
blood flow image arithmetic section 14 has a complex signal
conversion processing section 141, an MTI filter 142, an
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autocorrelation arithmetic section 143, a spatial filter 144
configuring a part of the filter processing section, a velocity/
power arithmetic section 145, a threshold value processing
section 146 and a blood flow image coordinate conversion
processing section 147.

[0034] More specifically, the filter processing section in the
present embodiment is configured by including the spatial
filter 144 and the spatial filter 15.

[0035] The complex signal conversion processing section
141 has a configuration capable of converting the digital RF
data which is outputted from the transmission/reception cit-
cuit 11 into a complex signal, and outputting the complex
signal. More specifically, the complex signal conversion pro-
cessing section 141 is configured by including a so-called
quadrature detector which can obtain a complex signal by
performing processing of multiplying sine wave signals dif-
fering in phase by 90 degrees from each other and passing the
result through the low-pass filter for digital RF data in
sequence.

[0036] The complex signal conversion processing section
141 is not limited to the one configured by including a quadra-
ture detector, but may be configured by including a so-called
quadrature sampling device which can obtain a complex sig-
nal by performing processing of sampling by using data at a
certain time which are in the relation differing from each
other in phase by 90 degrees in a center frequency of the
digital RF data, for example, as a real number signal and an
imaginary number signal. Further, the complex signal con-
version processing section 141 is not limited to the one con-
figured by including a quadrature detector, but may include a
configuration which can obtain a complex signal from digital
RF data by performing signal processing using, for example,
a Hilbert transform filter. Further, processing for obtaining a
complex signal in the complex signal conversion processing
section 141 may be realized by using hardware such as
FPGA, or may be realized by using software (program) writ-
ten in a DSP or CPU.

[0037] Incidentally, when the ultrasound observation appa-
ratus 2 operates in the mode of displaying the velocity value
or the power value of blood flow, a sound pulse signal with a
predetermined frequency is transmitted predetermined times
(for example, eight times) along one sound ray direction
which is a detection target of the blood flow, and thereafter,
sound reflection signals of the predetermined times reflected
in the one sound ray direction are received. At this time, in the
aforementioned one sound ray direction, complex signal
groups as many as the aforementioned predetermined times
(for example, eight) are obtained in the point at the same
depth. By performing the same processing while sequentially
changing the sound ray direction to be the detection target of
blood flow, complex signal groups as many as the aforemen-
tioned predetermined times can be obtained at each point on
atwo-dimensional local plane, or in a three-dimensional local
space. The complex signal groups thus obtained are tempo-
rarily stored in a memory not illustrated provided in the
ultrasound observation apparatus 2.

[0038] The MTI filter 142 includes a digital FIR filter or an
1IR filter which is constructed by using any ofa DSP, CPU and
FPGA. When the MTT filter 142 is constructed by a DSP,
floating point arithmetic processing may be performed.
[0039] The MTI filter 142 reads one or a plurality of com-
plex signal groups which is or are acquired in a predetermined
space position on one sound ray from the aforementioned
memory not illustrated, and thereafter, performs filter pro-
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cessing for removing low-frequency components (compo-
nents with less variation) for a real number signal group and
an imaginary number signal group configuring the one or
plurality of complex signal groups. (Such filter processing
corresponds to processing for removing a component at a low
velocity from a sound reflection signal.)

[0040] The MTT filter 142 outputs as many complex signal
groups as the number of the signals at the time of input from
which the portions corresponding to transition response of the
filter are removed, which are created by combining the real
number signal groups and the imaginary number signal
groups after being subjected to the aforementioned filter pro-
cessing to the autocorrelation arithmetic section 143.

[0041] The autocorrelation arithmetic section 143 calcu-
lates the complex autocorrelation value of the complex signal
group based on the complex signal group which is outputted
from the MTT filter 142. The autocorrelation arithmetic sec-
tion 143 may calculate the aforementioned complex autocor-
relation value by hardware such as FPGA, or may calculate
the aforementioned complex autocorrelation value by using
software (program) written in a DSP or a CPU.

[0042] Here, a complex signal group Z, which is outputted
from the MTT filter 142 is defined as the following equation
(1) (where i=1 to N).

X ALY; )]

[0043] In this case, the complex autocorrelation value R is
expressed as in the following equation (2).

N-1 @

R= ZZ; XZiyl *
1

i=

[0044] In the above described equation (2), * expresses
complex conjugate.

[0045] More specifically, the autocorrelation arithmetic
section 143 calculates and outputs a complex autocorrelation
value R shown as the above described equation (2) based on
the complex signal group which is outputted from the MTI
filter 142.

[0046] The spatial filter 144 performs spatial filter process-
ing for the complex autocorrelation value R while using a
filter type, the number of filter taps and a filter coefficient
designated by the CPU 18. Further, the spatial filter 144 can
perform processing of directly outputting the inputted com-
plex autocorrelation value R without performing the afore-
mentioned spatial filter processing in accordance with the
instruction from the CPU 18.

[0047] The spatial filter 144 may be the one that performs
the aforementioned spatial filter processing by the hardware
such as FPGA, or may be the one that performs the aforemen-
tioned spatial filter processing by using software (program)
written in the DSP or CPU.

[0048] For the aforementioned spatial filter processing by
the spatial filter 144, spatial filters as in FIGS. 4 and 5 are
used, for example. More specifically, FIG. 4 shows one
example of the filter coefficient in the case of the linear
smoothing filter and the number of filter taps of 2x3. FIG. 5
shows one example of the filter coefficient in the case of the
linear smoothing filter and the number of filter taps of 2x2. At
the time of the aforementioned spatial filter processing by the
spatial filter 144, the filters including the filter types, the
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numbers of filter taps and the filter coefficients other than
those shown as examples in FIGS. 4 and 5 may be selected.
[0049] The spatial filter processing as described above is
performed in the spatial filter 144, whereby an electric noise
component which appears as a spatially random value in the
complex autocorrelation value R can be suppressed.

[0050] The velocity/power arithmetic section 145 is con-
figured by an FPGA, DSP, CPU or the like, and calculates the
velocity value or the power value of the blood flow based on
the complex autocorrelation value R outputted from the spa-
tial filter 144. More specifically, the velocity/power arith-
metic section 145 calculates the velocity value v of the blood
flow based on the complex autocorrelation value R outputted
from the spatial filter 144 and the following equation (3).

o c iRy 3)
= G ™ (%)
[0051] In the above described equation (3), ¢ represents a

sound velocity, f, represents a center frequency of the electric
pulse transmitted and received, T represents a time cycle
when transmission and reception are repeated in the same
sound ray direction, Rx represents a real number component
of the complex autocorrelation value R, and Ry represents an
imaginary number component of the complex autocorrelation
value R.

[0052] Meanwhile, the velocity/power arithmetic section
145 calculates a power value 1 of the blood flow as an absolute
value of the complex autocorrelation value R based on the
complex autocorrelation value R which is outputted from the
spatial filter 144, and the following equation (4).

=Rl ()

[0053] The threshold value processing section 146 is con-
figured by an FPGA, DSP, CPU or the like, and judges
whether or not color display ofthe velocity value or the power
value of the blood flow in one spatial position is performed on
the monitor 3. More specifically, the threshold value process-
ing section 146 detects whether or not the velocity value vand
the power value I in one spatial position, for example, satisfy
all the conditions of the following expressions (5), (6) and (7).

VsV G
JES (6)
Il )
[0054] V,, in the above described expression (5) repre-

sents a threshold value relating to the velocity value. I, in
the above described expression (6) represents a threshold
value corresponding to the power of noise included in the
received electric pulse. I -, in the above described expression
(7) represents a threshold value corresponding to the power of
the living tissue included in the received electric pulse. Fur-
ther, the optimal value in each of the threshold values can be
properly set in accordance with the transmission and recep-
tion sensitivity of the ultrasound transducer 1, the noise level
of the internal circuit of the ultrasound observation apparatus
2 and the like.

[0055] When the velocity value v and the power value I in
one spatial position satisfy all the conditions of the above
described expressions (5), (6) and (7), the threshold value
processing section 146 performs color display of the velocity
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value v or the power value I in the one spatial position.
Further, when the velocity value v and the power value I in
one spatial position do not satisfy atleast any one condition of
the above described expressions (5), (6) and (7), the threshold
value processing section 146 performs processing of substi-
tuting zero for the values so that color display of the velocity
value v or the power value I in the one spatial position is not
performed.

[0056] The blood flow image coordinate conversion pro-
cessing section 147 creates a two-dimensional or three-di-
mensional image by applying coordinate conversion process-
ing to the velocity value v or the power value 1 which is
outputted from the threshold value processing section 146.
[0057] The velocity value v or the power value I which is
outputted from the threshold value processing section 146 is
generally image data in the form of polar coordinates. Spe-
cifically, the blood flow image coordinate conversion pro-
cessing section 147 converts the image data in the polar
coordinates form which is outputted from the threshold value
processing section 146 into the image data in the orthogonal
coordinate form suitable for display in the monitor 3, by
performing the aforementioned coordinate conversion pro-
cessing.

[0058] The spatial filter 15 performs spatial filter process-
ing for the image data of the blood flow image which is
outputted from the blood flow image coordinate conversion
processing section 147 while using the filter type, the number
of filter taps and the filter coefficient designated by the CPU
18.

[0059] The data dealt in the spatial filter 15 is a scalar
quantity unlike the data dealt in the spatial filter 144. Further,
the spatial filter 15 is disposed at the post-stage of the blood
flow image coordinate conversion processing section 147
unlike the spatial filter 144 disposed at the pre-stage of the
blood flow image coordinate conversion processing section
147.

[0060] For the aforementioned spatial filter processing by
the spatial filter 15, spatial filters as in FIGS. 6 and 7, for
example, are used. More specifically, FIG. 6 shows one
example of the filter coefficient in the case of the linear
smoothing filter and the number of filter taps of 5x5. Further,
FIG. 7 shows one example of the filter coefficient in the case
of the linear smoothing filter and the number of filter taps of
3x3. At the time of the aforementioned spatial filter process-
ing by the spatial filter 15, a smoothing filter of another type
such as a median filter may be used, or the filter including the
number of filter taps and the filter coefficient other than those
shown as examples in FIGS. 6 and 7 may be selected.
[0061] The spatial filter processing as described above is
performed in the spatial filter 15, whereby the edge of the
blood flow image after being converted into the orthogonal
coordinate form is rounded, and the pixels in the blood flow
image can be smoothly connected.

[0062] The color data creating section 16 is configured as
the one in which a plurality LUTs, which correspond to a
plurality of color palettes configured by the combination of
the colors which can be expressed by using at least one color
of Red, Green and Blue, are stored in the RAM or ROM. The
color data creating section 16 selects one color palette from
the aforementioned plurality of color palettes based on the
instruction of the CPU 18, and thereafter, converts the image
data of the blood flow image which is outputted from the
spatial filter 15 into color data for display while referring to
the one color palette and outputs the color data.
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[0063] As a concrete example, the color data creating sec-
tion 16 uses the color palette shown in FIG. 8 A when mainly
assigning the velocity value of blood flow to change in hue,
and uses the color palette shown in FIG. 8B when mainly
assigning the velocity value of blood flow to change in color
saturation (color) to create color data, based on instruction of
the CPU 18. Further, the color data creating section 16 uses
the color palette shown in FIG. 9A when mainly assigning the
power value of blood flow to change in hue, and uses the color
palette shown in FIG. 9B when mainly assigning the power
value of blood flow to change in color saturation (color) to
create color data, based on instruction of the CPU 18.
[0064] Theimage composing section 17 creates image data
for display by composing the black and white data which is
outputted from the black and white data creating section 13,
and the color data outputted from the color data creating
section 16.

[0065] More specifically, the image composing section 17
creates image data for display by overwriting color data onto
black and white data in each of the positions including the
other data values than the data values with one of the velocity
value and the power value corresponding to zero, among the
color data outputted from the color data creating section 16.
[0066] Theimagecomposing section 17 may prohibit over-
writing of color data onto the black and white data when a
predetermined condition is satisfied based on the comparison
result of comparing the size relation of the color data and the
black and white data, or the comparison result of comparing
the color data and the black and white data with the individual
threshold values. Further, when the display mode of the ultra-
sound observation apparatus 2 is not set to any mode of the
velocity value and the power value of blood flow, the image
composing section 17 creates black and white data as the
image data for display without composing the black and
white data and the color data.

[0067] The monitor 3 displays the image corresponding to
the image data for display which is outputted from the image
composing section 17, for example, the image shown in FIG.
10, on the screen.

[0068] Theimage 50 for display displayed on the monitor 3
is configured by including at least an ultrasound image dis-
play section 51, a gray scale display section 52 and a color
scale display section 53 as shown in FIG. 10.

[0069] The ultrasound image display section 51 collec-
tively displays the image data for display outputted from the
image composing section 17, character information not illus-
trated and the like.

[0070] The gray scale display section 52 displays the gray
scale which is used when the B-mode image data is converted
into black and white data for monitor display by the black and
white data creating section 13.

[0071] The color scale display section 53 displays a color
palette, which is used when the velocity value or the power
value of blood flow is converted into the color data for moni-
tor display by the color data creating section 16.

[0072] The operation instructing section 4 includes a key-
board, a push-button switch, a track ball, a touch panel and the
like which can output instruction signals for giving instruc-
tions to each of the sections of the ultrasound observation
system 100 to the CPU 18.

[0073] Next, an operation of the ultrasound observation
system 100 including the ultrasound observation apparatus 2
of the present embodiment will be described.
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[0074] First, an operator selects one of the color flow mode
and the power flow mode as the display mode of the blood
flow information, and selects resolution of the blood flow
image, by operation of the operation instructing section 4.
[0075] Hereinafter, an example capable of switching two
modes that are a penetration depths preference mode and a
high resolution mode as the resolution of the blood flow
image will be mainly described. In other words, in the present
embodiment, an example which is capable of selecting the
combination of the display mode and resolution of blood flow
information from four combinations shown in FIG. 11 and
capable of switching the combination to one of the four com-
binations will be mainly described.

[0076] In the present embodiment, as the resolution of the
blood flow image, in addition to the two modes that are the
penetration depths preference mode and the high resolution
mode, a normal mode whichis anintermediate mode between
the two modes, for example, may be further provided.
[0077] The CPU 18 performs control relating to setting of
the center frequency and the number of pulse waves of the
electric pulse which is outputted to the ultrasound transducer
1 for blood flow image acquisition for the transmission/re-
ception circuit 11 on the basis of the instruction signals which
are outputted from the operation instructing section 4 in cor-
respondence with selection of the display mode of the blood
flow information and resolution of the blood flow image.
[0078] More specifically, the CPU 18 makes setting so as to
transmit the electric pulse with the center frequency of S MHz
and the number of pulse waves of three when, for example,
the combination of the color flow mode and the penetration
depths preference mode is selected, and makes setting so as to
transmit the electric pulse with the center frequency of 7.5
MHz and the number of pulse waves of two when the com-
bination of the color flow mode and the high resolution mode
is selected.

[0079] Thecenter frequency and the number of pulse waves
are switched as described above, whereby in the case of the
high resolution mode, the frequency band of the sound pulse
signal which is transmitted to the subject from the ultrasound
transducer 1 becomes wide, and shifts to the high frequency
side, and therefore, resolution to the propagating direction of
the sound pulse is improved. More specifically, when the
ultrasound observation apparatus 2 is switched to the high
resolution mode, detectability of a micro-vessel existing in
the subject is improved. Further, setting of the center fre-
quency and the number of pulse waves is made different
between the color flow mode and the power flow mode,
detectability of a micro-vessel between both the modes can be
changed.

[0080] In the ultrasound observation apparatus 2 of the
present embodiment, the resolution of the B-mode image can
be switched separately from the resolution of the blood flow
image. More specifically, the CPU 18 makes setting for the
transmission/reception circuit 11 so that the electric pulse, for
example, with the center frequency of 7.5 MHz and the num-
ber of pulses of one wave is outputted to the ultrasound
transducer 1 as the setting for B-mode image acquisition,
based on the instruction signal which is outputted from the
operation instructing section 4 in correspondence with selec-
tion of the resolution of the B-mode image.

[0081] Next, the CPU 18 performs setting of the value of f,
which is used at the time of calculation of the above described
equation (3) to the velocity/power arithmetic section 145 in
the blood flow image arithmetic section 14.
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[0082] More specifically, the CPU 18 sets f,=5 MHz when
the penetration depths preference mode is selected, and sets
f,=7.5 MHz when the high resolution mode is selected.
[0083] Thereafter, the CPU 18 gives instructions relating to
setting of the filter type, the number of filter taps and filter
coefficient corresponding to the resolution of the blood flow
image to the spatial filter 144.

[0084] More specifically, the CPU 18 gives an instruction
for using the linear smoothing filter of 2x3 including the
coefficient shown in FIG. 4 when the combination of the color
flow mode and the penetration depths preference mode is
selected, and gives an instruction for directly outputting
inputted data without performing spatial filter processing
when the combination of the color flow mode and the high
resolution mode is selected.

[0085] Further, the CPU 18 gives an instruction for using
the linear smoothing filter of 2x2 including the coefficient
shown in FIG. 5 when the combination of the power flow
mode and the penetration depths preference mode is selected,
and gives an instruction for directly outputting the inputted
data without performing spatial filter processing when the
combination of the power flow mode and the high resolution
mode is selected.

[0086] Switching of the filter as described above is per-
formed in the spatial filter 144, whereby noise included in the
received electric pulse can be reduced in the case of the
penetration depths preference mode. Further, switching of the
spatial filter as described above is performed in the spatial
filter 144, whereby in the case of the high resolution mode,
deterioration of the spatial resolution does not occur, and as a
result, detectability of a micro-vessel existing in the subject
can be improved.

[0087] Meanwhile, the CPU 18 gives an instruction relating
to setting of the filter type, the number of filter taps and filter
coefficient corresponding to the resolution of the blood flow
image to the spatial filter 15.

[0088] More specifically, the CPU 18 gives an instruction
for using the linear smoothing filter of 5x5 including the
coefficient shown in FIG. 6 when the combination of the color
flow mode and the penetration depths preference mode is
selected, and gives an instruction for using the median filter of
3x3 when the combination of the color flow mode and the
high resolution mode is selected.

[0089] Further, the CPU 18 gives an instruction for using
the linear smoothing filter of 3x3 including the coefficient
shown in FIG. 7 when the combination of the power flow
mode and the penetration depths preference mode is selected,
and gives an instruction for using a median filter of 3x3 when
the combination of the power flow mode and the high reso-
lution mode is selected.

[0090] Subsequently, switching of the filter as described
aboveis performed in the spatial filter 15, whereby, in the case
of the high resolution mode, the edge of the blood flow image
which isdisplayed on the screen of the monitor 3 hardly blurs,
and visualization of a micro-vessel is improved. Therefore,
the divergence state of a micro-vessel can be faithfully
expressed.

[0091] The CPU 18 gives an instruction relating to switch-
ing of the color palette corresponding to the resolution of a
blood flow image to the color data creating section 16.
[0092] More specifically, the CPU 18 gives an instruction
for using the color palette of FIG. 8 A when the combination
of the color flow mode and the penetration depths preference
mode is selected, and gives an instruction for using the color
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palette of FIG. 8B when the combination of the color flow
mode and the high resolution mode is selected.

[0093] Further, the CPU 18 gives an instruction for using
the color palette of FIG. 9A when the combination of the
power flow mode and the penetration depths preference mode
is selected, and gives an instruction for using the color palette
of FIG. 9B when the combination of the power flow mode and
the high resolution mode is selected. In the present embodi-
ment, the display state of the color scale display section 53 is
changed by being linked with the instruction for switching the
color palette by the CPU 18.

[0094] Switching of the color palette as described above is
performed in the color data creating section 16, whereby
visualization of a micro-vessel in the case of the high resolu-
tion mode can be improved. Further, in the present embodi-
ment, the display state of the color scale display section 53 is
switched by being linked with selection of the resolution, and
therefore, an operator can easily recognize setting of the
resolution which is selected at present.

[0095] As described above, according to the ultrasound
observation apparatus 2 according to the present embodi-
ment, the elements of the frequency band of the transmission
pulse, the processing content in each of the two spatial filters,
and the coloring state of the color data are switched respec-
tively by being linked to the switching operation of the reso-
lution of the blood flow image. As a result, according to the
ultrasound observation apparatus 2 according to the present
embodiment, detectability and visualization of micro-vessels
can be improved by the simple operation as compared with
the conventional apparatuses.

[0096] The present invention is not limited to the above
described each embodiment, and it goes without saying that
various modifications and applications can be made within
the range without departing from the spirit of the invention.

What is claimed is:

1. An ultrasound observation apparatus capable of creating
ablood flow image of a subject by receiving a reflection signal
of a sound output signal transmitted to the subject as an
electric signal, and performing various kinds of signal pro-
cessing for the electric signal, comprising:

a transmission frequency switching section switching a
frequency band of the sound output signal which is
transmitted to the subject to a frequency band corre-
sponding to an instruction signal which is outputted
from an operation instructing section; and

a blood flow color creating section changing a color at a
time of visualizing the blood flow image by linking with
switching of the frequency band by the transmission
frequency switching section.

2. The ultrasound observation apparatus according to claim

1, wherein the blood flow color creating section changes one
of hue and color saturation at a time of visualizing the blood
flow image by linking with switching of the frequency band
by the transmission frequency switching section.

3. An ultrasound observation apparatus capable of creating
ablood flow image of a subject by receiving a reflection signal
of a sound output signal transmitted to the subject as an
electric signal, and performing various kinds of signal pro-
cessing for the electric signal, comprising:

a transmission frequency switching section switching a
frequency band of the sound output signal which is
transmitted to the subject to a frequency band corre-
sponding to an instruction signal which is outputted
from an operation instructing section; and
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a filter processing section performing spatial filter process- switching of the frequency band by the transmission
ing at a time of creation of the blood flow image, and frequency switching section; and
changing a processing content of the spatial filter pro- afilter processing section performing spatial filter process-
cessing by linking with switching of the frequency band ing at a time of creation of the blood flow image, and
by the transmission {requency switching section. changing a processing content of the spatial filter pro-
4. The ultrasound observation apparatus according to claim cessing by linking with switching of the frequency band
3, by the transmission frequency switching section.

wherein the filter processing section has a first spatial filter
provided at a pre-stage side of a coordinate conversion 6,
processing section which converts a coordinate form of
the blood flow image into orthogonal coordinates from
polar coordinates, a second spatial filter provided at a
post-stage side of the coordinate conversion processing
section and including a function different from that of
the first spatial filter, and changes a processing content in
the first spatial filter or the second spatial filter by linking

7. The ultrasound observation apparatus according to claim

wherein the blood flow color creating section changes one
of hue and color saturation at a time of visualizing the
blood flow image by linking with switching of the fre-
quency band by the transmission frequency switching
section.

8. The ultrasound observation apparatus according to claim

with switching of the frequency band by the transmis- 6, ) . . .
sion frequency switching section. wherelr} the filter processing section hasa ﬁrst spatial ﬁl.ter
5. The ultrasound observation apparatus according to claim provided at a pre-stage side of a coordinate conversion
3, processing section which converts a coordinate form of
wherein the filter processing section has a first spatial filter the blood flow image into orthogonal coordinates from
provided at a pre-stage side of a coordinate conversion polar coord%nates, a SGCOHQ spatial ﬁlter. provided ata
processing section which converts a coordinate form of post-stage 51§1e ofthe coordlne}te CONVers10n processing
the blood flow image into orthogonal coordinates from section and including a function different from that of
polar coordinates, a second spatial filter provided at a the first spat@al filter, and changes aprqcessing content in
post-stage side of the coordinate conversion processing the first spatial filter or the second spatial filter by linking
section and including a function different from that of with switching of the frequency band by the transmis-
the first spatial filter, and changes processing contents in sion frequency switching section.
the first spatial filter and the second spatial filter by 9. The ultrasound observation apparatus according to claim
linking with switching of the frequency band by the 6,
transmission frequency switching section. wherein the filter processing section has a first spatial filter
6. An ultrasound observation apparatus capable of creating provided at a pre-stage side of a coordinate conversion
ablood flow image of a subject by receiving a reflection signal processing section which converts a coordinate form of
of a sound output signal transmitted to the subject as an the blood flow image into orthogonal coordinates from
electric signal, and performing various kinds of signal pro- polar coordinates, a second spatial filter provided at a
cessing for the electric signal, comprising: post-stage side of the coordinate conversion processing
a transmission frequency switching section switching a section and including a function different from that of
frequency band of the sound output signal which is the first spatial filter, and changes processing contents in
transmitted to the subject to a frequency band corre- the first spatial filter and the second spatial filter by
sponding to an instruction signal which is outputted linking with switching of the frequency band by the
from an operation instructing section; transmission frequency switching section.

a blood flow color creating section changing a color at a
time of visualizing the blood flow image by linking with ok ook %
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