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An ultrasonic diagnostic apparatus according to the present
(73) Assignee: PANASONIC CORPORATION, invention includes: a transmitting and receiving section,
Osaka (JP) which drives a probe repeatedly to send out ultrasonic waves
toward a subject and which makes the probe receive reflected
echoes produced by having the ultrasonic waves reflected by
(21)  Appl. No.: 13/380,601 the subject, thereby generating received signals; a color flow
mapping signal processing section for sequentially generat-
(22) PCT Filed: Sep. 24,2010 ing, based on the received signals, blood flow velocity data
about a portion of each frame representing the blood flow of
(86) PCT No.: PCT/IP2010/005775 the subject; a persistence processing section for performing
persistence processing on the blood flow velocity data of each
§371 (©)(1), frame; a tomographic image signal processing section for
(2), (4) Date: Dec. 23,2011 generating B-mode tomographic image frame data based on
the received signals; and an image synthesizing section for
(30) Foreign Application Priority Data synthesizing together the persistence-processed blood flow
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velocity data and the B-mode tomographic image frame data.
The persistence processing section makes an aliasing deci-
sion based on the blood flow velocity data of the current frame
and the persistence-processed blood flow velocity data of an
earlier frame that precedes the current frame, and changes a
persistence coefficient dynamically according to a result of

(51) Inmt.Cl the aliasing decision and based on those blood flow velocity
AG6IB 8/14 (2006.01) data of the current and earlier frames.
115
1
‘_/“"’] z
| 105 ! /
| Veurrent [ ALIASING !
I DECISION I
! T* SECTION !
: 1 ,1% 107 !
' PERSISTENCE PERSISTENCE |
| | CORFFICIENT (€] COEFFICENT | |
| DETERMINING REFERENCE ‘
| SECTION MEMORY SECTION | |
101 102 103 ! 104 [mmmmm———mmm 4 113 114
ULTRASONIC|  [CFMSIGNAL| | [ FRAME |  [PERGISTENCE k! IMAGE
PROBE  TRANGMIFTING T PROCESSING >  MEMORY »COMPUTATION. || STMDSC ™ oynriiEgiy. (| DISPLAY
AND RECE|V- SECTION | V| SECTION > SECTION I'| SECTION ING SECTION|  |SECTION
ING SECTION ! =
! 108 || 110
PERSISTENCE] ' yout.1 |
1 ou
MEMORY !
; SECTION Vout |
| 0 ! 112
TOMOGRAPHIC] ~~~~~ T T T TTTTTTo -
Lo/ IMAGE SIGNAL ol TQHOSRARHIC
PREESNC SECTION




Apr. 26,2012 Sheet 1 of 5 US 2012/0101384 A1

Patent Application Publication

A 4

—

I 3

NOIRES
ONISSINON
WNSIS JOVAI
OHAYSSONOL
800 o
NOILDO3S |
AJONIW | |
JONTLSISYAd] |
|
|
NOILD3S |1 | NOILD3S
AJOWIN |4 {ONISSIO0N
ETLE| TYNDIS WA
$0b €0l

NOILD3S
—| 0SA IOV |
DIHIYES0NOL
Zll !
[
| [WoA
_ J-InoA
Okl g0l
N
NOILO3S| [NOWLOISONlle! | NOILD3S || NOILDIS |«
] -ZISTHLNAS “4INOILYLNANODl«
AV1dSIa Jovwl [« 9SAW m.VmozEm_mmma
VFF m—\F ml IIIIIIIIII ._ ZO_Howm
_ MO SN ONININSI 13
_ IN35I33300 | INFIOIFFIGO ||
| JONILSISH3d T 1IONILSISH3d
|
w 201 901 ﬂ
_ NOILD3S |«
| L] NOISIDAq
| ONISVITY [“Tuaunop
|
__

NN

3804d

1oL




Patent Application Publication  Apr. 26,2012 Sheet 2 of 5 US 2012/0101384 A1

FIG.2

Veurrent Veurrent

Vout Vout
+Y +V
-V v

Vout-1

Vour-1

FIG.3

Vth

Vmax Vzero

-Vmax

-Vth

b

b Cpersistence

Idx

Vth Vimax



US 2012/0101384 A1

Apr. 26,2012 Sheet 3 of 5

Patent Application Publication

NOILO3S
NOLLO3S ONISSINOU
— OSA IOVINI e WNOIS IOV [
DIHJYAD0NOL IHYHSONOL
/AN! P o e e e e | (A
| !
I |
| |NOILDIS AHOWAN NOTIOTS oA _
i EOINEISEEE!S! » ONININNFL3Q !
" INS[3144300 INIIOIHH4I00 [ _
Ul 3ONTLSISHS »| SONIISISHAd [ !
- ! aNOD3S aNOD3S soL |
AN | |a01 8901 7§ v/l
j NOILD3S L
IS | Chgingloo 1 Nonaw |
AYdSIa | NI e || 30N31SISNad i coL
t | g80} i 4
NOLLDIS | NOILO3S | 1| NOILD3S
ONIZISTHINAS|, | ~or o [ DSRRA™ WY IOddoY AHOWIN [« {ONISSTO0Nd
ELTTIN _ WANDN | ISR JAVES || | TYNDIS WD
_ vg0L~ % 0L | %
B Ok “ z%_w_omm JOLEY] NOLLO3S |
ONININHI 130 | NQILDO3S DNI
_ JONT3d3Y .| IN3IDI3430D U -AI3DIS aNY
I IN3IDI4430D > JONTISISHAd [ 3904d
| ONZISISHTS 15Ul 1S3 m oo?"mmw@w\ﬁw_?l
V.01 ¥901 R
N _ L Z0l S 10Ol
7 | NOILOZS |« JUSLNIA :
g " H e _
L-INOA .
| | FOIA
_ S0l |
O
v




Patent Application Publication  Apr. 26,2012 Sheet 4 of 5 US 2012/0101384 A1

FIG.5
A A
Vout Vout
+Y +V
> () > (
-V v
Vout-1
Vout-1
(a) (b)

FIG.6 \
(a) Vth

Vmax Vzero

-Vmax :

-Vih
(b) 4 Cpersistence
[dx1
0 Vith Vimax

4 Cpersistence

© | T
Idx2
0 Vth Vmax




US 2012/0101384 A1

Apr. 26,2012 Sheet 5 of 5

Patent Application Publication

oLy ~ 601
NOI1D3S
TYNOIS IOV
OIHdVIO0WOL OIHdYH9O0WO1
0¥ 70y
NOILD3S NOILDO3S NOILD3S NOILLO3S
ﬂ@_,_mwm__m ONIZISIHLNAS] M%mk_w,_ww | NOILYINANOD le—| AHOWIN [«—DNISSIDOHd
JOVII * FIONFLSISHEd JAVHS TYNDIS 4D
Ly (387 801 » » 0y
NOILD3S ONILL3S NOILD3S
INIIOIH4300 e ONISOOHD
AON3LSISHAd AHOWIAN INVHS
90¥ Gop

A

A

3804d

1017




US 2012/0101384 Al

ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus and more particularly relates to a technique
for processing a persistence involved with color flow map-

ping.
BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus sends out an
ultrasonic wave toward a subject, receives its reflected echo,
and then analyzes information included in the echo, thereby
generating an image representing the subject’s internal body
tissue. For example, blood flowing through a subject’s inter-
nal body tissue can also be represented as an image by so-
called “color flow mapping” (which will be sometimes abbre-
viated herein as “CFM”). And ultrasonic diagnostic
apparatuses that can indicate the blood flow status are used
extensively in the entire field of medical treatment in general.
[0003] Color flow mapping is also called “color Doppler
imaging (CDI)”, which uses the Doppler effect. When blood
flow is irradiated with an ultrasonic wave, its reflected echo
will have a Doppler shift, of which the magnitude changes
according to the velocity of the blood flow, due to the Doppler
effect. By collecting information about the Doppler shift by
orthogonal detection and subjecting that information to high-
pass filtering using a moving target indicator (MTI) filter,
autocorrelation processing and noise reduction processing,
information about the blood flow velocity can be obtained.
And if the blood flow velocity information thus obtained is
transformed into color information to be superimposed two-
dimensionally on a B-mode tomographic image, the status of
the blood flow inside the subject’s body can be seen by the
user.

[0004] The intensity of a received signal representing the
echo that has been reflected from blood flow is much less than
that of a received signal representing the echo that has been
reflected from a scatterer or boundary of'a tissue of interest for
use to generate a B-mode tomographic image. For that reason,
the blood flow velocity and the blood flow power (represent-
ing the rate of blood flowing) to be obtained by color flow
mapping signal processing tend to lose their stability.

[0005] Particularly if the region of interest has a low blood
flow velocity or is a peripheral vessel, the blood flow power
decreases so much that information about the blood flow
velocity or the blood flow power tends be lost very easily
during noise reduction processing to cut down only system
noise or acoustic noise. As a result, the resultant blood flow
image will have a blackout portion where the blood flow
should be displayed. For example, if the blood flow inside a
subject’s body needs to be displayed as an image at a rate of
several to several tens of frames per second, the blow flow
portion will be blacked out in some of those frames. In that
case, the blood flow portion will suddenly disappear from the
tomographic image, thus decreasing the smoothness of the
image or making the viewer sense unnaturalness.

[0006] To overcome such a problem, a conventional ultra-
sonic diagnostic apparatus that adopts a color flow mapping
technique usually makes temporal interpolation called “per-
sistence processing” in a late stage of signal processing. Here-
inafter, it will be described how the persistence processing is
carried out according to the conventional color flow mapping
technique disclosed in Patent Document No. 1.
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[0007] 1In the conventional ultrasonic diagnostic apparatus
shown in FIG. 7, an ultrasonic wave transmitting and receiv-
ing section 402 drives a probe 401, thereby sending out an
ultrasonic wave toward a subject, and also makes the probe
401 receive its reflected echo that has been produced by a
subject, thereby generating a received signal. If a B-mode
tomographic image needs to be generated, the ultrasonic
wave transmitting and receiving section 402 adopts a best
ultrasonic wave transmitting and receiving mode to generate
a B-mode tomographic image, and outputs a received signal
obtained to a tomographic image signal processing section
409. On the other hand, if a color flow mapping tomographic
image needs to be generated, the ultrasonic wave transmitting
and receiving section 402 adopts a best ultrasonic wave trans-
mitting and receiving mode to generate a color flow mapping
tomographic image, and outputs a received signal obtained to
acolor flow mapping signal processing section (which will be
referred to herein as a “CFM signal processing section”) 403.
Generally speaking, when a color flow mapping tomographic
image needs to be generated, the ultrasonic wave transmitting
and receiving section 402 transmits and receives ultrasonic
waves a number of times on the same acoustic line in order to
obtain a stabilized color flow mapping tomographic image.
[0008] The CFM signal processing section 403 performs
orthogonal detection, MTI filtering and autocorrelation pro-
cessing on the received signal, calculates the blood flow
velocity and the blood flow power, carries out noise reduction
processing to cut down system noise or acoustic noise, and
then outputs the blood flow velocity and the blood flow power
to a frame memory section 404.

[0009] The frame memory section 404 is implemented as a
ring buffer and stores the blood flow velocities and blood flow
powers of the current through N latest frames (where N an
integer that is equal to or greater than one) on a frame-by-
frame basis. As used herein, the “frame” refers to a group of
blood flow velocity data and a group of blood flow power data
that form one picture of CFM tomographic image.

[0010] A frame memory choosing section 405 instructs the
frame memory section 404 to choose a number of CFM
frames specified in advance from the frame memory section
404 and output the data of those frames to a persistence
computation section 407. Based on the CFM frame data
retrieved from the frame memory section 404 and a persis-
tence coefficient provided by a persistence coefficient setting
section 406, the persistence computation section 407 carries
out persistence computation and outputs the result to a CFM
DSC (digital scan converter) section 408. The persistence
computation is a simple weighting operation. And the persis-
tence coefficient provided by the persistence coefficient set-
ting section 406 is a fixed coefficient that has been set in
advance by the system.

[0011] The CFM DSC section 408 converts the CFM frame
data that has been provided by the persistence computation
section 407 and then outputs the converted data to an image
synthesizing section 411.

[0012] The tomographic image signal processing section
409 cuts down unwanted noise of the received signal by
subjecting it to dynamic filtering and then subjects the
received signal to envelope detection processing and dynamic
range compression processing, thereby outputting tomo-
graphic image frame data to a tomographic image DSC sec-
tion 410. In response, the tomographic image DSC section
410 converts the coordinates of the tomographic image frame
data that has been provided by the tomographic image signal
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processing section 409 and then outputs the converted data to
the image synthesizing section 411.

[0013] The image synthesizing section 411 synthesizes
together the frame data that has been provided by the CFM
DSC section 410 and the tomographic image DSC section
410 on a pixel-by-pixel basis, thereby generating synthesized
image frame data. Specifically, the image synthesizing sec-
tion 411 synthesizes together the two data either on a pixel-
by-pixel basis or on the basis of each pair of associated
measuring points so that if the blood flow velocity is zero,
tomographic image frame data is displayed but that the CFM
frame data is displayed otherwise. Also, the image synthesiz-
ing section 411 transforms the data into color information
according to the blood flow velocity or blood flowing direc-
tion and then outputs the color information thus obtained to a
display section 412, which displays the data provided by the
image synthesizing section 411.

CITATION LIST
Patent Literature

[0014] Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2-286140

SUMMARY OF INVENTION
Technical Problem

[0015] The conventional ultrasonic diagnostic apparatus
performs the persistence processing in order to prevent the
output of the CFM signal processing section 403 from losing
stability to cause a blackout on the blood flow displayed on
the monitor due to a low blood flow velocity or a low blood
flow power and due to their instability. Specifically, by using
a persistence coefficient with a higher priority given to the
past frame data rather than the current frame data being
obtained by scanning, a persistence effect is produced,
thereby minimizing generation of such a blackout in the
image.

[0016] Such a method, however, does not always work fine
in inspecting an artery with significantly changing blood flow
velocities. For example, the blood flowing through a carotid
artery changes its velocity steeply depending on whether the
heart is now dilating or contracting. Specifically, the blood
flow increases its velocity in the contraction phase for a very
short time with respect to one cardiac cycle and decreases its
velocity in the diastolic phase. On top of that, the difference
between the maximum and minimum blood flow velocities is
greater than in any other region to inspect. As a result, in the
diastolic phase, the blood flow velocity at the carotid artery
remains low for a relatively long time with respect to one
cardiac cycle and the CFM signal processing section 403
loses its stability.

[0017] To prevent such a blackout from being produced on
a blood flow image being displayed, the persistence coeffi-
cient is preferably defined so as to increase the persistence
effect through the persistence processing. Then, even if the
blood flow velocity is low, a moving picture can still be
displayed smoothly without causing any blackout. In that
case, however, no blood flow with high velocities can be
displayed in the contraction phase.

[0018] Ontop ofthat, the persistence processing performed
by conventional ultrasonic diagnostic apparatuses does not
always work fine when a peripheral blood vessel needs to be
inspected. For example, a thyroid, a liver, a kidney, and other
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organs have a peripheral vessel branching from the main
blood vessel. In inspecting any of these organs, it is very
important to understand what structure the peripheral blood
vessel has.

[0019] The variation in the rate of blood flowing through a
peripheral vessel with time is relatively moderate. However,
as that blood vessel is physically thin, its blood flow power
tends to be nmuch lower than that of the carotid artery or the
heart. Consequently, since the blood flow power is low, the
Doppler shift will lose its stability so much that the output of
the CFM signal processing section 403 will eventually lack
stability, too.

[0020] That is why unless the persistence processing is
carried out, the peripheral blood vessel will be sometimes
visible but sometimes invisible on the tomographic image,
thus making it difficult for the viewer to track it on the moving
picture. On the other hand, if the persistence processing is
carried out, the blood flowing through the peripheral blood
vessel will be smoothed out too much on the tomographic
image with time to keep the peripheral blood vessel visible
through the persistence processing. In that case, the periph-
eral blood vessel can be detected much less accurately.
[0021] It is therefore an object of the present invention to
provide an ultrasonic diagnostic apparatus that can accurately
sense any variation in blood flow even at any region to inspect
where the blood flow velocity changes significantly (such as
a carotid artery) and that can display a blood flow moving
picture smoothly without causing any blackout even at a low
blood flow velocity. Another object of the present invention is
to provide an ultrasonic diagnostic apparatus that can display
a moving picture on which even a blood vessel portion with
low blood flow power (such as a peripheral blood vessel) is
easily trackable.

Solution to Problem

[0022] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmitting and receiving sec-
tion, which drives a probe a number of times to send out
ultrasonic waves toward a subject and which makes the probe
receive reflected echoes that have been produced by having
the ultrasonic waves reflected by the subject, thereby gener-
ating multiple received signals one after another; a color flow
mapping signal processing section for sequentially generat-
ing, based on the received signals, blood flow velocity data
about a portion of each frame representing the blood flow of
the subject; a persistence processing section for performing
persistence processing on the blood flow velocity data of each
frame; a tomographic image signal processing section for
generating B-mode tomographic image frame data based on
the received signals; and an image synthesizing section for
synthesizing together the persistence-processed blood flow
velocity data and the B-mode tomographic image frame data.
The persistence processing section makes an aliasing deci-
sion based on the blood flow velocity data of the current frame
and the persistence-processed blood flow velocity data of an
earlier frame that precedes the current frame, and changes a
persistence coefficient dynamically according to a result of
the aliasing decision and based on those blood flow velocity
data of the current and earlier frames.

[0023] In one preferred embodiment, the ultrasonic diag-
nostic apparatus includes: a transmitting and receiving sec-
tion, which drives a probe a number of times to send out
ultrasonic waves toward a subject and which makes the probe
receive reflected echoes that have been produced by having
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the ultrasonic waves reflected by the subject, thereby gener-
ating multiple received signals one after another; a color flow
mapping signal processing section for sequentially generat-
ing, based on the received signals, blood flow velocity data
about a portion of each frame representing the blood flow of
the subject; a persistence processing section for performing
persistence processing onthe blood flow velocity data of each
frame; a tomographic image signal processing section for
generating B-mode tomographic image frame data based on
the received signals; and an image synthesizing section for
synthesizing together the persistence-processed blood flow
velocity data and the B-mode tomographic image frame data.
The persistence processing section includes: a first memory
section for storing the blood flow velocity data of the current
frame; a second memory section for storing the persistence-
processed blood flow velocity data of the earlier frame that
precedes the current frame; an aliasing decision section for
making an aliasing decision by retrieving the respective blood
flow velocity data from the first and second memory sections;
a persistence coefficient determining section for determining
the persistence coefficient based on a result of the aliasing
decision and on the blood flow velocity data that is stored in
the first memory section; and a persistence computation sec-
tion for performing a persistence computation on the blood
flow velocity data that is stored in the first memory section
using the persistence coefficient based on the result of the
aliasing decision and outputting a result of the computation as
the persistence-processed blood flow velocity data.

[0024] Inthis particular preferred embodiment, by compar-
ing the respective blood flow velocity data that are stored in
the first and second memory sections to multiple threshold
values, the aliasing decision section determines whether or
not aliasing has occurred and whether or not the blood flow
velocity data of the current frame is in an aliasing region.
[0025] Ina specific preferred embodiment, the persistence
processing section further includes a third memory section
that stores a table of reference including persistence coeffi-
cients with two or more different values that are associated
with the blood flow velocity values.

[0026] In a more specific preferred embodiment, in the
table of reference, a persistence coefficient with a constant
value is associated with blood flow velocities, of which the
values are equal to or greater than a predetermined value.
[0027] Inyetanother preferred embodiment, the ultrasonic
diagnostic apparatus includes: a transmitting and receiving
section, which drives a probe a number of times to send out
ultrasonic waves toward a subject and which makes the probe
receive reflected echoes that have been produced by having
the ultrasonic waves reflected by the subject, thereby gener-
ating multiple received signals one after another; a color flow
mapping signal processing section for sequentially generat-
ing, based on the received signals, blood flow velocity data
about a portion of each frame representing the blood flow of
the subject; a persistence processing section for performing
persistence processing on the blood flow velocity data of each
frame; a tomographic image signal processing section for
generating B-mode tomographic image frame data based on
the received signals; and an image synthesizing section for
synthesizing together the persistence-processed blood flow
velocity data and the B-mode tomographic image frame data.
The persistence processing section includes: a first memory
section for storing the blood flow velocity data of the current
frame; a second memory section for storing the persistence-
processed blood flow velocity data of the earlier frame that
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precedes the current frame; an aliasing decision section for
making an aliasing decision by retrieving the respective blood
flow velocity data from the first and second memory sections;
a first persistence coefficient determining section for deter-
mining a first persistence coefficient based on a result of the
aliasing decision and on the blood flow velocity data that is
stored in the first memory section; a first persistence compu-
tation section for performing a persistence computation on
the blood flow velocity data that is stored in the first memory
section using the first persistence coefficient based on the
result of the aliasing decision; a second persistence coeffi-
cient determining section for determining a second persis-
tence coeflicient based on the result of the aliasing decision
and on the blood flow velocity data that is stored in the second
memory section; a second persistence computation section
for performing a persistence computation on the blood flow
velocity data that is stored in the first memory section using
the second persistence coefficient based on the result of the
aliasing decision; and a maximum value choosing section for
comparing the two absolute values of the computational
results provided by the first and second persistence compu-
tation sections to each other and outputting the greater one of
the two absolute values as the persistence-processed blood
flow velocity data.

[0028] Inthis particular preferred embodiment, by compar-
ing the respective blood flow velocity data that are stored in
the first and second memory sections to multiple threshold
values, the aliasing decision section determines whether or
not aliasing has occurred and whether or not the blood flow
velocity data of the current frame is in an aliasing region.

[0029] In another preferred embodiment, the persistence
processing section further includes: a third memory section
that stores a first table of reference including a first set of
persistence coefficients with two or more different values that
are associated with the blood flow velocity values; and a
fourth memory section that stores a second table of reference
including a second set of persistence coefficients with two or
more different values that are associated with the blood flow
velocity values.

[0030] In a specific preferred embodiment, even if one of
the persistence coefficients of the first set and one of the
persistence coefficients of the second set, which are stored in
the first and second tables of reference, respectively, are asso-
ciated with the same blood flow velocity value, those two
persistence coefficients have mutually different values.

[0031] Inanother preferred embodiment, in the first table of
reference, a persistence coefficient with a constant value is
associated with blood flow velocities, of which the values are
equal to or greater than a predetermined value.

[0032] In yet another preferred embodiment, the persis-
tence-processed blood flow velocity data of the earlier frame
that precedes the current frame belongs to the previous frame.

Advantageous Effects of Invention

[0033] According to the present invention, an aliasing deci-
sion is made based on the respective blood flow velocity data
of the current frame and an earlier frame that precedes the
current frame, and changes a persistence coefficient dynami-
cally according to a result of the aliasing decision and based
on the blood flow velocity data of the current frame. Conse-
quently, the present invention provides an ultrasonic diagnos-
tic apparatus that can accurately sense any variation in blood
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flow and that can display a blood flow moving picture
smoothly without causing any blackout even at a low blood
flow velocity.

[0034] In addition, according to the present invention, two
persistence-processed blood flow velocities are obtained
using two persistence coefficients that have been determined
based on the respective blood flow velocity data of the current
and earlier frames, and one of the two blood flow velocities
that has the greater absolute value is chosen and used to
display a blood, flow image. As a result, even the blood
flowing through a peripheral blood vessel, where the blood
flow power will often lose its stability, can be displayed
constantly without flickering. And a blood flow moving pic-
ture can be displayed consistently without letting an overly
smoothed blood, flowing through the peripheral blood vessel,
disappear from the screen.

BRIEF DESCRIPTION OF DRAWINGS

[0035] FIG.1is ablock diagram illustrating a first preferred
embodiment of an ultrasonic diagnostic apparatus according
to the present invention.

[0036] FIGS. 2(a) and 2(b) are schematic representations
showing how to make an aliasing decision when a persistence
computation is performed on blood flow velocity data using a
persistence coefficient according to the first preferred
embodiment.

[0037] FIG. 3(a) is a schematic representation showing
how to make an aliasing decision according to the first pre-
ferred embodiment, and FIG. 3(5) is a graph showing the
relation satisfied by the data of a table of reference.

[0038] FIG. 4 is a block diagram illustrating a second pre-
ferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

[0039] FIGS. 5(a) and 5(b) are schematic representations
showing how to make an aliasing decision when a persistence
computation is performed on blood flow velocity data using a
persistence coefficient according to the second preferred
embodiment.

[0040] FIG. 6(a) is a schematic representation showing
how to make an aliasing decision according to the second
preferred embodiment, and FIGS. 6(b) and 6(c) are graphs
showing the relations satisfied by the data of first and second
tables of reference.

[0041] FIG.7isablock diagram illustrating a conventional
ultrasonic diagnostic apparatus.

DESCRIPTION OF EMBODIMENTS
Embodiment 1

[0042] Hereinafter, a first preferred embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described with reference to the accompany-
ing drawings. FIG. 1 is a block diagram illustrating a first
preferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention. The ultrasonic diagnostic
apparatus 11 shown in FIG. 1 includes a probe 101, an ultra-
sonic wave transmitting and receiving section 102, a CFM
signal processing section 103, a persistence processing 115, a
tomographic image signal processing section 111, a CFM
DSC section 110, a tomographic image DSC section 112, an
image synthesizing section 113, and a display section 114.
Among these components, the probe 101 and the display
section 114 may be general-purpose ones and may be omitted
from this ultrasonic diagnostic apparatus 11.
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[0043] The ultrasonic wave transmitting and receiving sec-
tion 102 generates a drive signal to drive the probe 101 and
outputs the signal to the probe 101, thereby sending out an
ultrasonic wave from the probe 101 toward a subject. Also,
the ultrasonic wave transmitting and receiving section 102
makes the probe 101 receive reflected echoes, which have
been produced by having the transmitted ultrasonic wave
reflected by the subject, thereby generating a received signal.
More specifically, the probe 101 is made up of multiple piezo-
electric transducers. And this ultrasonic wave transmitting
and receiving section 102 drives the probe 101 while control-
ling the delays caused by those piezoelectric transducers so
that the ultrasonic wave sent out by each of those piezoelectric
transducers defines a single ultrasonic beam and that the
subject is scanned with a number of such ultrasonic beams.
Those reflected echoes are received by the respective piezo-
electric transducers and the ultrasonic wave transmitting and
receiving section 102 controls the delays caused by the
respective piezoelectric transducers, thereby generating
received signals that are associated with the respective ultra-
sonic beams transmitted. In this case, every time the subject is
scanned with an ultrasonic beam, data for one frame can be
obtained. And by repeatedly transmitting and receiving ultra-
sonic waves several to several tens of times a second, several
to several tens of frames of received signals are generated one
after another per second.

[0044] The ultrasonic diagnostic apparatus 11 of this pre-
ferred embodiment generates a B-mode tomographic image
and a color flow mapping image, synthesizes these two
images together, and then displays the synthetic image on the
display section 114. Thus, the ultrasonic wave transmitting
and receiving section 102 transmits and receives ultrasonic
waves both in order to generate the B-mode tomographic
image and to generate the color flow mapping image. The
B-mode tomographic image and the color flow mapping
image may or may not be displayed at the same frame rate
(i.e., may or may not have the same number of frames to
display per second). If these two kinds of images have the
same frame rate, ultrasonic waves may be alternately trans-
mitted and received to generate a B-mode tomographic image
and to generate a color flow mapping image.

[0045] In generating a B-mode tomographic image, the
ultrasonic wave transmitting and receiving section 102 con-
trols its mode of transmitting and receiving ultrasonic waves
appropriately so as to generate the B-mode tomographic
image as intended and outputs a received signal obtained to
the tomographic image signal processing section 111. On the
other hand, in generating a color flow mapping tomographic
image, the ultrasonic wave transmitting and receiving section
102 controls its mode of transmitting and receiving ultrasonic
waves appropriately so as to generate the color flow mapping
tomographic image as intended and outputs a received signal
obtained to the CFM signal processing section 103. In gen-
eral, when a color flow mapping tomographic image needs to
be generated, the ultrasonic wave transmitting and receiving
section 102 repeatedly transmits and receives ultrasonic
waves a number of times along the same acoustic line to
generate a color flow mapping tomographic image with good
stability.

[0046] The CFM signal processing section 103 performs
orthogonal detection processing, MTI filtering and autocor-
relation processing on the received signal to calculate a blood
flow velocity and a blood flow power, and then carries out
noise reduction processing to cut down either system noise or
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acoustic noise. The CFM frame data includes at least blood
flow velocity data but may also include blood flow power data
and blood flow velocity variance data as well. The CFM
signal processing section 103 repeatedly performs this pro-
cessing on each of the received signals that form respective
frames one after another. The CFM frame data generated by
the CFM signal processing section 103 is output to the per-
sistence processing section 115 on a frame-by-frame basis.
[0047] The persistence processing section 115 performs
persistence processing On the CFM frame data on a frame-
by-frame basis using a persistence coefficient. The ultrasonic
diagnostic apparatus 11 of this preferred embodiment deter-
mines the persistence coefficient by the blood flow velocity of
the current frame. That is to say, the persistence coefficient is
not a constant value but is a dynamic value that is variable
according to the blood flow velocity of the current frame.
Consequently, the persistence coefficient can be changed, and
the persistence effect can be controlled, according to the
blood flow velocity. To present the blood flow as a moving
picture, however, ultrasonic waves need to be transmitted and
received with a pulse Doppler system. That is why the mea-
surable blood flow velocity is restricted by the pulse repeti-
tion frequency (PRF). As a result, aliasing will occur in the
blood flow velocity, thus making it difficult to estimate the
blood flow velocity accurately.

[0048] To determine whether aliasing has occurred or not,
the ultrasonic diagnostic apparatus 11 of this preferred
embodiment uses the respective blood flow velocity data of
the current frame and the previous frame. For that purpose,
the persistence processing section 115 includes a frame
memory section (corresponding to the “first memory sec-
tion™) 104, an aliasing decision section 105, a persistence
coefficient determining section 106, a persistence coefficient
reference memory section (corresponding to the “third
memory section”) 107, a persistence computation section
108, and a persistence memory section (corresponding to the
“second memory section”) 109.

[0049] The frame memory section 104 stores the CFM
frame data of the current frame representing the current scan.
The persistence memory section 109 stores the CFM frame
data of the previous frame that has been calculated and pro-
vided by the persistence computation section 108. The CFM
frame data in the persistence memory section 109 has already
been subjected to the persistence processing. In the following
description, the blood flow velocity data of the CFM frame
data that are stored in the frame memory section 104 and the
persistence memory section 109 will be identified herein by
Veurrent and Vout-1, respectively.

[0050] Thealiasing decisionsection 105 retrieves the blood
flow velocity data Veurrent and Vout-1 of the CFM frame
data from the frame memory section 104 and the persistence
memory section 109, respectively, and makes an aliasing
decision based on those data. Specifically, the aliasing deci-
sion section 105 compares the blood flow velocity data Veur-
rent and Vout-1 to multiple threshold values to determine
whether or not aliasing has occurred and whether or not the
blood flow velocity data Veurrent is inan aliasing region. And
the aliasing decision section 105 outputs the results to the
persistence coefficient determining section 106 and the per-
sistence computation section 108.

[0051] Based on the two decision results provided by the
aliasing decision section 105 and on the blood flow velocity
data Vcurrent that has been retrieved from the frame memory
section 104, the persistence coefficient determining section
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106 makes a reference index to the persistence coefficient
reference memory section 107. Also, the persistence coeffi-
cient determining section 106 accesses the persistence coef-
ficient reference memory section 107 to retrieve a persistence
coefficient that is associated with the reference index and set
the persistence coefficient with respect to the persistence
computation section 108. In the persistence coefficient refer-
ence memory section 107, stored in advance is a table of
reference of persistence coefficients that are associated with
the blood flow velocity values. This table of reference
includes at least two different values of persistence coeffi-
cients that are associated with blood flow velocity values.
[0052] Basedonthe persistence coefficient that has been set
by the persistence coefficient determining section 106 and on
the results of aliasing decision made by the aliasing decision
section 105, the persistence computation section 108 per-
forms a persistence computation represented by the following
Equation (1) on the blood flow velocity data. Supposing the
persistence-processed blood flow velocity data that has been
obtained through the persistence computation is identified by
Vout and the persistence coefficient is identified by Cpersis-
tence (where O<Cpersistence<1), the persistence-processed
blood flow velocity data is calculated by the following Equa-
tion (1):

Vout=(1-Cpersistence)x Veurrent+Cpersistencex

Vout-1 (1)
[0053] If the CFM frame data includes data other than the
blood flow velocity data, the persistence computation is per-
formed using the respective data of the current and previous
frames and the persistence coefficient Cpersistence calcu-
lated, thereby obtaining persistence-processed data.
[0054] If the result of the aliasing decision that has been
made by the aliasing decision section 105 is true, then Equa-
tion (1) is treated as an unsigned arithmetic. On the other
hand, if the result of the aliasing decision is false, then Equa-
tion (1) is treated as a signed arithmetic.
[0055] Since the measurement is supposed to be made
using a pulse wave as described above, the blood flow veloc-
ity that can be measured directly with the Doppler shift is
restricted by the pulse repetition frequency (PRF). Specifi-
cally, when aliasing occurs, blood flows, of which the veloci-
ties carrespond to a frequency variation of more than +PRF/2,
are recognized by mistake as reverse blood flows.
[0056] FIGS. 2(a) and 2(b) show the relation between the
respective magnitudes of the persistence-processed blood
flow velocity data Vout, the blood flow velocity data Veurrent
of the current frame, and the blood flow velocity data Vout-1
of the previous frame that has been provided by the persis-
tence computation section 108. In FIGS. 2(a) and 2(b), the
first quadrant on the axis of abscissas indicates a situation
where the velocity V is zero, while the second quadrant
thereof indicates a situation where the velocity V is either +V
or -V. That is to say, a positive velocity V is located in the first
or second quadrant, while a negative velocity V is located in
the third or fourth quadrant.
[0057] For example, if Vcurrent and Vout-1 are located in
the second and third quadrants, respectively, and if it has been
determined that aliasing has occurred as shown in FIG. 2(a),
Vout-1 actually becomes greater than a blood flow velocity
corresponding to +PRF/2. That is why this is an arithmetic
that does not cross zero, i.e., an unsigned arithmetic. For that
reason, Veurrent and Vout-1 may have their signs (+ or -)
removed and their absolute values may be substituted into
Equation (1) to make the arithmetic.
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[0058] On the other hand, if Vcurrent and Vout-1 are
located in the first and fourth quadrants, respectively. and if it
has been determined that no aliasing has occurred as shown in
FIG. 2(b), then Equation (1) is an arithmetic that does cross
zero, i.e., a signed arithmetic. For that reason, Vcurrent and
Vout-1 with signs may be substituted into Equation (1) to
make the arithmetic. This arithmetic is performed on each
pixel or measuring point of one frame of the blood flow
velocity data. Also, if aliasing has occurred, Vout obtained as
the result of the arithmetic becomes an unsigned value. In that
case, if the most significant bit of the blood flow velocity data
Vout is treated as a sign, Vout can be output as a signed value
to the CFM DSC section 110 and the persistence memory
section 109.

[0059] The CFM DSC section 110 converts the coordinates
of the blood flow velocity data provided by the persistence
computation section 108 and outputs the result to the image
synthesizing section 113.

[0060] The tomographic image signal processing section
409 cuts down unwanted noise of the received signal by
subjecting it to dynamic filtering and then subjects the
received signal to envelope detection processing and dynamic
range compression processing, thereby outputting tomo-
graphic image frame data to a tomographic image DSC sec-
tion 410. In response, the tomographic image DSC section
410 converts the coordinates of the tomographic image frame
data that has been provided by the tomographic image signal
processing section 409 and then outputs the converted data to
the image synthesizing section 411.

[0061] The image synthesizing section 411 synthesizes
together the frame data that has been provided by the CFM
DSC section 410 and the tomographic image DSC section
410 either on a pixel-by-pixel basis or on the data of each pair
of associated measuring points, thereby generating synthe-
sized image frame data. Specifically, the image synthesizing
section 411 synthesizes together the two data either on a
pixel-by-pixel basis or on the basis of each pair of associated
measuring points so that if the blood flow velocity is zero,
tomographic image frame data is displayed but that the CPM
frame data is displayed otherwise. Also, the image synthesiz-
ing section 411 transforms the data into color information
according to the blood flow velocity or blood flowing direc-
tion and then outputs the color information thus obtained to a
display section 412, which displays the data provided by the
image synthesizing section 411.

[0062] Next, it will be described in further detail how to
determine the persistence coefficient. In order to determine
the persistence coefficient, first, the aliasing decision section
105 needs to determine whether or not aliasing has occurred
in the blood flow velocity.

[0063] Thealiasing decisionsection 105 retrieves theblood
flow velocity data Vcurrent of the current CFM frame data
from the frame memory section 104 and the blood flow veloc-
ity data Vout-1 of the CFM frame data of the previous frame
that has been calculated by the persistence computation sec-
tion 108 from the persistence memory section 109, respec-
tively. Then, based on the Vcurrent and Vout-1 values, the
aliasing decision section 105 determines:

[0064]
[0065] 2.whether ornot Veurrentis located in an aliasing
region.
[0066] These two decisions are made by comparing Veur-
rent and Vout-1 to a predetermined threshold value. Specifi-

1. whether or not aliasing has occurred, and
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cally, Vcurrent, Vout-1 and a zero blood flow velocity Vzero
are compared to a threshold value Vth.

TABLE 1
Entered
Aliasing aliasing
Condition occurred? region?
(0) If Vewrent <- Vth and Vout -1 >0 YES YES
(1) If Veurrent > Vth and Vout - 1 <0 YES YES
(2) If Vout - 1 <- Vth and Veurrent >0 YES NO
(3) If Vout - 1 >Vth and Veurrent <0 YES NO
(4) Otherwise NO NO

[0067] FIG. 3(a) shows the relation between the respective
magnitudes of the threshold value Vith, the zero blood flow
velocity Vzero, Veurrent and Vout-1. In FIG. 3(a), the first
quadrant on the axis of abscissas indicates a situation where
the blood flow velocity V is the zero blood flow velocity
Vzero, while the second quadrant thereof indicates a situation
where the velocity V is either Vmax or —Vmax. That is to say,
apositive velocity V is located in the first or second quadrant,
while a negative velocity V is located in the third or fourth
quadrant.

[0068] Inthiscase, Vthand —Vth are set to be the maximum
expected variation in blood flow velocity in a time interval
between two consecutive frames.

[0069] Table 1 summarizes the condition to be examined by
the aliasing decision section 105 and its decision results.
[0070] IfVout-1 is positive (i.e., if Condition (0) is satis-
fied), the maximum expected variation in blood flow velocity
will be either Vth or —Vth. That is why Vcurrent is never less
than -Vth. For that reason, as long as Vcurrent<-Vth is
satisfied, Vcurrent is actually a greater value than the maxi-
mum blood flow velocity Vmax corresponding to +PRF/2.
Consequently, it is determined that aliasing has occurred and
that Veurrent is in the aliasing region. Condition (1) is set by
inverting the signs of Condition (0).

[0071] On the other hand, if Vout-1 is less than -Vth (i.e.,
if Condition (2) is satisfied), a positive Vcurrent value means
that the variation in blood flow velocity that has occurred
exceeds the maximum expected variation in blood flow veloc-
ity. That is why it is determined that aliasing has occurred.
Also, since Vcurrent falls within the +Vth range with Vzero
interposed between them, Vcurrent is not in the aliasing
region. Condition (3) is set by inverting the signs of Condition
@)

[0072] And if none of these Conditions (0) through (3) are
satisfied, then it is determined that no aliasing has occurred
and that Vcurrent is not located in the aliasing region.
[0073] Based on the two decision results provided by the
aliasing decision section 105 and on the absolute value of the
blood flow velocity data Veurrent that has been retrieved from
the frame memory section 104, the persistence coefficient
determining section 106 makes a reference index to the per-
sistence coefficient reference memory section 107. The ref-
erence indices made are shown in the following Table 2:
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TABLE 2
Entered
Aliasing aliasing Reference
Condition occurred? region? index (Idx)
(o) YES YES Vmax
48] YES YES Vmax
2) YES NO Abs (Veurrent)
(3) YES NO Abs (Veurrent)
4) NO NO Abs (Veurrent)
[0074] If aliasing has occurred and if Veurrent is in the

aliasing region, the blood flow velocity Vcurrent should actu-
ally be even greater than Vmax or —Vmax. That is why the
reference index becomes Vmax in that case. Otherwise, the
reference index becomes the absolute value Abs(Vcurrent) of
Vcurrent.

[0075] Inthe persistence coefficient reference memory sec-
tion 107, stored in advance is a table of reference of persis-
tence coefficients that are associated with the reference indi-
ces. Also, the persistence coefficient determining section 106
accesses the persistence coefficient reference memory sec-
tion 107 to retrieve a persistence coefficient that is associated
with the reference index made and output it to the persistence
computation section 108.

[0076] FIG. 3(b) is a graph showing an exemplary correla-
tion between the reference index and the persistence coeffi-
cient. InFIG. 3(%), the abscissa represents the reference index
and the ordinate represents the persistence coefficient. As
shown in Table 2, the reference index is either Vmax or the
absolute value Abs(Vcurrent) of Vcurrent. If the absolute
value of Veurrent is equal to or smaller than the threshold
value Vth, its associated persistence coefficient Cpersistence
is defined so as to decrease monotonically as Vcurrent
increases. In other words, ifthe absolute value of Vcurrent is
equal to or smaller than the threshold value Vth, its associated
persistence coefficient Cpersistence varies according to the
blood flow velocity Veurrent of the current frame. That is why
if the blood flow velocity Vcurrent of the current frame is low,
then the persistence coeflicient Cpersistence is large. That is
to say, the weight added to the blood flow velocity Vout-1 of
the previous frame increases. As a result, if the blood flow
velocity Veurrent of the current frame is low, a blood flow
velocity Vout, which depends heavily on the blood flow
velocity Vout=1 of the previous frame, is determined and
displayed on the display section 114. Consequently, the color
flow mapping image changes smoothly and blackout arises
much less often.

[0077] On the other hand, if the blood flow velocity Veur-
rent of the current frame is high, then the persistence coeffi-
cient Cpersistence is small. That s to say, the weight added to
the blood flow velocity Vout-1 of the previous frame
decreases. As a result, if the blood flow velocity Vcurrent of
the current frame is high, the influence of the blood flow
velocity Vout-1 of the previous frame decreases. Conse-
quently, a color flow mapping image, representing a steep
increase in blood flow velocity in real time, is realized.
[0078] Furthermore, as Vcurrent increases, the persistence
coefficient Cpersistence decreases monotonically. That is
why if the blood flow velocity increases with time, the per-
sistence coeflicient Cpersistence decreases, the persistence
effect declines, and the color flow mapping image changes
more dramatically. On the other hand, if the blood flow veloc-
ity decreases with time, the persistence coefficient Cpersis-
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tence increases, so does the persistence effect, and the color
flow mapping image changes more gently.

[0079] Also, as can be seen from Tables 1 and 2, even if
Veurrent<-Vth but if Vout-1>0, then the reference index
becomes Vmax (i.e., Condition (0) is satisfied). Meanwhile, if
Vout-1<0, then the reference index becomes the absolute
value Abs(Vcurrent) of Veurrent (i.e., Condition (4) is satis-
fied). That is why even if Veurrent<-Vth is satisfied, both the
reference index and the persistence coefficient Cpersistence
change depending on whether Vout-1 is positive or negative.
Consequently, even if both of two adjacent regions satisfy
Veurrent<-Vth, the color flow mapping image displayed
changes its colors according to the sign of Vout-1. As a result,
the image displayed comes to have portions where the color
tone changes discontinuously.

[0080] To avoid displaying such an unnatural image, if the
absolute value of Vcurrent is equal to or greater than the
threshold value Vth, then it is preferred that every reference
index be associated with a persistence coefficient Cpersis-
tence of the same value. In that case, even a blood flow region
where aliasing has occurred and its surrounding regions can
also be displayed as natural images.

[0081] As described above, the ultrasonic diagnostic appa-
ratus of this preferred embodiment determines a persistence
coeflicient for the CFM frame data dynamically according to
the blood flow velocity and the status of aliasing, and then
performs the persistence computation. As a result, this ultra-
sonic diagnostic apparatus can accurately sense any variation
in blood flow even at any region to inspect where the blood
flow velocity changes significantly (such as a carotid artery)
and can display a blood flow moving picture smoothly with-
out causing any blackout even at a low blood flow velocity.
[0082] In the preferred embodiment described above, the
persistence coefficient is supposed to be determined dynami-
cally according to the blood flow velocity of the CFM frame
data and perform the persistence computation on the blood
flow velocity. However, the persistence computation may also
be performed on other data of the CFM frame data (such as
the blood flow power data described above). Or the persis-
tence computation could also be performed on B-mode tomo-
graphic image data.

[0083] Also, in the preferred embodiment described above,
the persistence processing is supposed to be carried out using
the respective blood flow velocity data of the current frame
and the previous frame. However, this is just an example of
the present invention. Alternatively, the persistence process-
ing may also be carried out using the blood flow velocity data
of the frame before the previous frame or an even earlier
frame. Furthermore, the persistence processing does not
always have to be performed using Equation (1) but may also
be performed using any other equation.

Embodiment 2

[0084] Hereinafter, a second preferred embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described with reference to the accompany-
ing drawings. FIG. 4 is a block diagram illustrating a second
preferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention. The ultrasonic diagnostic
apparatus 12 shown in FIG. 4 includes a probe 101, an ultra-
sonic wave transmitting and receiving section 102, a CFM
signal processing section 103, a persistence processing 115',
a tomographic image signal processing section 111, a CFM
DSC section 110, a tomographic image DSC section 112, an
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image synthesizing section 113, and a display section 114.
Among these components, the probe 101 and the display
section 114 may be general-purpose ones and may be omitted
from this ultrasonic diagnostic apparatus 12.

[0085] As already described for the first preferred embodi-
ment, the ultrasonic wave transmitting and receiving section
102 generates a drive signal to drive the probe 101 and outputs
the signal to the probe 101, thereby sending out an ultrasonic
wave from the probe 101 toward a subject. Also, the ultra-
sonic wave transmitting and receiving section 102 makes the
probe 101 receive reflected echoes, which have been pro-
duced by having the transmitted ultrasonic wave reflected by
the subject, thereby generating a received signal. More spe-
cifically, the probe 101 is made up of multiple piezoelectric
transducers. And this ultrasonic wave transmitting and receiv-
ing section 102 drives the probe 101 while controlling the
delays caused by those piezoelectric transducers so that the
ultrasonic wave sent out by each of those piezoelectric trans-
ducers defines a single ultrasonic beam and that the subject is
scanned with a number of such ultrasonic beams. Those
reflected echoes are received by the respective piezoelectric
transducers and the ultrasonic wave transmitting and receiv-
ing section 102 controls the delays caused by the respective
piezoelectric transducers, thereby generating received signals
that are associated with the respective ultrasonic beams trans-
mitted. In this case, every time the subject is scanned with an
ultrasonic beam, data for one frame can be obtained. And by
repeatedly transmitting and receiving ultrasonic waves sev-
eral to several tens of times a second, several to several tens of
frames of received signals are generated one after another per
second.

[0086] The ultrasonic diagnostic apparatus 12 of this pre-
ferred embodiment generates a B-mode tomographic image
and a color flow mapping image, synthesizes these two
images together, and then displays the synthetic image on the
display section 114. Thus, the ultrasonic wave transmitting
and receiving section 102 transmits and receives ultrasonic
waves both in order to generate the B-mode tomographic
image and to generate the color flow mapping image. The
B-mode tomographic image and the color flow mapping
image may or may not be displayed at the same frame rate
(i.e., may or may not have the same number of frames to
display per second). If these two kinds of images have the
same frame rate, ultrasonic waves may be alternately trans-
mitted and received to generate a B-mode tomographic image
and to generate a color flow mapping image.

[0087] In generating a B-mode tomographic image, the
ultrasonic wave transmitting and receiving section 102 con-
trols its mode of transmitting and receiving ultrasonic waves
appropriately so as to generate the B-mode tomographic
image as intended and outputs a received signal obtained to
the tomographic image signal processing section 111. On the
other hand, in generating a color flow mapping tomographic
image, the ultrasonic wave transmitting and receiving section
102 controls its mode of transmitting and receiving ultrasonic
waves appropriately so as to generate the color flow mapping
tomographic image as intended and outputs a received signal
obtained to the CFM signal processing section 103. In gen-
eral, when a color flow mapping tomographic image needs to
be generated, the ultrasonic wave transmitting and receiving
section 102 repeatedly transmits and receives ultrasonic
waves a number of times along the same acoustic line to
generate a color flow mapping tomographic image with good
stability.
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[0088] The CFM signal processing section 103 performs
orthogonal detection processing, MTI filtering and autocor-
relation processing on the received signal to calculate a blood
flow velocity and a blood flow power, and then carries out
noise reduction processing to cut down either system noise or
acoustic noise. The CFM frame data includes at least blood
flow velocity data but may also include blood flow power data
and blood flow velocity variance data as well. The CFM
signal processing section 103 repeatedly performs this pro-
cessing on each of the received signals that form respective
frames one after another. The CFM frame data generated by
the CFM signal processing section 103 is output to the per-
sistence processing section 115' on a frame-by-frame basis.

[0089] The persistence processing section 115' performs
persistence processing on the CFM frame data on a frame-
by-frame basis using a persistence coefficient. The ultrasonic
diagnostic apparatus 12 of this preferred embodiment deter-
mines the persistence coefficient by the blood flow velocity.
That is to say, the persistence coefficient is not a constant
value but is a dynamic value that is variable according to the
blood flow velocity. Consequently, the persistence coefficient
can be changed, and the persistence effect can be controlled,
according to the blood flow velocity. To present the blood
flow as a moving picture, however, ultrasonic waves need to
be transmitted and received with a pulse Doppler system.
That is why the measurable blood flow velocity is restricted
by the pulse repetition frequency (PRF). As a result, aliasing
will occur in the blood flow velocity, thus making it difficult
to estimate the blood flow velocity accurately.

[0090] To determine whether aliasing has occurred or not,
the ultrasonic diagnostic apparatus 12 of this preferred
embodiment uses the respective blood flow velocity data of
the current frame and the previous frame. For that purpose,
the persistence processing section 115" includes two persis-
tence computation sections for performing simultaneously a
first persistence computation to change the blood flow veloc-
ity quickly without producing so much persistence effect and
a second persistence computation to keep the variation in
blood flow velocity as small as possible with a lot of persis-
tence effect generated, respectively. Two blood flow velocity
data, which will produce different degrees of persistence
effect, are obtained. And by using one of two data that has the
greater absolute value, the persistence processing section 115'
generates a blood flow image. As a result, even the blood
flowing through a peripheral blood vessel, where the blood
flow has low power, can be displayed constantly without
flickering. And a blood flow moving picture can be displayed
consistently without letting an overly smoothed blood, flow-
ing through the peripheral blood vessel, disappear from the
screetl.

[0091] For that purpose, the persistence processing section
115" includes a frame memory section (corresponding to the
“first memory section”) 104, an aliasing decision section 105,
afirst persistence coefficient determining section 106A, a first
persistence coefficient reference memory section (corre-
sponding to the “third memory section”) 107A, a first persis-
tence computation section 108A, a second persistence coef-
ficient determining section 106B, a second persistence
coefficient reference memory section (corresponding to the
“fourth memory section”) 107B, a second persistence com-
putation section 108B, a maximum value choosing section
116 and a persistence memory section (corresponding to the
“second memory section”) 109.
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[0092] The frame memory section 104 stores the CFM
frame data of the current frame representing the current scan.
The persistence memory section 109 stores the CFM frame
data of the previous frame that has been calculated and pro-
vided by the maximum value choosing section. The CFM
frame data in the persistence memory section 109 has already
been subjected to the persistence processing. As in the first
preferred embodiment described above, the blood flow veloc-
ity data of the CFM frame data that are stored in the frame
memory section 104 and the persistence memory section 109
will be identified herein by Vcurrent and Vout-1, respec-
tively.

[0093] Thealiasing decisionsection 105 retrieves theblood
flow velocity data Veurrent and Vout-1 of the CFM frame
data from the frame memory section 104 and the persistence
memory section 109, respectively, and makes an aliasing
decision based on those data. Specifically, the aliasing deci-
sion section 105 compares the blood flow velocity data Veur-
rent and Vout-1 to multiple threshold values to determine
whether or not aliasing has occurred and whether or not the
blood flow velocity data Vcurrent is inan aliasing region. And
the aliasing decision section 105 outputs the results to the first
and second persistence coefficient determining sections
106A and 106B and the first and second persistence compu-
tation sections 108 A and 108B.

[0094] Based on the two decision results provided by the
aliasing decision section 105 and on the blood flow velocity
data Vcurrent that has been retrieved from the frame memory
section 104, the first persistence coefficient determining sec-
tion 106A makes a reference index to the first persistence
coefficient reference memory section 107A. Also, the first
persistence coefficient determining section 106A accesses
the first persistence coefficient reference memory section
107A to retrieve a first persistence coefficient that is associ-
ated with the reference index and set the first persistence
coefficient with respect to the first persistence computation
section 108A. In the first persistence coefficient reference
memory section 107A, stored in advance is a first table of
reference of a first set of persistence coefficients that are
associated with the blood flow velocity values. This first table
of reference includes at least two different values of persis-
tence coefficients that are associated with blood flow velocity
values.

[0095] On the other hand, based on the two decision results
provided by the aliasing decision section 105 and on the blood
flow velocity data Vout-1 that has been retrieved from the
persistence memory section 109, the second persistence coef-
ficient determining section 106B makes a reference index to
the second persistence coeflicient reference memory section
107B. Also, the second persistence coeflicient determining
section 106B accesses the second persistence coefficient ref-
erence memory section 1078 to retrieve a second persistence
coefficient that is associated with the reference index and set
the second persistence coeflicient with respect to the second
persistence computation section 108B. In the second persis-
tence coefficient reference memory section 107B, stored in
advance is a second table of reference of a second set of
persistence coefficients that are associated with the blood
flow velocity values. This second table of reference also
includes at least two different values of persistence coeffi-
cients that are associated with blood flow velocity values. As
will be described in detail later, even if one of the persistence
coefficients of the first set and one of the persistence coeffi-
cients of the second set are associated with the same blood
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flow velocity value, those two persistence coefficients actu-
ally have mutually different values.

[0096] Basedonthe persistence coefficient that has been set
by the first persistence coefficient determining section 106 A
and on the results of aliasing decision made by the aliasing
decision section 105, the first persistence computation sec-
tion 108 A performs a persistence computation represented by
the following Equation (1) on the blood flow velocity data.
[0097] Supposing the persistence-processed blood flow
velocity data that has been obtained through the persistence
computation is identified by Vout and the persistence coeffi-
cient is identified by Cpersistence (where 0<Cpersistence<1),
the persistence-processed blood flow velocity data is calcu-
lated by the following Equation (1):

Vout=(1-Cpersistence)x Veurrent+Cpersistencex

Vout-1 (1)
[0098] Inthe same way, based on the persistence coefficient
that has been set by the second persistence coefficient deter-
mining section 106B and on the results of aliasing decision
made by the aliasing decision section 105, the second persis-
tence computation section 108B performs a persistence com-
putation represented by Equation (1) on the blood flow veloc-
ity data.
[0099] The computations performed by the first and second
persistence computation sections 108A and 108B are the
same except that the persistence coefficients determined are
different from each other. If the CFM frame data includes data
other than the blood flow velocity data, the first and second
persistence computation sections 108 A and 108B perform the
persistence computations using the respective data of the
current and previous frames and the persistence coefficient
Cpersistence calculated, thereby obtaining persistence-pro-
cessed data.
[0100] If the result of the aliasing decision that has been
made by the aliasing decision section 105 is true, then Equa-
tion (1) is treated as an unsigned arithmetic. On the other
hand, if the result of the aliasing decision is false, then Equa-
tion (1) is treated as a signed arithmetic.
[0101] Since the measurement is supposed to be made
using a pulse wave as described above, the blood flow veloc-
ity that can be measured directly with the Doppler shift is
restricted by the pulse repetition frequency (PRF). Specifi-
cally, when aliasing occurs, blood flows, of which the veloci-
ties correspond to a frequency variation of more than +PRF/2,
are recognized by mistake as reverse blood flows.
[0102] FIGS. 5(a) and 5(b) show the relation between the
respective magnitudes of the persistence-processed blood
flow velocity data Vout, the blood flow velocity data Veurrent
of the current frame, and the blood flow velocity data Vout-1
of the previous frame that has been provided by the persis-
tence computation section 108. In FIGS. 5(a) and 5(b), the
first quadrant on the axis of abscissas indicates a situation
where the velocity V is zero, while the second quadrant
thereof indicates a situation where the velocity V is either +V
or -V. That is to say, a positive velocity V is located in the first
or second quadrant, while a negative velocity V is located in
the third or fourth quadrant.
[0103] For example, if Vcurrent and Vout-1 are located in
the second and third quadrants, respectively, and if it has been
determined that aliasing has occurred as shown in FIG. 5(a),
Vout-1 actually becomes greater than a blood flow velocity
corresponding to +PRF/2. That is why this is an arithmetic
that does not cross zero, i.e., an unsigned arithmetic. For that
reason, Veurrent and Vout-1 may have their signs (+ or -)
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removed and their absolute values may be substituted into
Equation (1) to make the arithmetic.

[0104] On the other hand, if Vcurrent and Vout-1 are
located in the first and fourth quadrants, respectively, and if it
has been determined that no aliasing has occurred as shown in
FIG. 5(b), then Equation (1) is an arithmetic that does cross
Zero, i.e., a signed arithmetic. For that reason, Vcurrent and
Vout-1 with signs may be substituted into Equation (1) to
make the arithmetic. This arithmetic is performed on each
pixel or measuring point of one frame of the blood flow
velocity data. Also, if aliasing has occurred, Vout obtained as
the result of the arithmetic becomes an unsigned value. In that
case, if the most significant bit of the blood flow velocity data
Vout 1s treated as a sign, Vout can be output as a signed value
to the maximum value choosing section 116.

[0105] The maximum value choosing section 116 receives
the results of the arithmetic, 1.e., the persistence-processed
blood flow velocity data, from the first and second persistence
computation sections 108A and 108B, compares the absolute
values of the blood flow velocities either on a pixel-by-pixel
basis or on the data of each pair of associated measuring
points, chooses the greater blood flow velocity data as the
persistence-processed blood flow velocity data of the current
frame, and outputs it to the CFM DSC section 110 and the
persistence memory section 109. The CFM DSC section 110
converts the coordinates of the blood flow velocity data cho-
sen and outputs the result to the image synthesizing section
113.

[0106] The tomographic image signal processing section
409 cuts down unwanted noise of the received signal by
subjecting it to dynamic filtering and then subjects the
received signal to envelope detection processing and dynamic
range compression processing, thereby outputting tomo-
graphic image frame data to a tomographic image DSC sec-
tion 410. In response, the tomographic image DSC section
410 converts the coordinates of the tomographic image frame
data that has been provided by the tomographic image signal
processing section 409 and then outputs the converted data to
the image synthesizing section 411.

[0107] The image synthesizing section 411 synthesizes
together the frame data that has been provided by the CFM
DSC section 410 and the tomographic image DSC section
410 either on a pixel-by-pixel basis or on the data of each pair
of associated measuring points, thereby generating synthe-
sized image frame data. Specifically, the image synthesizing
section 411 synthesizes together the two data either on a
pixel-by-pixel basis or on the basis of each pair of associated
measuring points so that if the blood flow velocity is zero,
tomographic image frame data is displayed but that the CFM
frame data is displayed otherwise. Also, the image synthesiz-
ing section 411 transforms the data into color information
according to the blood flow velocity or blood flowing direc-
tion and then outputs the color information thus obtained to a
display section 412, which displays the data provided by the
image synthesizing section 411.

[0108] Next, it will be described in further detail how to
determine the first and second persistence coefficients. In
order to determine the first and second persistence coeffi-
cients, first, the aliasing decision section 105 needs to deter-
mine whether or not aliasing has occurred in the blood flow
velocity.

[0109] Thealiasing decisionsection 105 retrieves theblood
flow velocity data Vcurrent of the current CFM frame data
from the frame memory section 104 and the blood flow veloc-
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ity data Vout-1 of the CFM frame data of the previous frame
that has been calculated by the persistence computation sec-
tion 108 from the persistence memory section 109, respec-
tively. Then, based on the Vcurrent and Vout-1 values, the
aliasing decision section 105 determines:
[0110] 1. whether or not aliasing has occurred, and
[0111] 2. whether ornot Veurrent is located in an aliasing
region.
[0112] These two decisions are made by comparing Veur-
rent and Vout-1 to a predetermined threshold value. Specifi-
cally, Vcurrent, Vout-1 and a zero blood flow velocity Vzero
are compared to a threshold value Vth.

TABLE 3
Entered
Aliasing aliasing
Condition occurred? region?
(0) If Veurrent <- Vth and Vout -1 >0 YES YES
(1) If Veurrent > Vth and Vout- 1 <0 YES YES
(2) If Vout - 1 <= Vth and Veurrent >0 YES NO
(3) If Vout - 1 >Vth and Veurrent <0 YES NO
(4) Otherwise NO NO

[0113] FIG. 6(a) shows the relation between the respective
magnitudes of the threshold value Vith, the zero blood flow
velocity Vzero, Veurrent and Vout-1. In FIG. 6(a), the first
quadrant on the axis of abscissas indicates a situation where
the blood flow velocity V is the zero blood flow velocity
Vzero, while the second quadrant thereof indicates a situation
where the velocity V is either Vmax or —Vmax. That is to say,
apositive velocity V is located in the first or second quadrant,
while a negative velocity V is located in the third or fourth
quadrant.

[0114] Inthiscase, Vthand - Vth are set to be the maximum
expected variation in blood flow velocity in a time interval
between two consecutive frames.

[0115] Table3 summarizes the condition to be examined by
the aliasing decision section 105 and its decision results.
[0116] IfVout-1 is positive (i.e., if Condition (0) is satis-
fied), the maximum expected variation in blood flow velocity
will be either Vth or —Vth. That is why Vcurrent is never less
than -Vth. For that reason, as long as Vcurrent<-Vth is
satisfied, Vcurrent is actually a greater value than the maxi-
mum blood flow velocity Vmax corresponding to +PRF/2.
Consequently, it is determined that aliasing has occurred and
that Veurrent is in the aliasing region. Condition (1) is set by
inverting the signs of Condition (0).

[0117] On the other hand, if Vout-1 is less than -Vth (i.e.,
if Condition (2) is satisfied), a positive Vcurrent value means
that the variation in blood flow velocity that has occurred
exceeds the maximum expected variation in blood flow veloc-
ity. That is why it is determined that aliasing has occurred.
Also, since Vcurrent falls within the +Vth range with Vzero
interposed between them, Vcurrent is not in the aliasing
region. Condition (3) is set by inverting the signs of Condition
@)

[0118] And if none of these Conditions (0) through (3) are
satisfied, then it is determined that no aliasing has occurred
and that Vcurrent is not located in the aliasing region.
[0119] Based on the two decision results provided by the
aliasing decision section 105 and on the absolute value of the
blood flow velocity data Veurrent that has been retrieved from
the frame memory section 104, the first persistence coeffi-
cient determining section 106A makes a reference index to
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the first persistence coefficient reference memory section
107. The reference indices made are shown in the following
Table 4:

TABLE 4
Entered
Aliasing aliasing Reference
Condition oceurred? region? index (Idx1)
) YES YES Vmax
(1) YES YES Vmax
(2) YES NO Abs (Veurrent)
(3) YES NO Abs (Veurrent)
4) NO NO Abs (Veurrent)
[0120] If aliasing has occurred and if Veurrent is in the

aliasing region, the blood flow velocity Veurrent should actu-
ally be even greater than Vmax or =Vmax. That is why the
reference index becomes Vmax in that case. Otherwise, the
reference index becomes the absolute value Abs(Vcurrent) of
Vcurrent.

[0121] Inthe first persistence coefficient reference memory
section 107 A, stored in advance 1s a first table of reference of
a first set of persistence coefficients that are associated with
the reference indices. Also, the first persistence coefficient
determining section 106 A accesses the first persistence coef-
ficient reference memory section 107A to retrieve one of the
persistence coefficients of the first set that is associated with
the reference index made and output it to the first persistence
computation section 108A.

[0122] FIG. 6(b) is a graph showing an exemplary correla-
tion between the reference index and the first set of persis-
tence coeflicients. In FIG. 6(b), the abscissa represents the
reference index and the ordinate represents the persistence
coefficient. As shown in Table 4, the reference index is either
Vmax or the absolute value Abs(Vcurrent) of Veurrent. If the
absolute value of Vcurrent is equal to or smaller than the
threshold value Vth, its associated persistence coefficient
Cpersistence of the first set is defined so as to decrease mono-
tonically as Vcurrent increases. In other words, if the absolute
value of Veurrent is equal to or smaller than the threshold
value Vth, its associated persistence coefficient Cpersistence
varies according to the blood flow velocity Veurrent of the
current frame.

[0123] On the other hand, based on the two decision results
provided by the aliasing decision section 105 and on the
absolute value of the blood flow velocity data Vout-1 that has
been retrieved from the persistence memory section 109, the
second persistence coefficient determining section 106B
makes a reference index to the first persistence coefficient
reference memory section 107. The reference indices made
are shown in the following Table 5:

TABLE 5
Entered
Aliasing aliasing Reference
Condition oceurred? region? index (Idx2)
0) YES YES Vmax
63} YES YES Vmax
2) YES NO Abs (Vout - 1)
(3) YES NO Abs (Vout - 1)
4) NO NO Abs (Vout - 1)
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[0124] Unlike the first persistence coefficient determining
section 106 A, the second persistence coefficient determining
section 106B regards the absolute value of the blood flow
velocity data Vout-1 that has been retrieved from the persis-
tence memory section 109 as a reference index.

[0125] In the second persistence coefficient reference
memory section 107B, stored in advance is a second table of
reference of a second set of persistence coefficients that are
associated with the reference indices. Also, the second per-
sistence coefficient determining section 106B accesses the
second persistence coefficient reference memory section
107B to retrieve one of the persistence coefficients of the
second set that is associated with the reference index made
and output it to the second persistence computation section
108B.

[0126] FIG. 6(c) is a graph showing an exemplary correla-
tion between the reference index and the second set of per-
sistence coefficients. In FIG. 6(c), the abscissa represents the
reference index and the ordinate represents the persistence
coefficient. As shown in Table 5, the reference index is either
Vmax or the absolute value Abs(Vout-1) of Vout-1. If the
absolute value of Vout-1 is equal to or smaller than the
threshold value Vth, its associated persistence coefficient
Cpersistence of the second set is defined so as to increase
monotonically as Vout-1 increases. In other words, if the
absolute value of Vout-1 is equal to or smaller than the
threshold value Vth, its associated persistence coefficient
Cpersistence of the second set varies according to the blood
flow velocity Vout-1 of the previous frame.

[0127] As shown in FIGS. 6(5) and 6(c), no matter what
value the reference index has, each persistence coefficient of
the second set is always greater than its associated persistence
coeflicient of the first set. Specifically, each persistence coef-
ficient of the first set is associated with the blood flow velocity
of the current frame and has a small value. If the persistence
coefficient of the first set increases, then the computation will
be performed depending more heavily on the blood flow
velocity of the previous frame. That is why the first persis-
tence computation section 108 A performs a computation so
as to change the blood flow velocity quickly by decreasing the
persistence effect. On the other hand, each persistence coef-
ficient of the second set is associated with the blood flow
velocity of the previous frame and has a large value. That is
why the second persistence computation section 1088 per-
forms a computation so as to reduce the variation in blood
flow velocity by increasing the persistence effect.

[0128] Also, thefirst persistence computation section 108 A
performs a computation so as to change the blood flow veloc-
ity quickly by decreasing the persistence effect as described
above. That is why in a situation where the blood flow veloc-
ity is high but the blood flow power is too low to detect the
blood flow properly, the blood flow velocity may suddenly go
zero. In that case, if the blood flow image keeps on being
colored in either tones or grayscales as the blood flow velocity
goes higher and higher, then the blood flow image may be
suddenly colored in a dark tone and start flickering on the
screen. That is why by increasing monotonically the persis-
tence coefficient of the first set as the reference index
increases, the persistence effect can be increased and that
flickering of the blood flow image can be minimized even as
the blood flow velocity increases.

[0129] On the other hand, the second persistence computa-
tion section 108B contributes to displaying an image with the
persistence effect increased. That is why in a situation where
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the blood flow image keeps on being colored in either tones or
grayscales as the blood flow velocity goes higher and higher,
if the blood flow velocity is too low, a relatively dark image
will be displayed as persistence for an unnecessarily long
time. In that case, if the probe is moved, the viewer will find
the blood flow displayed for an excessively long time, for
example. That is why by increasing monotonically the per-
sistence coefficient of the second set as the reference index
increases, the persistence effect can be decreased as the blood
flow velocity decreases. Consequently, by defining appropri-
ate monotonically increasing relation between the reference
index based on the absolute value of the blood flow velocity
and the first and second persistence coefficients, blood flow
can be displayed with high image quality.

[0130] Also, as can be seen from Tables 3, 4 and 5, even if
Veurrent<-Vth but if Vout-1>0, then the reference index
becomes Vmax (i.e., Condition (0) is satisfied). Meanwhile, if
Vout-1<0, then the reference index becomes the absolute
value Abs(Vcurrent) of Veurrent (i.e., Condition (4) is satis-
fied). That is why even if Veurrent<-Vth is satisfied, both the
reference index and the persistence coefficient Cpersistence
change depending on whether Vout-1 is positive or negative.
Consequently, even if both of two adjacent regions satisfy
Veurrent<-Vth, the color flow mapping image displayed
changes its colors according to the sign of Vout-1. As a result,
the image displayed comes to have portions where the color
tone changes discontinuously.

[0131] To avoid displaying such an unnatural image, if the
absolute value of Vcurrent is equal to or greater than the
threshold value Vth, then it is preferred that every reference
index be associated with a persistence coefficient Cpersis-
tence of the same value. In that case, even a blood flow region
where aliasing has occurred and its surrounding regions can
also be displayed as natural images.

[0132] Using these persistence coefficients of the first and
second sets that have been determined as described above, the
first and second persistence computation sections 108A and
108B generate latest blood flow velocity data that has been
subjected to the persistence processing.

[0133] The maximum value choosing section 116 chooses
one of the two blood flow velocity data that has the greater
absolute value and outputs the blood flow velocity data thus
chosen as persistence-processed blood flow velocity data. In
other words, one of the two results of the persistence process-
ing is chosen so as to obtain blood flow velocity data with the
greater absolute value. Consequently, even though a thyroid,
a liver, a kidney and other organs have a peripheral vessel
where the blood flow power often loses stability, the blood
flowing through the peripheral vessel can also be displayed
without flickering. In addition, a blood flow moving picture
can be displayed without smoothing out the blood flowing
through the peripheral blood vessel too much to keep the
peripheral blood vessel visible.

[0134] In the preferred embodiments described above, the
persistence coefficient is determined dynamically by the
blood flow velocity of the CFM frame data and the persis-
tence computation is performed on that blood flow velocity.
However, this is just an example of the present invention.
Alternatively, the persistence computation may also be per-
formed on blood flow power data or any data other than the
CFM frame data and may even be performed on B-mode
tomographic image data.

[0135] Also, in the preferred embodiments described
above, the persistence processing is supposed to be per-
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formed using the blood flow velocity data of the current and
previous frames. However, the persistence processing may
also be performed using the blood flow velocity data of the
frame before the previous frame or an even earlier frame.
Also, the persistence processing may also be carried out by
arithmetic expression other than Equation (1).

INDUSTRIAL APPLICABILITY

[0136] The ultrasonic diagnostic apparatus of the present
invention can be used particularly effectively to display a
blood flow status of a subject.

REFERENCE SIGNS LIST

[0137] 101, 401 probe

[0138] 102,402 ultrasonic wave transmitting and receiving
section

[0139] 103, 403 CFM signal processing section

[0140] 104, 404 frame memory section

[0141] 105 aliasing decision section

[0142] 106 persistence coefficient determining section

[0143] 106A first persistence coeflicient determining sec-
tion

[0144] 106B second persistence coefficient determining
section

[0145] 107 persistence coefficient reference memory sec-
tion

[0146] 107A first persistence coefficient reference memory
section

[0147] 107B second persistence coefficient reference

memory section

[0148] 108, 407 persistence computation section

[0149] 108A first persistence computation section

[0150] 108B second persistence computation section

[0151] 109 persistence memory section

[0152] 110, 408 CFM DSC section

[0153] 111, 409 tomographic image signal processing sec-
tion

[0154] 112, 410 tomographic image DSC section

[0155] 113, 411 image synthesizing section

[0156] 114, 412 display section

[0157] 115, 115 persistence processing section

[0158] 116 maximum value choosing section

[0159] 405 frame memory selecting section

[0160] 406 persistence coefficient setting section

1. An ultrasonic diagnostic apparatus comprising;

a transmitting and receiving section, which drives a probe
anumber of times to send out ultrasonic waves toward a
subject and which makes the probe receive reflected
echoes that have been produced by having the ultrasonic
waves reflected by the subject, thereby generating mul-
tiple received signals one after another;

a color flow mapping signal processing section for sequen-
tially generating, based on the received signals, blood
flow velocity data about a portion of each frame repre-
senting the blood flow of the subject;

apersistence processing section for performing persistence
processing on the blood flow velocity data of each said
frame;

a tomographic image signal processing section for gener-
ating B-mode tomographic image frame data based on
the received signals; and
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an image synthesizing section for synthesizing together the
persistence-processed blood flow velocity data and the
B-mode tomographic image frame data,

wherein the persistence processing section makes an alias-
ing decision based on the blood flow velocity data of the
current frame and the persistence-processed blood flow
velocity data ofan earlier frame that precedes the current
frame, and changes a persistence coefficient dynami-
cally according to a result of the aliasing decision and
based on those blood flow velocity data of the current
and earlier frames.

2. The ultrasonic diagnostic apparatus of claim 1, wherein

the persistence processing section includes:

a first memory section for storing the blood flow velocity
data of the current frame;

a second memory section for storing the persistence-pro-
cessed blood flow velocity data of the earlier frame that
precedes the current frame;

an aliasing decision section for making an aliasing decision
by retrieving the respective blood flow velocity data
from the first and second memory sections;

a persistence coefficient determining section for determin-
ing the persistence coefficient based on a result of the
aliasing decision and on the blood flow velocity data that
is stored in the first memory section; and

a persistence computation section for performing a persis-
tence computation on the blood flow velocity data that is
stored in the first memory section using the persistence
coefficient based on the result of the aliasing decision
and outputting a result of the computation as the persis-
tence-processed blood flow velocity data.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
by comparing the respective blood flow velocity data that are
stored in the first and second memory sections to multiple
threshold values, the aliasing decision section determines
whether or not aliasing has occurred and whether or not the
blood flow velocity data of the current frame is in an aliasing
region.

4. The ultrasonic diagnostic apparatus of claim 2, wherein
the persistence processing section further includes a third
memory section that stores a table of reference including
persistence coefficients with two or more different values that
are associated with the blood flow velocity values.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
in the table of reference, a persistence coefficient with a
constant value is associated with blood flow velocities, of
which the values are equal to or greater than a predetermined
value.

6. The ultrasonic diagnostic apparatus of claim 1, wherein
the persistence processing section includes:

a first memory section for storing the blood flow velocity

data of the current frame;

a second memory section for storing the persistence-pro-
cessed blood flow velocity data of the earlier frame that
precedes the current frame;

an aliasing decision section for making an aliasing decision
by retrieving the respective blood flow velocity data
from the first and second memory sections;
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a first persistence coefficient determining section for deter-
mining a first persistence coeflicient based on a result of
the aliasing decision and on the blood flow velocity data
that is stored in the first memory section;

a first persistence computation section for performing a
persistence computation on the blood flow velocity data
that is stored in the first memory section using the first
persistence coefficient based on the result of the aliasing
decision;

a second persistence coefficient determining section for
determining a second persistence coefficient based on
the result of the aliasing decision and on the blood flow
velocity data that is stored in the second memory sec-
tion;

a second persistence computation section for performing a
persistence computation on the blood flow velocity data
thatis stored in the first memory section using the second
persistence coefficient based on the result of the aliasing
decision; and

a maximum value choosing section for comparing the two
absolute values of the computational results provided by
the first and second persistence computation sections to
each other and outputting the greater one of the two
absolute values as the persistence-processed blood flow
velocity data.

7. The ultrasonic diagnostic apparatus of claim 6, wherein
by comparing the respective blood flow velocity data that are
stored in the first and second memory sections to multiple
threshold values, the aliasing decision section determines
whether or not aliasing has occurred and whether or not the
blood flow velocity data of the current frame is in an aliasing
region.

8. The ultrasonic diagnostic apparatus of claim 6, wherein
the persistence processing section further includes:

a third memory section that stores a first table of reference
including a first set of persistence coefficients with two
or more different values that are associated with the
blood flow velocity values; and

a fourth memory section that stores a second table of ref-
erence including a second set of persistence coefficients
with two or more different values that are associated
with the blood flow velocity values.

9. The ultrasonic diagnostic apparatus of claim 8, wherein
even if one of the persistence coefficients of the first set and
one ofthe persistence coefficients of the second set, which are
stored in the first and second tables of reference, respectively,
are associated with the same blood flow velocity value, those
two persistence coefficients have mutually different values.

10. The ultrasonic diagnostic apparatus of claim 8, wherein
in the first table of reference, a persistence coefficient with a
constant value is associated with blood flow velocities, of
which the values are equal to or greater than a predetermined
value.

11. The ultrasonic diagnostic apparatus of claim 1, wherein
the persistence-processed blood flow velocity data of the
earlier frame that precedes the current frame belongs to the
previous frame.
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