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Description
Technical Field

[0001] The present invention relates to an ultrasound
diagnostic apparatus, particularly to an ultrasound diag-
nostic apparatus having a function of showing dynamic
blood flow in a living body.

Background Art

[0002] Conventionally, there has been widely used an
ultrasound diagnostic apparatus which irradiates ultra-
sound into a living body and receives a reflected wave
of the ultrasound reflected at a tissue of the living body
to obtain a tomogram of the living body. Further, in recent
years, there has been also widely used an ultrasound
diagnostic apparatus which has a function of displaying,
besides the tomogram of a living body, for example, dy-
namic blood flow in a living body as a blood flow image
by exploiting the Doppler effect by which the frequency
of a reflected wave is shifted due to the moving velocity
of a reflecting object in motion.

[0003] As such an apparatus, for example, a blood-
flow velocity display apparatus proposed in Japanese
Patent Publication No. 06-9556 is widely known. The
blood-flow velocity display apparatus of Japanese Patent
Publication No. 06-9556 is configured such that after a
comparison between the magnitudes of a blood-flow ve-
locity calculation value during a current scan and a blood-
flow velocity display value during the previous scan is
performed by blood-flow velocity display value calcula-
tion means, a blood-flow velocity display value is calcu-
lated based on the aforementioned comparison result
and is used to display a blood flow image on a color mon-
itor. Thus; using the blood-flow velocity display apparatus
of Japanese Patent Publication No. 06-9556 enables an
operator or the like to easily recognize a peak value of a
pulsating blood flow velocity.

[0004] However, since the blood-flow velocity display
apparatus of Japanese Patent Publication No. 06-9556
performs the comparison by the blood-flow velocity dis-
play value calculation means and the calculation based
on the comparison result to display a blood flow image,
the processing load on the blood-flow velocity display
value calculation means tends toincrease, thus the frame
rate of the blood flow image may be reduced. This will
result in a problem that the blood-flow velocity display
apparatus of Japanese Patent Publication No. 06-9556
may not be able to accurately display dynamic blood flow.
[0005] JP 11 276481, on which document the pream-
bles of claims 1 and 2 are based, discloses a system in
which image processing is applied to information related
to a power of a blood flow and a luminance value is there-
after assigned to the image processed blood flow inten-
sity information.

[0006] The present invention has been made in view
of the above described problem and its object is to pro-
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vide an ultrasound diagnostic apparatus which enables
to display dynamic blood flow more accurately than ever
without sacrificing the frame rate of blood flow image.

Disclosure of Invention
Means for Solving the Problem

[0007] An ultrasound diagnostic apparatus according
to claims 1 and 2 is provided. The ultrasound diagnostic
apparatus includes ultrasound transmitting/receiving
means for transmitting an ultrasound pulse to generate
ultrasound to be transmitted from ultrasound transducing
means to a test subject, and receiving an echo signal
outputted from the ultrasound transducing means based
on the ultrasound reflected in the test subject; based on
the echo signal, dynamic blood flow detection means for
calculating a predetermined detection value based on
dynamic blood flow in the test subject; luminance value
conversion means for converting the predetermined de-
tection value into a luminance value; luminance value
replacement means retaining luminance value conver-
sion information for converting one luminance value to
another luminance value; and comparison means for
comparing a first luminance value in one frame with a
second luminance value in the frame immediately pre-
ceding the one frame, out of luminance values outputted
from the luminance value conversion means, wherein
the comparison means is adapted to output either the
first luminance value or a third luminance value, which
is not larger than the absolute value of the second lumi-
nance value, based on the comparison result and the
luminance value replacement information.

[0008] The ultrasound diagnostic apparatus of a first
aspect is the ultrasound diagnostic apparatus according
to the first aspect, wherein the comparison means is
adapted to output the first luminance value when obtain-
ing a comparison result that the first luminance value is
larger than the second luminance value, and to replace
the second luminance value with the third luminance val-
ue based on the luminance value replacement informa-
tion, thereby outputting the third luminance value when
obtaining a comparison result that the first luminance val-
ue is not larger than the second luminance value.
[0009] The ultrasound diagnostic apparatus of a pre-
ferred embodimentis an ultrasound diagnostic apparatus
according to the second aspect , wherein the comparison
means is adapted to increase the attenuation of the third
luminance value as the second luminance value increas-
es when replacing the second luminance value with the
third luminance value based on the luminance value re-
placement information.

[0010] The ultrasound diagnostic apparatus of a pre-
ferred embodiment is an ultrasound diagnostic appara-
tus, wherein the luminance value replacement informa-
tion retained by the luminance value replacement means
is configured to be a rewritable data file.

[0011] The ultrasound diagnostic apparatus of a pre-
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ferred embodiment is an ultrasound diagnostic appara-
tus, wherein the luminance value replacement informa-
tion retained by the luminance value replacement means
is configured to be a rewritable data file.

[0012] The ultrasound diagnostic apparatus of a pre-
ferred embodiment is an ultrasound apparatus, wherein
the data file is made up of a plurality of data files.
[0013] The ultrasound diagnostic apparatus of a pre-
ferred embodiment is an ultrasound apparatus, wherein
the data file is made up of a plurality of data files.
[0014] The ultrasound diagnostic apparatus of a sec-
ond aspectis an ultrasound diagnostic apparatus, where-
in the comparison means is adapted to output the first
luminance value when obtaining a comparison result that
the first luminance value has a different sign from that of
the second luminance value, or that the first luminance
value has the same sign as that of the second luminance
value and the absolute value of the first luminance value
is larger than that of the second luminance value; and to
replace the second luminance value with the third lumi-
nance value based on the luminance value replacement
information and output the third luminance value, when
obtaining a comparison result that the first luminance val-
ue has the same sign as that of the second luminance
and the absolute value of the first luminance value is not
larger than that of the second luminance value.

[0015] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the comparison means is adapted to in-
crease the attenuation of the third luminance value as
the second luminance value increases when replacing
the second luminance value with the third luminance val-
ue based on the luminance value replacement informa-
tion.

[0016] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the luminance value replacement informa-
tion retained by the luminance value replacement means
is configured to be a rewritable data file.

[0017] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the luminance value replacement informa-
tion retained by the luminance value replacement means
is configured to be a rewritable data file.

[0018] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the data file is made up of a plurality of data
files.

[0019] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the data file is made up of a plurality of data
files.

[0020] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the luminance value replacement informa-
tion retained by the luminance value replacement means
is configured to be a rewritable data file.

[0021] The ultrasound diagnostic apparatus of a pre-
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ferred embodiment of an ultrasound diagnostic appara-
tus wherein the data file is made up of a plurality of data
files.

[0022] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the comparison means is adapted to in-
crease the attenuation of the third luminance value as
the second luminance value increases when replacing
the second luminance value with the third luminance val-
ue based on the luminance value replacement informa-
tion.

[0023] The ultrasound diagnostic apparatus of a pre-
ferred embodiment of an ultrasound diagnostic appara-
tus, wherein the luminance value replacement informa-
tion retained by the luminance value replacement means
is configured to be a rewritable data file.

[0024] The ultrasound diagnostic apparatus of an em-
bodiment of the ultrasound diagnostic apparatus, where-
in the luminance value replacement information retained
by the luminance value replacement means is configured
to be a rewritable data file.

[0025] The ultrasound diagnostic apparatus of an em-
bodiment of the ultrasound diagnostic apparatus, where-
in the data file is made up of a plurality of data files.
[0026] The ultrasound diagnostic apparatus of an em-
bodiment of the ultrasound diagnostic apparatus accord-
ing to the nineteenth aspect, wherein the data file is
made up of a plurality of data files.

[0027] The ultrasound diagnostic apparatus of an em-
bodiment of the may include: ultrasound transmitting/re-
ceiving means for transmitting an ultrasound pulse to
generate ultrasound to be transmitted from ultrasound
transducing means to a test subject, and receiving an
echo signal outputted from the ultrasound transducing
means based on the ultrasound reflected in the test sub-
ject; based on the echo signal, dynamic blood flow de-
tection means for calculating a predetermined detection
value based on dynamic blood flow in the test subject;
luminance value conversion means for converting the
predetermined detection value into a luminance value;
and comparison means for comparing a first luminance
value in one frame with a second luminance value in the
frame immediately preceding the one frame, out of the
luminance values outputted from the luminance value
conversion means, wherein the ultrasound diagnostic
apparatus further includes a lookup table including a
comparative table for converting the second luminance
value into a third luminance value which is not larger than
the absolute value of the second luminance value, and
wherein the comparison means outputs either the first
luminance value or the third luminance value based on
the comparison result and the comparative table.
[0028] The ultrasound diagnostic apparatus of an em-
bodiment of the ultrasound diagnostic apparatus accord-
ing to the twenty-second aspect , wherein the compara-
tive table retained by the lookup table is configured to be
a rewritable data file.

[0029] The ultrasound diagnostic apparatus of a pre-
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ferred embodiment of the ultrasound diagnostic appara-
tus, wherein the data file is made up of a plurality of data
files.

Brief Description of the Drawings

[0030]
Fig. 1 shows the configuration of principal parts of an
ultrasound diagnostic system in which the ul-
trasound diagnostic apparatus relating to a
present embodiment is used;

Fig.2 shows a configuration example of an after im-
age processing circuit included in the ultra-
sound diagnostic apparatus of Fig. 1;

Fig. 3 is agraph to show the relationship between the
inputluminance value and the output luminance
value corresponding to the input luminance val-
ue in a comparative table included in the lookup
table in the afterimage processing circuit of Fig.
2;

Fig. 4 isagraphtoshow the variation of the luminance
value of the portion where blood flow exists, in
a blood flow image displayed on a monitor;
Fig. 5 shows a configuration example of a variation of
the after image processing circuit of Fig. 2; and
Fig. 6  shows another example, which is different from
that of Fig. 5, of a variation of the after image
processing circuit of Fig. 2.

Best Mode for Carrying Out the Invention

[0031] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. Fig.
1 shows the configuration of principal parts of an ultra-
sound diagnostic system in which the ultrasound diag-
nostic apparatus relating to a present embodiment is
used. Fig. 2 shows a configuration example of an after
image processing circuit included in the ultrasound diag-
nostic apparatus of Fig. 1. Fig. 3 is a graph to show the
relationship between the input luminance value and the
output luminance value corresponding to the input lumi-
nance value in a comparative table included in the lookup
table in the after image processing circuit of Fig. 2. Fig.
4 is a graph to show the variation of the luminance value
of the portion where blood flow exists, in a blood flow
image displayed on a monitor. Fig. 5 shows a configura-
tion example of a variation of the after image processing
circuit of Fig. 2. Fig. 6 shows another example, which is
different from that of Fig. 5, of a variation of the after
image processing circuit of Fig. 2.

[0032] The ultrasound diagnostic system 1 is config-
ured to include a probe 11, an ultrasound diagnostic ap-
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paratus 21, and a monitor 41.

[0033] The probe 11 contains thereinside an ultra-
sound transducer 12 which transmits ultrasound to a test
subject 101, for example, a living body, and receives a
reflected wave of the ultrasound in the test subject 101.
[0034] The ultrasound transducer 12 as the ultrasound
transducing means transmits ultrasound to the test sub-
ject 101 based on the ultrasound pulse signal from the
ultrasound diagnostic apparatus 21, and receives the re-
flected wave of the ultrasound in the test subject 101 to
output it as an echo signal to the ultrasound diagnostic
apparatus 21.

[0035] Further, the ultrasound diagnostic apparatus 21
is configured to include a transmitting/receiving circuit
22, a B-mode generation circuit 23, a Doppler processing
circuit 24, and a synthesis circuit 25.

[0036] The transmitting/receiving circuit 22 as ultra-
sound transmitting/receiving means transmits an ultra-
sound pulse signal for driving the ultrasound transducer
12to the probe 11 and receives the echo signal outputted
from the ultrasound transducer 12 to perform processing
thereon amplification and the like, and outputs the proc-
essed echo signal to the B-mode generation circuit 23
and the Doppler processing circuit 24.

[0037] The B-mode generation circuit 23 generates a
tomogram of the test subject 101 based on the echo sig-
nal outputted from the transmitting/receiving circuit 22
and thereafter outputs the tomogram as a tomography
signal to the synthesis circuit 25.

[0038] The Doppler processing circuit 24 is configured
to include a quadrature detection circuit 31, A/D (analog/
digital) converters 32l and 32Q, storage circuits 331 and
33Q, MTI (Moving Target Indicator) filters 341 and 34Q,
a dynamic blood flow detection circuit 35, a luminance
value conversion circuit 36, and an after image process-
ing circuit 37.

[0039] The quadrature detection circuit 31 performs
quadrature detection based on the echo signal outputted
from the transmitting/receiving circuit 22 to output an in-
phase echo signal, which is an in-phase component of
the echo signal, to the A/D converter 32| and also to out-
put a quadrature echo signal, which is a quadrature com-
ponent of the echo signal, to the A/D converter 32Q.
[0040] The A/D converter 32I digitally converts an in-
phase echo signal outputted from the quadrature detec-
tion circuit 31 and outputs the digitally converted in-phase
echo signal to the storage circuit 331. Further, the A/D
converter 32Q digitally converts a quadrature echo signal
outputted from the quadrature detection circuit 31 and
outputs the digitally converted quadrature echo signal to
the storage circuit 33Q.

[0041] Further, configuration may be such that the
echo signal outputted from the transmitting/receiving cir-
cuit 22 is converted into a digital signal by the A/D con-
verter and thereafter is subjected to quadrature detection
by a quadrature detection circuit made up of a digital filter.
[0042] The storage circuit 33| made up of a memory
and the like stores, for example, only one frame of the
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in-phase echo signal outputted from the A/D converter
32l as the signal value which will be needed for the
processing performed by the dynamic blood flow detec-
tion circuit 35, and thereafter outputs the signal value of
the in-phase echo signal to the MTI filter 341. Further, the
storage circuit 33Q made up of a memory and the like
stores, for example, only one frame of the quadrature
echo signal outputted from the A/D converter 32Q as the
signal value which will be needed for the processing per-
formed by the dynamic blood flow detection circuit 35,
and thereafter outputs the signal value of the in-phase
echo signal to the MTI filter 34Q.

[0043] The MTI filter 341 performs a processing to re-
move a component, which moves slowly in a living body
like an organ, from the in-phase echo signal outputted
from the storage circuit 331 and thereafter outputs the
processed in-phase echo signal to the dynamic blood
flow detection circuit 35. Further, MTI filter 34Q performs
a processing to remove a component, which moves slow-
ly in a living body like an organ, from the quadrature echo
signal outputted from the storage circuit 33Q and there-
after outputs the processed quadrature echo signal to
the dynamic blood flow detection circuit 35.

[0044] The dynamic blood flow detection circuit 35 is
configured to include: a complex autocorrelation
processing circuit for generating and outputting complex
data representing a complex autocorrelation vector
based on the in-phase echo signal and the quadrature
echo signal outputted from the MTI filters 341 and 34Q;
a frame memory retaining a frame of complex data; a
weighted addition circuit for weighting and adding the
inputted complex data; a velocity/intensity calculation cir-
cuit for calculating the velocity and the intensity of blood
flow, and the amplitude of the complex data, based on
the weighted and added data; and a threshold processing
circuit for removing a component with a velocity not larger
than a predetermined velocity and a component with am
amplitude not larger than a predetermined amplitude.
With the above described configuration, the dynamic
blood flow detection circuit 35 can perform the processing
to calculate a velocity value to indicate the velocity of
blood flow in a living body or a power value to indicate
the intensity of blood flow in a living body, as the prede-
termined detection value based on the dynamic blood
flow in a living body, based on the in-phase echo signal
and quadrature echo signal outputted from the MTI filters
341 and 34Q. Further, the dynamic blood flow detection
circuit 35 outputs the velocity value or the power value
which has been obtained through the aforementioned
processing, as velocity value data or power value data
to the luminance value conversion circuit 36.

[0045] The luminance value conversion circuit 36 per-
forms processing based on the Doppler effect on the ve-
locity value data or the power value data outputted from
the dynamic blood flow detection circuit 35 to convert the
velocity value data into luminance value data for each
frame, and thereafter outputs the luminance value data
to the after image processing circuit 37.

10

15

20

25

30

35

40

45

50

55

[0046] The after image processing circuit 37 is config-
ured, as shown in Fig. 2, to include storage circuits 37a
and 37b, a comparison circuit 37c, a lookup table 37d,
and a switch 37e.

[0047] The storage circuit 37a, which is made up of a
frame memory and the like, temporarily stores first lumi-
nance value data, which is luminance value data in one
frame, and second luminance value data, which is lumi-
nance value data in the frame immediately preceding the
one frame, out of the luminance value data outputted
from the luminance value conversion circuit 36, thereafter
outputting the first luminance value data to the compar-
ison circuit 37c as well as outputting the second lumi-
nance value data to the storage circuit 37b.

[0048] The storage circuit 37b, which is made up of a
frame memory and the like, temporarily stores the second
luminance value data outputted from the storage circuit
37a and thereafter outputs the second luminance value
data to the comparison circuit 37c¢.

[0049] The comparison circuit 37c compares the first
luminance value based on the first luminance value data
outputted from the storage circuit 37a with the second
luminance value based on the second luminance value
data outputted from the storage circuit 37b. Moreover,
thefirstluminance value and the second luminance value
are both supposed to be a positive whole number not
less than 0, for example, 0 to 255.

[0050] The comparison circuit 37¢ outputs the first lu-
minance value data to the switch 37e when, for example,
the first luminance value is larger than the second lumi-
nance value. Further, the comparison circuit 37c¢ controls
the switching of the switch 37e so as to turn a terminal
e1intoaconduction state so that the first luminance value
data is outputted to the synthesis circuit 25.

[0051] Further, for example, when the first luminance
value is not larger than the second luminance value, the
comparison circuit 37¢c performs the processing to re-
place the second luminance value data having the sec-
ond luminance value with third luminance value data hav-
ing a third luminance value described later making ref-
erence to the lookup table 37d, and thereafter outputs
the third luminance value data to the switch 37e. Further,
the comparison circuit 37¢ controls the switching of the
switch 37e so as to turn a terminal e2 into a conduction
state such that the third luminance value data is outputted
to the synthesis circuit 25. Moreover, the third luminance
value is supposed to be a positive whole number not less
than 0, for example, 0 to 255.

[0052] The lookup table 37d as luminance value re-
placement means is configured to include a memory not
shown, an input/output circuit, and the like. The memory
not shown includes a comparative table containing lumi-
nous value conversion information which is to be referred
to when the processing to replace a second luminance
value based on the second luminance value data with a
third luminance value which is preset as a value not larger
than the absolute value of the second luminance value
is performed. Further, the comparative table included in
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the lookup table 37d contains a plurality of combinations
of aninputluminance value, which is for example a whole
number from 0 to 255, and an output luminance value,
which is a whole number from 0 to 255, as the luminance
value corresponding to the input luminance value. Fur-
ther, each of the combinations of two luminance values
has a relationship that the attenuation of the third lumi-
nance value, as the output luminance value, increases
as the second luminance value, as the input luminance
value, increases as shown as a nonlinear graph in Fig. 3.
[0053] Inthe presentembodiment, the comparative ta-
ble included in a memory not shown of the lookup table
37dis configured such that an input luminance value and
the output luminance value corresponding to the input
luminance value can be rewritten into a desired value,
and for example can be configured to be a data file of a
text data form. Further, the aforementioned data file is
for example configured such that file identification data
such as an identification code is written in the head of
each data file, and in the rear of the portion in which the
file identification data is written, for example, there are
written a combination of two luminance values: an input
luminance value which is a whole number from 0 to 255,
and an output luminance value which corresponds to the
input luminance value and is a whole number from 0 to
255,

[0054] Further, the lookup table 37d is not limited to a
configuration in which the memory not shown has only
one comparative table, and may be configured such that
the memory not shown has a plurality of comparative
tables. Further, when the memory not shown of the
lookup table 37d has a plurality of comparative tables,
the configuration may be such that an operator or the like
can select a desired comparative table out of the plurality
of comparative tables or that the comparison circuit 37¢
can select one comparative table depending on the com-
parison result.

[0055] The synthesis circuit 25 generates a blood flow
image to show the dynamic state of blood flow in the test
subject 101 based on the luminance value data outputted
from the Doppler processing circuit 24. Then, the syn-
thesis circuit 25 synthesizes a blood flow image gener-
ated based on the luminance value data outputted from
the Doppler processing circuit 24 and a tomogram of the
test subject 101 based on the tomography signal output-
ted from the B-mode generation circuit 23, and outputs
the synthesized blood flow image and the tomogram as
synthesized image data to the monitor 41.

[0056] The monitor 41 displays an image in which a
tomogram of the test subject 101 as a living body is su-
perimposed with a blood flow image based on the syn-
thesized image signal outputted from the synthesis circuit
25.

[0057] Next, effects of the ultrasound diagnostic sys-
tem 1 in the present embodiment will be described.
[0058] First, an operator or the like puts the probe 11
into contact with a desired observation site of the test
subject 101 and thereafter makes the ultrasound trans-

10

15

20

25

30

35

40

45

50

55

ducer 12 oscillate by operating a switch not shown and
provided on the exterior surface of the ultrasound diag-
nostic apparatus 21 to transmit ultrasound to the test sub-
ject 101.

[0059] After transmitting ultrasound to the test subject
101, the ultrasound transducer 12 receives the reflected
wave of the ultrasound in the test subject 101 and outputs
it as an echo signal to the ultrasound diagnostic appara-
tus 21.

[0060] The ultrasound diagnostic apparatus 21 gener-
ates a tomography signal at the B-mode generation cir-
cuit 23 based on the echo signal outputted from the ul-
trasound transducer 12 of the probe 11, and outputs ei-
ther one of the first luminance value data or the third
luminance value data at the Doppler processing circuit
24. The ultrasound diagnostic apparatus 21 synthesizes
a blood flow image generated based on the luminance
value data outputted from the Doppler processing circuit
24 and a tomogram of the test subject 101 based on the
tomography signal outputted from the B-mode genera-
tion circuit 23, and outputs the blood flow image and the
tomogram after synthesis as synthesized image data to
the monitor 41.

[0061] The monitor 41 displays an image in which a
tomogram of the test subject 101 as a living body is su-
perimposed with a blood flow image to show dynamic
blood flow in the test subject 101, based on the synthetic
image signal outputted from the synthesis circuit 25.
[0062] With the above described series of processing
being performed by the ultrasound diagnostic apparatus
21, an operator or the like can visually recognize dynamic
blood flow in the test subject 101 in the blood flow image
displayed on the monitor 41. Further, the blood flow im-
age to be displayed on the monitor 41 may be shown for
example as an image in which, when velocity value data
is outputted from the dynamic blood flow detection circuit
35, the larger the blood flow velocity is, the brighter the
red color becomes, that is, the magnitude of the blood
flow velocity is related to the brightness of the red color.
Further, the blood flow image to be displayed on the mon-
itor 41 may be shown for example as an image in which
when power value data is outputted from the dynamic
blood flow detection circuit 35, the larger the blood flow
intensity is, the brighter the red color becomes, that is,
the magnitude of the blood flow intensity is related to the
brightness of the red color.

[0063] Further, with the above described series of
processing being performed by the ultrasound diagnostic
apparatus 21, an operator or the like can visually recog-
nize the blood flow velocity in the site where blood flow
exists or dynamic blood flow while blood flow intensity is
reduced, as a state in which the brightness of red color
is gradually reduced as time elapses, in the blood flow
image displayed on the monitor 41. Moreover, Fig. 4 is
a graph to show temporal change of a luminance value
in the portion where blood flow exists in the blood flow
image displayed on the monitor 41, both when the above
described series of processing has not be performed by
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the ultrasound diagnostic apparatus 21 and when the
above described series of processing has been per-
formed by the ultrasound diagnostic apparatus 21.
[0064] Moreover, in the present embodiment, the after
image processing circuit 37 included in the Doppler
processing circuit 24 of the ultrasound diagnostic appa-
ratus 21 may be configured as an after image processing
circuit 37A having approximately same effect as the after
image processing circuit 37 as shown in Fig. 5.

[0065] The after image processing circuit 37A is con-
figured to include a lookup table 37d, storage circuits 37f
and 37g, and a comparison circuit 37h.

[0066] The storage circuit 37f made up of a frame
memory and the like temporarily stores first luminance
value data which is luminance value data in one frame
and second luminance value data which is luminance
value in the frame immediately preceding the one frame,
out of the luminance value data outputted from the lumi-
nance value conversion circuit 36, thereafter outputting
the first luminance value data to the comparison circuit
37h as well as outputting the second luminance data to
the storage circuit 37g.

[0067] The storage circuit 37g, which is made up of a
frame memory and the like, temporarily stores the second
luminance value data outputted from the storage circuit
37f and thereafter outputs the second luminance value
data to the lookup table 37d.

[0068] The lookup table 37d replaces the second lu-
minance value data outputted from the storage circuit
37g with third luminance value data based on the com-
parative table included in the memory not shown, and
thereafter outputs the third luminance value data to the
comparison circuit 37h.

[0069] The comparison circuit 37h compares the first
luminance value data outputted from the storage circuit
37f with the third luminance value data outputted based
on the comparative table included in the lookup table
37d, and based on the comparison result, outputs one
luminance value data which has a larger luminance value
to the synthesis circuit 25.

[0070] The after image processing circuit 37A having
a configuration as described above can achieve an ap-
proximately same effect as that of the after image
processing circuit 37 as described above.

[0071] Further, although in the description of the
present embodiment, the above described first, second,
and third luminance values have been assumed to be all
positive whole numbers not less than 0, for example 0 to
255, they are not limited thereto. For example, the lumi-
nance values may be values including color data having
a positive or negative sign, for example, a whole number
in the range of -127 to +127. In such a case, the after
image processing circuit 37 included in the Doppler
processing circuit 24 of the ultrasound diagnostic appa-
ratus 21 is configured to be for example an after image
processing circuit 37B as shown in Fig. 6.

[0072] The after image processing circuit 37B is con-
figured to include a storage circuit 37a, a storage circuit
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37b, a lookup table 37d, a comparison circuit 37p, mul-
tipliers 37qg and 37r, a multiplication number setting circuit
37sfor outputting a preset multiplication number, a switch
37t having two terminals t1 and t2, and a switch 37u hav-
ing three terminals u1, u2 and u3.

[0073] The comparison circuit 37p compares the first
luminance value based on the first luminance value data
outputted from the storage circuit 37a with the second
luminance value based on the second luminance value
data outputted from the storage circuit 37b.

[0074] And when the first luminance value has a dif-
ferent sign from that of the second luminance value, the
comparison circuit 37p outputs the first luminance value
data to the switch 37u. Further, the comparison circuit
37p controls the switching of the switch 37u so as to
change the terminal u1 into a conduction state so that
thefirstluminance value datais outputted to the synthesis
circuit 25.

[0075] Further, when the first luminance value and the
second luminance value have the same sign, the com-
parison circuit 37p calculates the absolute value of the
first luminance value and the absolute value of the sec-
ond luminance value, and further performs the compar-
ison based on the calculation result.

[0076] And, for example, when the absolute value of
the first luminance value is larger than that of the second
luminance value, the comparison circuit 37p outputs the
first luminance value data to the switch 37u. Further, the
comparison circuit 37p controls the switching of the
switch 37u so as to change the terminal u2 into a con-
duction state so that the first luminance value data is
outputted to the synthesis circuit 25.

[0077] Further, for example, when the absolute value
of the first luminance value is not larger than that of the
second luminance value, the comparison circuit 37p out-
puts the absolute value of the second luminance value
to the multiplier 37q to cause a processing, which will be
described below, to be performed at the multiplier 37q,
the lookup table 37d and the multiplier 37r, and controls
the switching of the switch 37u so as to change the ter-
minal u3 into a conduction state so that the luminance
value data obtained by the aforementioned processing
is outputted to the synthesis circuit 25.

[0078] Further, when the second luminance value is
not less than 0, the comparison circuit 37p controls the
switching of the switch 37t so as to turn the terminal t1
into a conduction state. On the other hand, when the
second luminance value is less than 0, the comparison
circuit 37p controls the switching of the switch 37t so as
to change the terminal t2 into a conduction state.
[0079] The multiplication number setting circuit 37s
outputs, for example, 2 as the first multiplication number
to the multiplier 37q; for example, 1/2 as the second mul-
tiplication number to the terminal t1 of the switch 37t; and
for example, -1/2 as the third multiplication number to the
terminal t2 of the switch 37, based on the preset multi-
plication number.

[0080] The absolute value of the second luminance
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value outputted from the comparison circuit 37p is dou-
bled by being subjected to processing based on the first
multiplication number outputted from the multiplication
number setting circuit 37s at the multiplier 37q; and there-
after is outputted to the lookup table 37d.

[0081] Then, the absolute value of the second lumi-
nance value, which has been doubled and outputted from
the multiplier 37q, is replaced with a third luminance value
based on the comparative table included in the lookup
table 37d, and thereafter is outputted to the multiplier 37r.
[0082] Forexample, whenthe secondluminance value
is not less than 0, the third luminance value outputted
from the lookup table 37d is multiplied by 1/2 by being
subject to processing based on the second multiplication
number outputted from the multiplication number setting
circuit 37s at the multiplier 37r; and thereafter is outputted
to the synthesis circuit 25 via the terminal u3 of the switch
37u. On the other hand, when the second luminance val-
ue is less than 0, the third luminance value outputted
from the lookup table 37d is multiplied by -1/2 by being
subject to processing based on the third multiplication
number outputted from the multiplication number setting
circuit 37s atthe multiplier 37r; and thereafter is outputted
to the synthesis circuit 25 via the terminal u3 of the switch
37u.

[0083] The after image processing circuit 37B config-
ured as described above can achieve approximately
same effect as that of the after image processing circuit
37 described above using the same lookup table 37d as
that of the after image processing circuit 37 even when
a value including color data having a positive or negative
sign is inputted.

[0084] The ultrasound diagnostic apparatus 21 of the
present embodiment performs the processing based on
the comparative table included in the lookup table 37d
when showing dynamic blood flow during the decrease
of blood flow velocity in the blood flow image displayed
on the monitor 41. Therefore, the ultrasound diagnostic
apparatus 21 of the present embodiment does not need
to perform the processing to calculate the luminance val-
ue for each frame by arithmetic operation using a rela-
tively complex function, for example by taking the 0.6th
power of the inputted luminance value, as conventionally
practiced when showing dynamic blood flow during the
decrease of blood flow velocity. Since it is possible to
preinstall calculation results using a complex function as
described above into the comparative table included in
the lookup table 37d, the ultrasound diagnostic apparatus
21 of the present embodiment can show dynamic blood
flow during the decrease of blood flow velocity by a sim-
pler configuration than ever without performing the
processing which is conventionally performed and re-
quires large load, for example performing the aforemen-
tioned calculation for each frame in the calculation circuit
for calculating luminance values. As a result, the ultra-
sound diagnostic apparatus 21 of the present embodi-
ment can show dynamic blood flow in the blood flow im-
age displayed in the monitor 41 without decreasing the
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frame rate.

[0085] Further, the ultrasound diagnostic apparatus 21
of the present embodiment can show dynamic blood flow
in a state in which the luminance value is gradually re-
duced as time elapses, by performing processing based
on the comparative table included in the lookup table 37d
when showing dynamic blood flow during the decrease
of blood flow velocity, in the blood flow image displayed
on the monitor 41. Therefore, the ultrasound diagnostic
apparatus 21 of the present embodiment can show dy-
namic blood flow more accurately than ever.

[0086] The presentinvention will not be limited by the
above described embodiment; and it goes without saying
that various modifications and applications can be made.

Claims

1. An ultrasound diagnostic apparatus (21), compris-
ing:

ultrasound transmitting/receiving means (22) for
transmitting an ultrasound pulse to generate ul-
trasound to be transmitted from ultrasound
transducing means (12) to a test subject (101),
and receiving an echo signal outputted from the
ultrasound transducing means (12) based on
the ultrasound reflected in the test subject (101);
dynamic blood flow detection means (35) for cal-
culating a predetermined detection value based
on dynamic blood flow in the test subject (101)
based on the echo signal; and

luminance value conversion means (36) for con-
verting the predetermined detection value into
a luminance value;

luminance value replacement means (37d) for
retaining luminance value replacement informa-
tion for converting one luminance value to an-
other luminance value; and

comparison means (37c¢) for comparing a first
luminance value in one frame with a second lu-
minance value in the frame immediately preced-
ing the one frame, out of luminance values out-
putted from the luminance value conversion
means (36), wherein the comparison means
(37¢) is adapted to output either the first lumi-
nance value or a third luminance value, which
is not larger than the absolute value of the sec-
ond luminance value, based on the comparison
result and the luminance value replacement in-
formation,

characterized in that the comparison means is
adapted to output the first luminance value when ob-
taining a comparison result that the first luminance
value is larger than the second luminance value, and
to replace the second luminance value with the third
luminance value based on the luminance value re-
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placement information, thereby outputting the third
luminance value when obtaining a comparison result
that the first luminance value is not larger than the
second luminance value.

An ultrasound diagnostic apparatus (21), compris-
ing:

ultrasound transmitting/receiving means (22) for
transmitting an ultrasound pulse to generate ul-
trasound to be transmitted from ultrasound
transducing means (12) to a test subject (101),
and receiving an echo signal outputted from the
ultrasound transducing means (12) based on
the ultrasound reflected in the test subject (101);
dynamic blood flow detection means (35) for cal-
culating a predetermined detection value based
on dynamic blood flow in the test subject (101)
based on the echo signal; and

luminance value conversion means (36) for con-
verting the predetermined detection value into
a luminance value;

luminance value replacement means (37d) for
retaining luminance value replacementinforma-
tion for converting one luminance value to an-
other luminance value; and

comparison means (37c) for comparing a first
luminance value in one frame with a second lu-
minance value in the frame immediately preced-
ing the one frame, out of luminance values out-
putted from the luminance value conversion
means (36),

characterized in that the comparison means
(37c) is adapted to output either the first lumi-
nance value or a third luminance value, which
is not larger than the absolute value of the sec-
ond luminance value, based on the comparison
result and the luminance value replacement
information" wherein the comparison means
(37c) is adapted to output the first luminance
value when obtaining a comparison result that
the first luminance value has a different sign
from that of the second luminance value, or that
the first luminance value has the same sign as
that of the second luminance value and the ab-
solute value of the first luminance value is larger
than that of the second luminance value; and to
replace the second luminance value with the
third luminance value based on the luminance
value replacement information and output the
third luminance value, when obtaining a com-
parison result that the first luminance value has
the same sign as that of the second luminance
and the absolute value of the first luminance val-
ueis notlarger than that of the second luminance
value.

3. The ultrasound diagnostic apparatus according to
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one of claims 1-2, wherein the comparison means
(37c) is adapted to increase the attenuation of the
third luminance value as the second luminance value
increases when replacing the second luminance val-
ue with the third luminance value based on the lumi-
nance value replacement information.

The ultrasound diagnostic apparatus of any preced-
ing claim, further comprising:

a lookup table including a comparative table for
converting the second luminance value into a
third luminance value which is not larger than
the absolute value of the second luminance val-
ue, wherein

the comparison means (37c) outputs either the
first luminance value or the third luminance val-
ue based on the comparison result and the com-
parative table.

The ultrasound diagnostic apparatus of claim 4,
wherein the comparative table retained in the lookup
table is configured to be a rewritable data file.

The ultrasound diagnostic apparatus of claim 5,
wherein the data file is made up of a plurality of data
files.

Patentanspriiche

Ultraschall-Diagnosegeréat (21) mit:

einer Ultraschall-Ubertragungs/Empfangsein-
richtung (22) zum Ubertragen eines Ultraschal-
limpulses, um Ultraschall zu erzeugen, der von
einer Ultraschall-Wandlereinrichtung (12) an ein
Testsubjekt (101) zu Ubertragen ist, und zum
Empfangen eines von der Ultraschall-Wandler-
einrichtung (12) ausgegebenen Echosignals auf
Basis des in dem Testsubjekt (101) reflektierten
Ultraschalls;

einer dynamischen Blutstrémungs-Detektions-
einrichtung (35) zum Berechnen eines vorbe-
stimmten Detektionswerts basierend auf einer
dynamischen Blutstrémung in dem Testsubjekt
(101) auf Basis des Echosignals; und

einer Luminanzwert-Umwandlungseinrichtung
(36) zum Umwandeln des vorbestimmten De-
tektionswerts in einen Luminanzwert;

einer Luminanzwert-Austauscheinrichtung
(37d) zum Halten von Luminanzwert-Austau-
schinformation fiir eine Umwandlung eines Lu-
minanzwerts in einen anderen Luminanzwert;
und

einer Vergleichseinrichtung (37c) zum Verglei-
chen eines ersten Luminanzwerts in einem Fra-
me mit einem zweiten Luminanzwert in dem
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dem einen Frame unmittelbar vorausgehenden
Frame aus von der Luminanzwert-Umwand-
lungseinrichtung (36) ausgegebenen Lumi-
nanzwerten, wobei die Vergleichseinrichtung
(37c) entweder den ersten Luminanzwert oder
einen dritten Luminanzwert auszugeben ver-
mag, der nicht groRRer ist als der Absolutwert des
zweiten Luminanzwerts, basierend auf dem
Vergleichsergebnis und der Luminanzwert-Aus-
tauschinformation,

dadurch gekennzeichnet, dass die Vergleichsein-
richtung den ersten Luminanzwert auszugeben ver-
mag, wenn sie ein Vergleichsergebnis erhélt, dass
der erste Luminanzwert gréf3er als der zweite Lumi-
nanzwert ist, und den zweiten Luminanzwert gegen
den dritten Luminanzwert auf Basis der Luminanz-
wert-Austauschinformation auszutauschen vermag,
wodurch sie den dritten Luminanzwert ausgibt, wenn
sie ein Vergleichsergebnis erhalt, dass der erste Lu-
minanzwert nicht groRer als der zweite Luminanz-
wert ist.

Ultraschall-Diagnosegerat (21) mit:

einer Ultraschall-Ubertragungs/Empfangsein-
richtung (22) zum Ubertragen eines Ultraschal-
limpulses, um Ultraschall zu erzeugen, der von
einer Ultraschall-Wandlereinrichtung (12) an ein
Testsubjekt (101) zu Ubertragen ist, und zum
Empfangen eines von der Ultraschall-Wandler-
einrichtung (12) ausgegebenen Echosignals auf
Basis des in dem Testsubjekt (101) reflektierten
Ultraschalls;

einer dynamischen Blutstrémungs-Detektions-
einrichtung (35) zum Berechnen eines vorbe-
stimmten Detektionswerts basierend auf einer
dynamischen Blutstromung in dem Testsubjekt
(101) auf Basis des Echosignals; und

einer Luminanzwert-Umwandlungseinrichtung
(36) zum Umwandeln des vorbestimmten De-
tektionswerts in einen Luminanzwert;

einer Luminanzwert-Austauscheinrichtung
(37d) zum Halten von Luminanzwert-Austau-
schinformation flr eine Umwandlung eines Lu-
minanzwerts in einen anderen Luminanzwert;
und

einer Vergleichseinrichtung (37c) zum Verglei-
chen eines ersten Luminanzwerts in einem Fra-
me mit einem zweiten Luminanzwert in dem
dem einen Frame unmittelbar vorausgehenden
Frame aus von der Luminanzwert-Umwand-
lungseinrichtung (36) ausgegebenen Lumi-
nanzwerten,

dadurch gekennzeichnet, dass die Vergleichsein-
richtung (37c) entweder den ersten Luminanzwert
oder einen dritten Luminanzwert auszugeben ver-
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mag, der nicht grofRer ist als der Absolutwert des
zweiten Luminanzwerts, basierend auf dem Ver-
gleichsergebnis und der Luminanzwert-Austau-
schinformation, wobei die Vergleichseinrichtung
(37c) den ersten Luminanzwert auszugeben ver-
mag, wenn sie ein Vergleichsergebnis erhalt, dass
der erste Luminanzwert ein anderes Vorzeichen hat
als der zweite Luminanzwert, oder dass der erste
Luminanzwert das gleiche Vorzeichen hat wie der
zweite Luminanzwert und der Absolutwert des er-
sten Luminanzwerts grofer ist als der des zweiten
Luminanzwerts; und dass sie den zweiten Lumi-
nanzwert gegen den dritten Luminanzwert auf Basis
der Luminanzwert-Austauschinformation auszutau-
schen und den dritten Luminanzwert auszugeben
vermag, wenn sie ein Vergleichsergebnis erhalt,
dass der erste Luminanzwert das gleiche Vorzei-
chen hat wie das der zweiten Luminanz, und der
Absolutwert des ersten Luminanzwerts nicht gréer
ist als der des zweiten Luminanzwerts.

Ultraschall-Diagnosegerat nach einem der Anspri-
che 1-2, wobei die Vergleichseinrichtung (37¢) die
Dampfung des dritten Luminanzwerts bei zuneh-
mendem zweiten Luminanzwert zu verstarken ver-
mag, wenn der zweite Luminanzwert gegen den drit-
ten Luminanzwert auf Basis der Luminanzwert-Aus-
tauschinformation ausgetauscht wird.

Ultraschall-Diagnosegerat nach einem der vorange-
henden Anspriiche, ferner mit:

einer Lookup-Tabelle mit einer Vergleichstabel-
le zum Umwandeln des zweiten Luminanzwerts
in einen dritten Luminanzwert, der nicht gréRer
als der Absolutwert des zweiten Luminanzwerts
ist, wobei

die Vergleichseinrichtung (37c) entweder den
ersten Luminanzwert oder den dritten Lumi-
nanzwert auf Basis des Vergleichsergebnisses
und der Vergleichstabelle ausgibt.

Ultraschall-Diagnosegerat nach Anspruch 4, wobei
die in der Lookup-Tabelle enthaltene Vergleichsta-
belle als Giberschreibbare Datendatei konfiguriert ist.

Ultraschall-Diagnosegerat nach Anspruch 5, wobei
die Datendatei aus mehreren Datendateien zusam-
mengesetzt ist.

Revendications

1.

Appareil de ultrasons

comprenant :

diagnostic & (21),

un moyen d’émission/réception d’ultrasons (22)
pour émettre une impulsion ultrasonore pour gé-
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nérer un ultrason devant étre transmis d’'un
moyen de transduction d’ultrasons (12) jusqu’a
un sujet de test (101), et recevoir un signal
d’écho délivré en sortie du moyen de transduc-
tion d’ultrasons (12) sur la base de I'ultrason ré-
fléchi dans le sujet de test (101) ;

un moyen de détection de flux sanguin dynami-
que (35) pour calculer une valeur de détection
prédéterminée sur la base du flux sanguin dy-
namique dans le sujet de test (101) sur la base
du signal d’écho ; et

un moyen de conversion de valeur de luminance
(36) pour convertir la valeur de détection prédé-
terminée en une valeur de luminance ;

un moyen de remplacement de valeur de lumi-
nance (37d) pour conserver une information de
remplacement de valeur de luminance pour con-
vertir une valeur de luminance en une autre va-
leur de luminance ; et

un moyen de comparaison (37c¢) pour comparer
une premiere valeur de luminance dans une tra-
me avec une deuxiéme valeur de luminance
dans la trame précédant immédiatement la tra-
me, parmi des valeurs de luminance délivrées
en sortie du moyen de conversion de valeur de
luminance (36), dans lequel le moyen de com-
paraison (37c) est adapté a délivrer en sortie
soit la premiére valeur de luminance, soit une
troisiéme valeur de luminance, quin’est pas plus
grande que la valeur absolue de la deuxiéme
valeur de luminance, sur la base du résultat de
comparaison et de l'information de remplace-
ment de valeur de luminance,

caractérisé en ce que le moyen de comparaison
est adapté a délivrer en sortie la premiére valeur de
luminance al'obtention d’'un résultat de comparaison
dans lequel la premiére valeur de luminance est plus
grande que la deuxieme valeur de luminance, et a
remplacer la deuxiéme valeur de luminance par la
troisi€me valeur de luminance sur la base de I'infor-
mation de remplacement de valeur de luminance,
délivrant ainsi en sortie la troisieme valeur de lumi-
nance a l'obtention d’un résultat de comparaison
dans lequel la premiére valeur de luminance n’est
pas plus grande que la deuxiéme valeur de luminan-
ce.

Appareil de
comprenant :

diagnostic a ultrasons (21),

un moyen d’émission/réception d’ultrasons (22)
pour émettre une impulsion ultrasonore pour gé-
nérer un ultrason devant étre transmis d’'un
moyen de transduction d’'ultrasons (12) jusqu’a
un sujet de test (101), et recevoir un signal
d’écho délivré en sortie du moyen de transduc-
tion d’ultrasons (12) sur la base de I'ultrason ré-
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fléchi dans le sujet de test (101) ;

un moyen de détection de flux sanguin dynami-
que (35) pour calculer une valeur de détection
prédéterminée sur la base du flux sanguin dy-
namique dans le sujet de test (101) sur la base
du signal d’écho ; et

un moyen de conversion de valeur de luminance
(36) pour convertir la valeur de détection prédé-
terminée en une valeur de luminance ;

un moyen de remplacement de valeur de lumi-
nance (37d) pour conserver une information de
remplacementde valeur de luminance pour con-
vertir une valeur de luminance en une autre va-
leur de luminance ; et

un moyen de comparaison (37c) pour comparer
une premiere valeur de luminance dans une tra-
me avec une deuxiéme valeur de luminance
dans la trame précédant immédiatement la tra-
me, parmi des valeurs de luminance délivrées
en sortie du moyen de conversion de valeur de
luminance (36),

caractérisé en ce que le moyen de comparaison
(37c) est adapté a délivrer en sortie soit la premiére
valeur de luminance, soit une troisieéme valeur de
luminance, qui n’est pas plus grande que la valeur
absolue de la deuxiéme valeur de luminance, sur la
base du résultat de comparaison et de I'information
de remplacement de valeur de luminance, dans le-
quel le moyen de comparaison (37c) est adapté a
délivrer en sortie la premiere valeur de luminance a
I'obtention d’un résultat de comparaison dans lequel
la premiéere valeur de luminance a un signe différent
de celui de la deuxiéme valeur de luminance, ou que
la premiere valeur de luminance a le méme signe
que celui de la deuxieme valeur de luminance et que
la valeur absolue de la premiére valeur de luminance
est plus grande que celle de la deuxiéme valeur de
luminance ; et a remplacer la deuxiéme valeur de
luminance par la troisieme valeur de luminance sur
la base de I'information de remplacement de valeur
de luminance et délivrer en sortie la troisieme valeur
de luminance, a I'obtention d’un résultat de compa-
raison dans lequel la premiére valeur de luminance
a le méme signe que celui de la deuxiéme valeur de
luminance et que la valeur absolue de la premiére
valeur de luminance n’est pas plus grande que celle
de la deuxieme valeur de luminance.

Appareil de diagnostic a ultrasons selon I'une des
revendications 1 a 2, dans lequel le moyen de com-
paraison (37c) est adapté a augmenter I'atténuation
de la troisieme valeur de luminance lorsque la
deuxiéme valeur de luminance augmente lors du
remplacement de la deuxiéme valeur de luminance
par la troisieme valeur de luminance sur la base de
I'information de remplacement de valeur de luminan-
ce.
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4. Appareil de diagnostic a ultrasons selon une quel-
conque revendication précédente, comprenant en
outre :

une table de recherche incluant une table com- &
parative pour convertir la deuxieme valeur de
luminance en une troisiéme valeur de luminance
qui n’est pas plus grande que la valeur absolue
de la deuxieme valeur de luminance, dans le-
quel 10
le moyen de comparaison (37c) délivre en sortie
soit la premiére valeur de luminance, soit la troi-
siéme valeur de luminance sur la base du résul-
tat de comparaison et de la table comparative.

15
5. Appareil de diagnostic a ultrasons selon la revendi-
cation 4, dans lequel la table comparative conservée
dans la table de recherche est configurée pour étre
un fichier de données réinscriptible.
20
6. Appareil de diagnostic a ultrasons selon la revendi-
cation 5, dans lequel le fichier de données est cons-
titué d’une pluralité de fichiers de données.
25
30
35
40
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50
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