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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultrasound
observation apparatus, and particularly relates to an ul-
trasound observation apparatus capable of creating a
blood flow image of a subject.

2. Description of the Related Art

[0002] An ultrasound observation apparatus has been
conventionally used widely, which can obtain a tomo-
graphic image of a living body, and a blood flow image
of an inside of a region of interest of the tomographic
image by transmitting ultrasound into the living body as
a subject and receiving reflection wave which is the ul-
trasound reflected in a biological 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 operator 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. Patent No.
6,419,632.

[0003] U.S. Patent No. 6,419,632 discloses a config-
uration for making it possible to acquire a blood flow im-
age of a microvessel existing in the subject by transmit-
ting an ultrasound pulse having a wide-band frequency
characteristic and performing predetermined signal
processing for an echo signal which is the ultrasound
pulsereflected in the subject, in the ultrasound diagnostic
apparatus.

[0004] However, in the ultrasound diagnostic appara-
tus of U.S. Patent No. 6,419,632, blurring sometimes oc-
curs in the blood flow image which is actually visualized
by signal processing which is performed (for an echo
signal) when the acquired blood flow image of a micro-
vessel is visualized. As a result, according to the ultra-
sound diagnostic apparatus of U.S. Patent No.
6,419,632, there arises a problem that it is difficult to de-
termine the divergence state of micro-vessels in the vis-
ualized blood flow image.

[0005] Meanwhile, as a method for enhancing visual-
ization in accordance with the blood flow velocity in a
micro-vessel, and the structure of the micro-vessel, a
method for adjusting the display color of the blood flow
image to an optimal color, for example, is conceivable.
However, when such adjustment of a display color is
manually performed, there arises the necessity of per-
forming adjustment so that the display color conforms to
the frequency characteristic of the ultrasound pulse
which is transmitted to the subject, and therefore, exces-
sive burden is imposed to an operator as a result.
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[0006] U.S. Patent No. 5,081,996, which represents
the closest prior art document for the present invention,
observes that if the driving frequencies of an ultrasonic
observation device differ for shallow and deep regions
of a subject, which is necessary because penetration
depth is frequency dependent, different output grada-
tions, which represent a blood flow velocity value, will
result even if the shallow and deep regions are equal in
blood flow velocity. U.S. Patent No. 5,081,996 solves this
problem by compensation for this difference inits Doppler
shift equations so that the homogeneous diagnostic im-
age is obtained in relation to the lower frequency shallow
region having the same velocity values.

[0007] U.S. Patent No. 6,287,258 generally discloses
the amount of spatial averaging of an image obtained by
a ultrasonic observation device may vary with scan
depth, frequency, angle, or other scanning parameters
of the device. In particular, U.S. Patent No. 6,287,258
teaches to suppress a flash image by averaging spatial
averaging flash images with non-flash images.

[0008] The present invention is made in view of the
aforementioned circumstances, and has an object to pro-
vide an ultrasound observation apparatus which can im-
prove detectability and visualization of a micro-vessel as
compared with the conventional apparatuses.

SUMMARY OF THE INVENTION

[0009] An ultrasound observation apparatus in the
presentinvention is an ultrasound observation apparatus
according to claim 1 and according to claim 3.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

Fig. 1 is a diagram showing one example of a con-
figuration of an essential part of an ultrasound ob-
servation system including an ultrasound observa-
tion apparatus according to an embodiment of the
present invention;

Fig. 2 is a block diagram showing one example of a
detailed configuration of a B-mode image arithmetic
section included by the ultrasound observation ap-
paratus of Fig. 1;

Fig. 3 is a block diagram showing one example of a
detailed configuration of a blood flow image arithme-
tic section included by the ultrasound observation
apparatus of Fig. 1;

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;
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 im-
age 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
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a post-stage of the blood flow image arithmetic sec-
tion 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 flow image arithmetic section of Fig. 1;
Fig. 8Ais 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
different from Fig. 8A, of the color palette included
by the color data creating section of Fig. 1;

Fig. 9Ais 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
differentfrom 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 im-
age which is outputted to a monitor from the ultra-
sound observation apparatus of Fig. 1; and

Fig. 11 is a diagram for explaining transition among
display modes of a blood flow image.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
[0012] Figs. 1 to 11 relate to the embodiment of the
present invention. Fig. 1 is a diagram showing one ex-
ample of a configuration of an essential part of an ultra-
sound observation system including an ultrasound ob-
servation apparatus according to the embodiment of the
present invention. Fig. 2 is 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. Fig. 3 is a block diagram showing
one example of a detailed configuration of a blood flow
image arithmetic section included by the ultrasound ob-
servation apparatus of Fig. 1. Fig. 4 is a diagram showing
one example of afilter coefficient which is set in a spatial
filter included by the blood flow image arithmetic section
of Fig. 3. Fig. 5is 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 arith-
metic 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 arith-
metic section of Fig. 1. Fig. 7 is a diagram showing an
example, which is different from Fig. 6, of the filter coef-
ficient which is set in the spatial filter provided at the post-
stage of the blood image arithmetic section of Fig. 1.

[0013] 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 different from Fig. 8A, of the color palette included by
the color data creating section of Fig. 1. Fig. 9A is a di-
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agram 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 ex-
ample of an image which is outputted to a monitor from
the ultrasound observation apparatus of Fig. 1. Fig. 11
is a diagram for explaining transition among display
modes of a blood flow image.

[0014] An ultrasound observation system 100 has an
essential part configured by having an ultrasound trans-
ducer 1, an ultrasound observation apparatus 2 which
performs processing 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 ap-
paratus 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.

[0015] The ultrasound transducer 1 configured by a
plurality 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 generates 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 signal into an
electric pulse signal to output the electric pulse signal to
the ultrasound observation apparatus 2.

[0016] The ultrasound transducer 1 of the present em-
bodiment may be configured by the other elements than
a plurality of array transducers. (In this case, a transmis-
sion/reception circuit 11 which will be described later has
the configuration which does not include a beam forming
circuit.)

[0017] The ultrasound observation apparatus 2 has a
transmission/reception circuit 11 including a function as
a transmission frequency switching section, a B-mode
image arithmetic section 12, a black and white data cre-
ating 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 in-
cluding a function as a blood flow color creating section,
animage composing section 17 connected to the monitor
3, and a CPU 18 connected to the operation instructing
section 4, as shown in Fig. 1.

[0018] The transmission/reception circuit 11 is config-
ured by including a preamplifier, an A/D conversion cir-
cuit, and a beam forming circuit. The transmission/recep-
tion circuit 11 creates an electric pulse with a center fre-
quency 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 transmis-



5 EP 2116 187 B1 6

sion/reception circuit 11 creates digital RF data by per-
forming amplification and A/D conversion processing for
the electric pulse signal from the ultrasound transducer
1, and thereby, creates digital RF data. The transmis-
sion/reception circuit 11 outputs the created digital RF
data for B-mode image creation to the B-mode image
arithmetic section 12, and outputs the one for blood im-
age creation to the blood flow image arithmetic section
14 out of the generated digital RF data.

[0019] The B-mode image arithmetic section 12 has a
band-pass filter 121, a Log compression processing sec-
tion 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 tech-
niques. The digital RF data outputted to the B-mode im-
age arithmetic section 12 is outputted 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-mode image arithmetic section 12
may be two-dimensional data or three-dimensional data.
[0020] 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 arith-
metic 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.

[0021] 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 specif-
ically, 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 autocorrelation arith-
metic section 143, a spatial filter 144 configuring a part
of the filter processing section, a velocity/power arithme-
tic section 145, a threshold value processing section 146
and a blood flow image coordinate conversion process-
ing section 147.

[0022] More specifically, the filter processing section
in the present embodiment is configured by including the
spatial filter 144 and the spatial filter 15.

[0023] The complexsignal conversion processing sec-
tion 141 has a configuration capable of converting the
digital RF data which is outputted from the transmis-
sion/reception circuit 11 into a complex signal, and out-
putting the complex signal. More specifically, the com-
plex signal conversion processing section 141 is config-
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ured by including a so-called quadrature detector which
can obtain a complex signal by performing processing of
multiplying sine wave signals differing in phase by 90
degrees from each other and passing the result through
the low-pass filter for digital RF data in sequence.
[0024] The complexsignal conversion processing sec-
tion 141 is not limited to the one configured by including
a quadrature detector, but may be configured by includ-
ing a so-called quadrature sampling device which can
obtain a complex signal 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 conversion processing sec-
tion 141 is not limited to the one configured 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 hard-
ware suchas FPGA, or may berealized by using software
(program) written in a DSP or CPU.

[0025] Incidentally, when the ultrasound observation
apparatus 2 operates in the mode of displaying the ve-
locity value or the power value of blood flow, a sound
pulse signal with a predetermined frequency is transmit-
ted 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 di-
rection are received. At this time, in the aforementioned
one sound ray direction, complex signal groups as many
as the aforementioned predetermined times (for exam-
ple, 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 tar-
get of blood flow, complex signal groups as many as the
aforementioned predetermined times can be obtained at
each pointon atwo-dimensional local plane, orin a three-
dimensional local space. The complex signal groups thus
obtained are temporarily stored in a memory not illustrat-
ed provided in the ultrasound observation apparatus 2.
[0026] The MTI filter 142 includes a digital FIR filter or
an IR filter which is constructed by using any of a DSP,
CPU and FPGA. When the MTI filter 142 is constructed
by a DSP, floating point arithmetic processing may be
performed.

[0027] The MTI filter 142 reads one or a plurality of
complex signal groups which is or are acquired in a pre-
determined space position on one sound ray from the
aforementioned memory not illustrated, and thereafter,
performs filter processing for removing low-frequency
components (components 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 process-
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ing for removing a component at a low velocity from a
sound reflection signal.)

[0028] The MTIfilter 142 outputs as many complex sig-
nal 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 imag-
inary number signal groups after being subjected to the
aforementioned filter processing to the autocorrelation
arithmetic section 143.

[0029] The autocorrelation arithmetic section 143 cal-
culates the complex autocorrelation value of the complex
signal group based on the complex signal group which
is outputted from the MTI filter 142. The autocorrelation
arithmetic section 143 may calculate the aforementioned
complex autocorrelation value by hardware such as FP-
GA, or may calculate the aforementioned complex auto-
correlation value by using software (program) written in
a DSP or a CPU.

[0030] Here, a complex signal group Z; which is out-
putted from the MTI filter 142 is defined as the following
equation (1) (where i=1 to N).

Zi=x1+jyl « -0 (1)

[0031] In this case, the complex autocorrelation value
R is expressed as in the following equation (2).

(2)

N-1
= . S IR
R g{zlle_*_l

[0032] In the above described equation (2), * express-
es complex conjugate.

[0033] More specifically, the autocorrelation arithmetic
section 143 calculates and outputs a complex autocor-
relation value R shown as the above described equation
(2) based on the complex signal group which is outputted
from the MTI filter 142.

[0034] The spatial filter 144 performs spatial filter
processing 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 complex autocorrelation value R without per-
forming the aforementioned spatial filter processing in
accordance with the instruction from the CPU 18.
[0035] The spatial filter 144 may be the one that per-
forms the aforementioned spatial filter processing by the
hardware such as FPGA, or may be the one that performs
the aforementioned spatial filter processing by using soft-
ware (program) written in the DSP or CPU.

[0036] Forthe aforementioned spatial filter processing
by the spatial filter 144, spatial filters as in Figs. 4 and 5
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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 2
X 3. Fig. 5 shows one example of the filter coefficient in
the case of the linear smoothing filter and the number of
filter taps of 2 X 2. At the time of the aforementioned
spatial filter processing by the spatial filter 144, the filters
including the filter types, the numbers of filter taps and
the filter coefficients other than those shown as examples
in Figs. 4 and 5 may be selected.

[0037] The spatialfilter 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 sup-
pressed.

[0038] The velocity/power arithmetic section 145 is
configured by an FPGA, DSP, CPU or the like, and cal-
culates the velocity value or the power value of the blood
flow based on the complex autocorrelation value R out-
putted from the spatial filter 144. More specifically, the
velocity/power arithmetic section 145 calculates the ve-
locity value v of the blood flow based on the complex
autocorrelation value R outputted from the spatial filter
144 and the following equation (3).

v=_€_tan-l(&) e (3
anf,T Rx

[0039] In the above described equation (3), ¢ repre-
sents a sound velocity, f, represents a center frequency
of the electric pulse transmitted and received, T repre-
sents a time cycle when transmission and reception are
repeated in the same sound ray direction, Rx represents
areal number component of the complex autocorrelation
value R, and Ry represents an imaginary number com-
ponent of the complex autocorrelation value R.

[0040] Meanwhile, the velocity/power arithmetic sec-
tion 145 calculates a power value | 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).

I=|R - -+ (4)

[0041] The threshold value processing section 146 is
configured by an FPGA, DSP, CPU or thelike, and judges
whether or not color display of the velocity value or the
power value of the blood flow in one spatial position is
performed on the monitor 3. More specifically, the thresh-
old value processing section 146 detects whether or not
the velocity value v and the power value | in one spatial
position, for example, satisfy all the conditions of the fol-
lowing expressions (5), (6) and (7).
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lv|>VTH « o« (5)

(6)

I>I1,, - --

I<Il,, -+ (7)

[0042] V.4 inthe above described expression (5) rep-
resents a threshold value relating to the velocity value.
ItH4 in the above described expression (6) represents a
threshold value corresponding to the power of noise in-
cluded 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. Further, the optimal value
in each of the threshold values can be properly set in
accordance with the transmission and reception sensi-
tivity of the ultrasound transducer 1, the noise level of
the internal circuit of the ultrasound observation appara-
tus 2 and the like.

[0043] When the velocity value v and the power value
| in one spatial position satisfy all the conditions of the
above described expressions (5), (6) and (7), the thresh-
old value processing section 146 performs color display
of the velocity value v or the power value | in the one
spatial position. Further, when the velocity value v and
the power value | in one spatial position do not satisfy at
least any one condition of the above described expres-
sions (5), (6) and (7), the threshold value processing sec-
tion 146 performs processing of substituting zero for the
values so that color display of the velocity value v or the
power value | in the one spatial position is not performed.
[0044] The blood flow image coordinate conversion
processing section 147 creates a two-dimensional or
three-dimensional image by applying coordinate conver-
sion processing to the velocity value v or the power value
| which is outputted from the threshold value processing
section 146.

[0045] The velocity value v or the power value | which
is outputted from the threshold value processing section
146 is generally image data in the form of polar coordi-
nates. Specifically, the blood flow image coordinate con-
version processing section 147 converts the image data
in the polar coordinates form which is outputted from the
threshold value processing section 146 into the image
datain the orthogonal coordinate form suitable for display
in the monitor 3, by performing the aforementioned co-
ordinate conversion processing.

[0046] The spatial filter 15 performs spatial filter
processing for the image data of the blood flow image
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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.

[0047] The data dealt in the spatial filter 15 is a scalar
quantity unlike the data dealt in the spatial filter 144. Fur-
ther, 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.

[0048] Forthe 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 5
X 5. Further, Fig. 7 shows one example of the filter co-
efficient in the case of the linear smoothing filter and the
number of filter taps of 3 X 3. At the time of the afore-
mentioned spatial filter processing 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.

[0049] The spatialfilter processing as described above
is performed in the spatial filter 15, whereby the edge of
the blood flow image after being converted into the or-
thogonal coordinate form is rounded, and the pixels in
the blood flow image can be smoothly connected.
[0050] 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 combi-
nation 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 pal-
ette and outputs the color data.

[0051] As a concrete example, the color data creating
section 16 uses the color palette shown in Fig. 8A 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.

[0052] Theimage composingsection 17 createsimage
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



11 EP 2116 187 B1 12

data creating section 16.

[0053] 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 correspond-
ing to zero, among the color data outputted from the color
data creating section 16.

[0054] The image composing section 17 may prohibit
overwriting 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 compar-
ison result of comparing the color data and the black and
white data with the individual threshold values. Further,
when the display mode of the ultrasound observation ap-
paratus 2 is not set to any mode of the velocity value and
the power value of blood flow, the image composing sec-
tion 17 creates black and white data as the image data
for display without composing the black and white data
and the color data.

[0055] The monitor 3 displays the image correspond-
ing 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.

[0056] Theimage 50 for display displayed on the mon-
itor 3 is configured by including at least an ultrasound
image display section 51, a gray scale display section 52
and a color scale display section 53 as shown in Fig. 10.
[0057] The ultrasound image display section 51 collec-
tively displays the image data for display outputted from
the image composing section 17, character information
not illustrated and the like.

[0058] 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.

[0059] 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 monitor display by the color data creating section
16.

[0060] The operation instructing section 4 includes a
keyboard, a push-button switch, a track ball, a touch pan-
el and the like which can output instruction signals for
giving instructions to each of the sections of the ultra-
sound observation system 100 to the CPU 18.

[0061] Next, an operation of the ultrasound observa-
tion system 100 including the ultrasound observation ap-
paratus 2 of the present embodiment will be described.
[0062] 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 instruct-
ing section 4.

[0063] 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
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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 res-
olution of blood flow information from four combinations
shown in Fig. 11 and capable of switching the combina-
tion to one of the four combinations will be mainly de-
scribed.

[0064] 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 which is an intermediate
mode between the two modes, for example, may be fur-
ther provided.

[0065] 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/reception circuit 11 on the basis of the in-
struction signals which are outputted from the operation
instructing section 4 in correspondence with selection of
the display mode of the blood flow information and res-
olution of the blood flow image.

[0066] More specifically, the CPU 18 makes setting so
as to transmit the electric pulse with the center frequency
of 5 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 combination of the color flow
mode and the high resolution mode is selected.

[0067] The center 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 im-
proved. More specifically, when the ultrasound observa-
tion 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 frequency and
the number of pulse waves is made different between
the color flow mode and the power flow mode, detecta-
bility of a micro-vessel between both the modes can be
changed.

[0068] Inthe 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 number 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 selection of the reso-
lution of the B-mode image.
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[0069] Next, the CPU 18 performs setting of the value
of fo 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.
[0070] More specifically, the CPU 18 sets fy = 5 MHz
when the penetration depths preference mode is select-
ed, and sets f; = 7.5 MHz when the high resolution mode
is selected.

[0071] Thereafter, the CPU 18 gives instructions relat-
ing 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.

[0072] More specifically, the CPU 18 gives an instruc-
tion for using the linear smoothing filter of 2 X 3 including
the coefficient shown in Fig. 4 when the combination of
the color flow mode and the penetration depths prefer-
ence mode is selected, and gives an instruction for di-
rectly outputting inputted data without performing spatial
filter processing when the combination of the color flow
mode and the high resolution mode is selected.

[0073] Further, the CPU 18 gives an instruction for us-
ing the linear smoothing filter of 2 X 2 including the co-
efficient 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.

[0074] 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 per-
formed in the spatial filter 144, whereby in the case of
the high resolution mode, deterioration of the spatial res-
olution does not occur, and as a result, detectability of a
micro- vessel existing in the subject can be improved.
[0075] Meanwhile, the CPU 18 gives an instruction re-
lating 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.

[0076] More specifically, the CPU 18 gives an instruc-
tion for using the linear smoothing filter of 5 X 5 including
the coefficient shown in Fig. 6 when the combination of
the color flow mode and the penetration depths prefer-
ence mode is selected, and gives an instruction for using
the median filter of 3 X 3 when the combination of the
color flow mode and the high resolution mode is selected.
[0077] Further, the CPU 18 gives an instruction for us-
ing the linear smoothing filter of 3 X 3 including the co-
efficient 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 3 X 3 when the combination of the power
flow mode and the high resolution mode is selected.
[0078] Subsequently, switching of the filter as de-
scribed above is performed in the spatial filter 15, where-
by, in the case of the high resolution mode, the edge of
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the blood flow image which is displayed 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.

[0079] The CPU 18 gives an instruction relating to
switching of the color palette corresponding to the reso-
lution of a blood flow image to the color data creating
section 16.

[0080] More specifically, the CPU 18 gives an instruc-
tion for using the color palette of Fig. 8A when the com-
bination of the color flow mode and the penetration
depths preference mode is selected, and gives an in-
struction for using the color palette of Fig. 8B when the
combination of the color flow mode and the high resolu-
tion mode is selected.

[0081] Further, the CPU 18 gives an instruction for us-
ing the color palette of Fig. 9A when the combination of
the power flow mode and the penetration depths prefer-
ence 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 select-
ed. In the present embodiment, 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.

[0082] 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 resolution mode can be improved. Further, in the
present embodiment, the display state of the color scale
display section 53 is switched by being linked with selec-
tion of the resolution, and therefore, an operator can eas-
ily recognize setting of the resolution which is selected
at present.

[0083] As described above, according to the ultra-
sound observation apparatus 2 according to the present
embodiment, the elements of the frequency band of the
transmission pulse, the processing contentin each of the
two spatial filters, and the coloring state of the color data
are switched respectively by being linked to the switching
operation of the resolution 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 ap-
paratuses.

Claims

1. Anultrasound observation apparatus (2) capable of
creating a blood flow image of a subject by receiving
a reflection signal of a sound output signal transmit-
ted to the subject as an electric signal, and perform-
ing various kinds of signal processing for the electric
signal, characterized in that the ultrasound obser-
vation apparatus (2) further comprises:
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atransmission frequency switching section (11)
switching a frequency band of the sound output
signal which is transmitted to the subject to a
frequency band corresponding to a combination
of a display mode and a resolution of the blood
flow image selected by an operation instructing
section, wherein the display mode includes a
color flow mode that displays the blood flow im-
age based on a value of a blood flow velocity
and a power flow mode that displays the blood
flow image based on a value of a blood flow in-
tensity; and

a blood flow color creating section (16) selecting
one color palette from a plurality of color palettes
by linking with switching of the frequency band
by the transmission frequency switching section
(11) and changing a color at a time of visualizing
from the blood flow image by using the selected
one palette.

The ultrasound observation apparatus (2) according
to claim 1, wherein the blood flow color creating sec-
tion (16) changes one of hue and color saturation at
a time of visualizing the blood flow image by using
the one color palette selected by linking with switch-
ing of the frequency band by the transmission fre-
quency switching section (11).

An ultrasound observation apparatus (2) capable of
creating a blood flow image of a subject by receiving
a reflection signal of a sound output signal transmit-
ted to the subject as an electric signal, and perform-
ing various kinds of signal processing for the electric
signal, characterized in that the ultrasound obser-
vation apparatus (2) further comprises:

atransmission frequency switching section (11)
switching a frequency band of the sound output
signal which is transmitted to the subject to a
frequency band corresponding to a combination
of a display mode and a resolution of the blood
flow image selected by an operation instructing
section, wherein the display mode includes a
color flow mode that displays the blood flow im-
age based on a value of a blood flow velocity
and a power flow mode that displays the blood
flow image based on a value of a blood flow in-
tensity;

a first spatial filter (144) performing a first filter
processing for suppressing a noise component
contained in the electric signal by linking chang-
ing a processing content of the first spatial filter
(144) with switching of the frequency band by
the transmission frequency switching section
(11), the first spatial filter (144) provided at a pre-
stage side of a coordinate conversion process-
ing section (147), which converts a coordinate
form of the blood flow image from polar coordi-
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nates into orthogonal coordinates; and

a second spatial filter (15) provided at a post-
stage side of the coordinate conversion
processing section (147), the second spatial fil-
ter (15) performing a second filter processing for
rounding an edge of the blood flow image by
linking changing of a processing content of the
second spatial filter (15) with a switching of the
frequency band by the transmission frequency
switching section (11).

The ultrasound observation apparatus (2) according
to claim 3, wherein in either one of a processing con-
tent of the first filter processing and a processing
content of the second filter processing, at least one
of a filter type, the number of filter taps, and a filter
coefficient used in each of the filter processing is
changed by linking changing of the processing con-
tent of the firstor second filter processing with switch-
ing of the frequency band by the transmission fre-
quency switching section (11).

The ultrasound observation apparatus (2) according
to claim 3, wherein in both of a processing content
of the first filter processing and a processing content
of the second filter processing, at least one of a filter
type, the number of filter taps, and a filter coefficient
used in each of the filter processing is changed by
linking changing of the processing content of the first
and second filter processing with switching of the
frequency band by the transmission frequency
switching section (11).

The ultrasound observation apparatus (2) according
to claim 1 further comprising:

a first spatial filter (144) performing a first filter
processing for suppressing a noise component
contained in the electric signal by linking chang-
ing of a processing content of the first spatial
filter (144) with switching of the frequency band
by the transmission frequency switching section
(11), thefirst spatial filter (144) provided ata pre-
stage side of a coordinate conversion process-
ing section (147), which converts a coordinate
form of the blood flow image from polar coordi-
nates into orthogonal coordinates; and

a second spatial filter (15) provided at a post-
stage side of the coordinate conversion
processing section (147), the second spatial fil-
ter (15) performing a second filter processing for
rounding an edge of the blood flow image by
linking changing of a processing content of the
second spatial filter (15) with a switching of the
frequency band by the transmission frequency
switching section (11).

7. The ultrasound observation apparatus (2) according
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to claim 6,wherein the blood flow color creating sec-
tion (16) changes one of hue and color saturation at
a time of visualizing the blood flow image by using
the one color palette selected by linking with switch-
ing of the frequency band by the transmission fre-
quency switching section (11).

The ultrasound observation apparatus (2) according
to claim 6 or 7, wherein in either one of a processing
content of the first filter processing and a processing
content of the second filter processing, at least one
of a filter type, the number of filter taps, and a filter
coefficient used in each of the filter processing is
changed by linking changing of the processing con-
tent of the first or secondfilter processing with switch-
ing of the frequency band by the transmission fre-
quency switching section (11).

The ultrasound observation apparatus (2) according
to claim 6 or 7, wherein in both of a processing con-
tent of the first filter processing and a processing
content of the second filter processing, at least one
of a filter type, the number of filter taps, and a filter
coefficient used in each of the filter processing is
changed by linking changing of the processing con-
tent of the first and second filter processing with
switching of the frequency band by the transmission
frequency switching section (11).

Patentanspriiche

1.

Ultraschall-Beobachtungsvorrichtung (2), die durch
Empfangen eines Reflexionssignals eines als ein
elektrisches Signal auf den Patienten Gbertragenen
Schallausgangssignals ein Blutstrdmungsbild eines
Patienten zu erstellen und verschiedene Arten von
Signalverarbeitung fiir das elektrische Signal auszu-
fihren vermag, dadurch gekennzeichnet, dass die
Ultraschall-Beobachtungsvorrichtung (2) ferner auf-
weist:

eine Ubertragungsfrequenzwechseleinheit
(11), die ein Frequenzband des auf den Patien-
ten Ubertragenen Schallausgabesignals in ein
Frequenzband wechselt, das einer Kombination
eines Anzeigemodus und einer Aufldsung des
von einer Betriebsanweisungseinheit ausge-
wahlten Blutstrémungsbildes entspricht, wobei
der Anzeigemodus einen Farb-Strdmungsmo-
dus, der das Blutstrdomungsbild auf der Grund-
lage eines Werts einer Blutstrémungsgeschwin-
digkeit anzeigt, und einen Energie-Strémungs-
modus, der das Blutstrémungsbild auf Grundla-
ge eines Wertes einer Blutstromungsintensitat
anzeigt, aufweist; und

eine  Blutstrdmungsfarbenerstellungseinheit
(16), die durch Verknipfen mit dem Wechsel
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des Frequenzbands durch die Ubertragungsfre-
quenzwechseleinheit (11) aus einer Mehrzahl
von Farbpaletten eine Farbpalette auswahltund
unter Verwendung der ausgewabhlten Palette zu
einem Zeitpunkt der Visualisierung des Blutstro-
mungsbildes eine Farbe &ndert.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 1, wobei die Blutstrémungsfarbenerstel-
lungseinheit (16) unter Verwendung der einen durch
Verknipfen mit dem Wechsel des Frequenzbands
durch die Ubertragungsfrequenzwechseleinheit (11)
ausgewahlten Farbpalette zu einem Zeitpunkt der
Visualisierung des Blutstromungsbildes den Farbton
oder die Farbsattigung andert.

Ultraschall-Beobachtungsvorrichtung (2), die durch
Empfangen eines Reflexionssignals eines als ein
elektrisches Signal auf den Patienten lbertragenen
Schallausgangssignals ein Blutstromungsbild eines
Patienten zu erstellen und verschiedene Arten von
Signalverarbeitung fir das elektrische Signal auszu-
fuhrenvermag, dadurch gekennzeichnet, dass die
Ultraschall-Beobachtungsvorrichtung (2) ferner auf-
weist:

eine Ubertragungsfrequenzwechseleinheit
(11), die ein Frequenzband des auf den Patien-
ten Ubertragenen Schallausgabesignals in ein
Frequenzband wechselt, das einer Kombination
eines Anzeigemodus und einer Aufldsung des
von einer Betriebsanweisungseinheit ausge-
wahlten Blutstrdmungsbildes entspricht, wobei
der Anzeigemodus einen Farb-Strémungsmo-
dus, der das Blutstromungsbild auf der Grund-
lage eines Werts einer Blutstrdmungsgeschwin-
digkeit anzeigt, und einen Energie-Strémungs-
modus, der das Blutstrémungsbild auf Grundla-
ge eines Wertes einer Blutstromungsintensitat
anzeigt, aufweist; und

ein erstes Raumfilter (144), das eine erste Fil-
terverarbeitung zum Unterdrlicken einer in dem
elektrischen Signal enthaltenen Rauschkompo-
nente durch Verkniipfen der Anderung eines
Verarbeitungsinhaltes des ersten Raumfilters
(144) mit dem Wechsel des Frequenzbands
durch die Ubertragungsfrequenzwechseleinheit
(11) ausfiihrt, wobei das erste Raumfilter (144)
auf einer Vorstufen-Seite einer Koordinatenum-
wandlungsverarbeitungseinheit (147) vorgese-
hen ist, die eine Koordinatenform des Blutstro-
mungsbildes von Polarkoordinaten in Orthogo-
nalkoordinaten umwandelt; und

ein zweites Raumfilter (15), das auf einer Nach-
stufen-Seite der Koordinatenumwandlungsver-
arbeitungseinheit (147) vorgesehen ist, wobei
das zweite Raumfilter (15) eine zweite Filterver-
arbeitung zum Runden eines Randes des Blut-
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strdmungsbildes durch Verkniipfen der Ande-
rung eines Verarbeitungsinhaltes des zweiten
Raumfilters (15) mit dem Wechsel des Fre-
quenzbands durch die Ubertragungsfrequenz-
wechseleinheit (11) ausfihrt.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 3, wobei entweder in einem Verarbeitungs-
inhalt der ersten Filterverarbeitung oder in einem
Verarbeitungsinhalt der zweiten Filterverarbeitung
mindestens eines von einem Filtertyp, der Anzahl
von Filterabgriffen und einem in jeder der Filterver-
arbeitungen verwendeten FilterkoefFzienten durch
Verkniipfen der Anderung des Verarbeitungsinhal-
tes der ersten oder der zweiten Filterverarbeitung
mit dem Wechsel des Frequenzbands durch die
Ubertragungsfrequenzwechseleinheit (11) geandert
wird.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 3, wobei sowohlin einem Verarbeitungsinhalt
der ersten Filterverarbeitung als auch in einem Ver-
arbeitungsinhalt der zweiten Filterverarbeitung min-
destens eines von einem Filtertyp, der Anzahl von
Filterabgriffen und einem in jeder der Filterverarbei-
tungen verwendeten Filterkoeffizienten durch Ver-
kniipfen der Anderung des Verarbeitungsinhaltes
der ersten und der zweiten Filterverarbeitung mit
dem Wechsel des Frequenzbands durch die Uber-
tragungsfrequenzwechseleinheit (11) geéndert
wird.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 1, ferner aufweisend:

ein erstes Raumfilter (144), das eine erste Fil-
terverarbeitung zum Unterdrlcken einer in dem
elektrischen Signal enthaltenen Rauschkompo-
nente durch Verkniipfen der Anderung eines
Verarbeitungsinhaltes des ersten Raumfilters
(144) mit dem Wechsel des Frequenzbands
durch die Ubertragungsfrequenzwechseleinheit
(11) ausflhrt, wobei das erste Raumfilter (144)
auf einer Vorstufen-Seite einer Koordinatenum-
wandlungsverarbeitungseinheit (147) vorgese-
hen ist, die eine Koordinatenform des Blutstro-
mungsbildes von Polarkoordinaten in Orthogo-
nalkoordinaten umwandelt; und

ein zweites Raumfilter (15), das auf einer Nach-
stufen-Seite der Koordinatenumwandlungsver-
arbeitungseinheit (147) vorgesehen ist, wobei
das zweite Raumfilter (15) eine zweite Filterver-
arbeitung zum Runden eines Randes des Blut-
strdmungsbildes durch Verkniipfen der Ande-
rung eines Verarbeitungsinhaltes des zweiten
Raumfilters (15) mit dem Wechsel des Fre-
quenzbands durch die Ubertragungsfrequenz-
wechseleinheit (11) ausfihrt.
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7.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 6, wobei die Blutstrémungsfarbenerstel-
lungseinheit (16) unter Verwendung der einen durch
Verknipfen mit dem Wechsel des Frequenzbands
durch die Ubertragungsfrequenzwechseleinheit (11)
ausgewahlten Farbpalette zu einem Zeitpunkt der
Visualisierung des Blutstromungsbildes den Farbton
oder die Farbsattigung andert.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 6 oder 7, wobei entweder in einem Verarbei-
tungsinhalt der ersten Filterverarbeitung oder in ei-
nem Verarbeitungsinhalt der zweiten Filterverarbei-
tung mindestens eines von einem Filterlyp, der An-
zahl von Filterabgriffen und einem in jeder der Fil-
terverarbeitungen verwendeten FilterkoefFizienten
durch Verkniipfen der Anderung des Verarbeitungs-
inhaltes der ersten oder der zweiten Filterverarbei-
tung mit dem Wechsel des Frequenzbands durch
die Ubertragungsfrequenzwechseleinheit (11) ge-
andert wird.

Ultraschall-Beobachtungsvorrichtung (2) nach An-
spruch 6 oder 7, wobei sowohl in einem Verarbei-
tungsinhalt der ersten Filterverarbeitung als auch in
einem Verarbeitungsinhalt der zweiten Filterverar-
beitung mindestens eines von einem Filtertyp, der
Anzahl von Filterabgriffen und einem in jeder der Fil-
terverarbeitungen verwendeten Filterkoeffizienten
durch Verkniipfen der Anderung des Verarbeitungs-
inhaltes der ersten und der zweiten Filterverarbei-
tung mit dem Wechsel des Frequenzbands durch
die Ubertragungsfrequenzwechseleinheit (11) ge-
andert wird.

Revendications

Appareil (2) d’observation a ultrasons apte a créer
une image de flux sanguin d’un sujet en recevant un
signal de réflexion d’un signal sonore de sortie trans-
mis au sujet comme un signal électrique, et a exé-
cuter divers types de traitement de signal pour le
signal électrique, caractérisé en ce que I'appareil
(2) d’observation a ultrasons comprend en outre :

une section (11) de commutation de fréquence
de transmission commutant une bande de fré-
quences du signal sonore de sortie qui esttrans-
mis au sujet sur une bande de fréquences cor-
respondant a une combinaison d’'un mode d’af-
fichage et d’'une résolution de I'image de flux
sanguin sélectionnés par une section d’instruc-
tiond’opération, dans lequel le mode d’affichage
inclut un mode de flux en couleur qui affiche
I'image de flux sanguin sur la base d’'une valeur
d’'une vitesse de flux sanguin et un mode de flux
en puissance qui affiche 'image de flux sanguin
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sur la base d’'une valeur d’'une intensité de flux
sanguin ; et

une section (16) de création de couleur de flux
sanguin sélectionnant une palette de couleurs
parmi une pluralité de palettes de couleurs par
liaison avec une commutation de la bande de
fréquences par la section (11) de commutation
de fréquence de transmission et changement
d’'une couleur a un moment de visualisation a
partir de I'image de flux sanguin en utilisant la
palette sélectionnée.

Appareil (2) d’observation a ultrasons selon la re-
vendication 1, dans lequel la section (16) de création
de couleur de flux sanguin change une parmi une
tonalité chromatique et une saturation de couleur a
un moment de visualisation de I'image de flux san-
guin en utilisant la palette de couleurs sélectionnée
par liaison avec une commutation de la bande de
fréquences par la section (11) de commutation de
fréquence de transmission.

Appareil (2) d’observation a ultrasons apte a créer
une image de flux sanguin d’un sujet en recevant un
signal de réflexion d’un signal sonore de sortie trans-
mis au sujet comme un signal électrique, et a exé-
cuter divers types de traitement de signal pour le
signal électrique, caractérisé en ce que l'appareil
(2) d’observation a ultrasons comprend en outre :

une section (11) de commutation de fréquence
de transmission commutant une bande de fré-
quences du signal sonore de sortie qui est trans-
mis au sujet sur une bande de fréquences cor-
respondant a une combinaison d’'un mode d’af-
fichage et d’'une résolution de l'image de flux
sanguin sélectionnés par une section d’instruc-
tion d’opération, dans lequel le mode d’affichage
inclut un mode de flux en couleur qui affiche
l'image de flux sanguin sur la base d’'une valeur
d’'une vitesse de flux sanguin et un mode de flux
en puissance qui affiche 'image de flux sanguin
sur la base d’'une valeur d’une intensité de flux
sanguin ;

un premier filtre spatial (144) exécutant un pre-
mier traitement de filtre pour supprimer une
composante de bruit contenue dans le signal
électrique par liaison d’'un changement d’un
contenu de traitement du premier filtre spatial
(144) avec une commutation de la bande de fré-
quences par la section (11) de commutation de
fréquence de transmission, le premier filtre spa-
tial (144) prévu sur un cbté pré-étage d’une sec-
tion (147) de traitement de conversion de coor-
données, qui convertit une forme de coordon-
nées de I'image de flux sanguin de coordonnées
polaires en coordonnées orthogonales ; et

un deuxiéme filtre spatial (15) prévu sur un coté
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post-étage de la section (147) de traitement de
conversion de coordonnées, le deuxiéme filtre
spatial (15) exécutant un deuxiéme traitement
de filtre pour arrondir un bord de I'image de flux
sanguin par liaison d’'un changement d’un con-
tenu de traitement du deuxieme filtre spatial (15)
avec une commutation de la bande de fréquen-
ces par la section (11) de commutation de fré-
quence de transmission.

Appareil (2) d’observation a ultrasons selon la re-
vendication 3, dans lequel, dans 'un ou 'autre d’un
contenu de traitement du traitement de premier filtre
et d'un contenu de traitement du traitement de
deuxieme filtre, au moins un parmi un type de filtre,
le nombre de prises de filtre, et un coefficient de filtre
utilisés dans chacun des traitements de filire est
changé par liaison d’'un changement du contenu de
traitement des premier ou deuxiéme traitements de
filtre avec une commutation de la bande de fréquen-
ces parlasection (11) de commutation de fréquence
de transmission.

Appareil (2) d’observation a ultrasons selon la re-
vendication 3, dans lequel, dans les deux parmi un
contenu de traitement du traitement de premier filtre
et un contenu de traitement du traitement de deuxié-
me filtre, au moins un parmi un type de filtre, le nom-
bre de prises de filtre, et un coefficient de filtre utilisés
dans chacun des traitements de filtre est changé par
liaison d’'un changement du contenu de traitement
des premier et deuxiéme traitements de filtre avec
une commutation de la bande de fréquences par la
section (11) de commutation de fréquence de trans-
mission.

Appareil (2) d’observation a ultrasons selon la re-
vendication 1, comprenant en outre :

un premier filtre spatial (144) exécutant un pre-
mier traitement de filire pour supprimer une
composante de bruit contenue dans le signal
électrique par liaison d’'un changement d’un
contenu de traitement du premier filtre spatial
(144) avec une commutation de la bande de fré-
quences par la section (11) de commutation de
fréquence de transmission, le premier filtre spa-
tial (144) prévu sur un coté pré-étage d’une sec-
tion (147) de traitement de conversion de coor-
données, qui convertit une forme de coordon-
nées de I'image de flux sanguin de coordonnées
polaires en coordonnées orthogonales ; et

un deuxiéme filtre spatial (15) prévu sur un cété
post-étage de la section (147) de traitement de
conversion de coordonnées, le deuxiéme filtre
spatial (15) exécutant un deuxiéme traitement
de filtre pour arrondir un bord de 'image de flux
sanguin par liaison d’'un changement d’un con-
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tenu de traitement du deuxiéme filtre spatial (15)
avec une commutation de la bande de fréquen-
ces par la section (11) de commutation de fré-
quence de transmission.

Appareil (2) d’observation a ultrasons selon la re-
vendication 6, dans lequel la section (16) de création
de couleur de flux sanguin change une parmi une
tonalité chromatique et une saturation de couleur a
un moment de visualisation de I'image de flux san-
guin en utilisant la palette de couleurs sélectionnée
par liaison avec une commutation de la bande de
fréquences par la section (11) de commutation de
fréquence de transmission.

Appareil (2) d’observation a ultrasons selon la re-
vendication 6 ou 7, dans lequel, dans I'un ou l'autre
d’un contenu de traitement du traitement de premier
filtre et d’un contenu de traitement du traitement de
deuxiéme filtre, au moins un parmi un type de filtre,
le nombre de prises de filtre, et un coefficient de filtre
utilisés dans chacun des traitements de filire est
changé par liaison d’'un changement du contenu de
traitement des premier ou deuxiéme traitements de
filtre avec une commutation de la bande de fréquen-
ces par la section (11) de commutation de fréquence
de transmission.

Appareil (2) d’observation a ultrasons selon la re-
vendication 6 ou 7, dans lequel, dans les deux parmi
un contenu de traitement du traitement de premier
filtre et un contenu de traitement du traitement de
deuxiéme filtre, au moins un parmi un type de filtre,
le nombre de prises de filtre, et un coefficient de filtre
utilisés dans chacun des traitements de filire est
changé par liaison d’'un changement du contenu de
traitement des premier et deuxiéme traitements de
filtre avec une commutation de la bande de fréquen-
ces parla section (11) de commutation de fréquence
de transmission.
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FIG.4
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