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Description

Technical Field

[0001] This invention relates to an ultrasonic diagnos-
tic apparatus for scanning a region of interest at high
speed and other regions at low speed.

Background Art

[0002] As shown in FIGs. 5A and 5B, a conventional
ultrasonic diagnostic apparatus is configured so as to
perform drive control of a two-dimensional array probe 1
formed by arranging a plurality of ultrasonic elements
two-dimensionally so as to intermittently perform three-
dimensional scanning of a target with the two-dimension-
al array probe. In an interval of three-dimensional scan-
ning T3 performed intermittently, two-dimensional scan-
ning T2 is performed at a scanning rate higher than the
scanning rate at the three-dimensional scanning time and
a three-dimensional image is formed based on a method
obtained by the three-dimensional scanning and a two-
dimensional image is formed based on a method ob-
tained by the two-dimensional scanning (for example,
refer to patent document 1).
[0003] Patent document 1: Japanese Patent Laid-
Open No. 2000-139906 (paragraphs 0009 and 0010 and
FIGs. 2 and 4)

Disclosure of the Invention

Problems to be Solved by the Invention

[0004] However, in the conventional ultrasonic diag-
nostic apparatus, there is a problem in that two-dimen-
sional (main) scanning cannot be performed while three-
dimensional (sub) scanning is performed.
[0005] The invention is embodied for solving the prob-
lem in the related art and it is an object of the invention
to provide an ultrasonic diagnostic apparatus that can
perform main scanning in a main scan region while per-
forming subscanning in a subscan region and performs
the main scanning of the main scan region of a region of
interest at high speed and the subscanning of the sub-
scan region of other regions at low speed. Means For
Solving the Problems
[0006] An ultrasonic diagnostic apparatus of the inven-
tion as defined in claim 1 is provided.
[0007] According to the invention, main scanning of
the main scan region can be performed while subscan-
ning of the subscan region is performed, and the main
scanning of the main scan region of the region of interest
can be performed at high speed and the subscanning of
the subscan region of other regions can be performed at
lower speeds.
[0008] The ultrasonic diagnostic apparatus of the in-
vention has the configuration wherein in the whole scan
region made up of the main scan region and the subscan

region, the main scan region is main-scanned at equal
time intervals regardless of where the main scan region
is placed in the whole scan region.
[0009] According to the configuration, if the tissue in
the main scan region displaces on the time base, it be-
comes easy to keep track of the time displacement.
[0010] Further, the ultrasonic diagnostic apparatus of
the invention has the configuration wherein the scan re-
gion spreads to a two-dimensional or three-dimensional
region and a plurality of scan regions exist.
[0011] According to the configuration, when the region
of interest exists in a plurality of two-dimensional or three-
dimensional regions, the scanning rate of the main scan
region of the region of interest can be increased.
[0012] Further, the ultrasonic diagnostic apparatus of
the invention has the configuration wherein the plurality
of scan regions cross each other.
[0013] According to the configuration, if a plurality of
scan regions cross each other, the scanning rate of the
main scan region of the region of interest can be in-
creased.
[0014] Further, the ultrasonic diagnostic apparatus of
the invention has the configuration wherein the number
of irradiation times with a transmission ultrasonic beam
per unit time is made different in the subscan region.
[0015] According to the configuration, the subscanning
rate of the region of comparatively high interest in the
subscan region can be increased.
[0016] Further, the ultrasonic diagnostic apparatus of
the invention has the configuration wherein it has a scan
converter for updating a display image in real time upon
each completion of transmission ultrasonic beam scan-
ning made up of the main scanning of the main scan
region multiple times and the subscanning of the subscan
region in the scan region, and the scan converter can set
different persistence in the main scan region and the sub-
scan region.
[0017] According to the configuration, the scanning
speed of the transmission ultrasonic beam in the scan
region and the image update speed of a display can be
matched with each other.
[0018] Further, the ultrasonic diagnostic apparatus of
the invention has the configuration a marker is displayed
on a boundary between the main scan region and the
subscan region.
[0019] According to the configuration, the boundary
between the main scan region and the subscan region
can be clearly identified.

Advantages of the Invention

[0020] The invention can provide the ultrasonic diag-
nostic apparatus having the advantage that it can perform
main scanning of the main scan region between sub-
scanning of one subscan region and subscanning of an-
other subscan region, can continue the main scanning
of the main scan region of the region of interest, and can
perform the main scanning of the region of interest at
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high speed and subscanning of other regions at low
speed by providing the configuration wherein the scan
region is divided into the main scan region and the sub-
scan region and the subscan region is divided into the
small regions and the main scanning of the main scan
region is performed between subscanning of one small
region and subscanning of another small region.

Brief Description of the Drawings

[0021]

FIG. 1 is a drawing to show an outline of scanning
of an ultrasonic diagnostic apparatus according to a
first example and scanning timings.
FIG. 2 is a drawing to show an outline of scanning
of an ultrasonic diagnostic apparatus according to a
second example, a scan region, and scanning tim-
ings.
FIG. 3 is a drawing to show an outline of scanning
of an ultrasonic diagnostic apparatus according to
the embodiment of the invention and scanning tim-
ings.
FIG. 4 is a block diagram of a display section of an
ultrasonic diagnostic apparatus according to a third
example and is a drawing to show scanning timings.
FIG. 5 is a drawing to show an outline of scanning
of a conventional ultrasonic diagnostic apparatus
and scanning timings.

Description of Reference Numerals

[0022]

1 Two-dimensional array probe
Am Main scan region
As1 Small region
As2 Small region
As3 Small region
As4 Small region
2 Scan converter
3 Display section
4 Memory

Best Mode for Carrying out the Invention

[0023] An ultrasonic diagnostic apparatus according
to the embodiment of the invention and comparative ex-
amples will be discussed below with the accompanying
drawings:
[0024] FIG. 1A shows an outline of scanning in the ul-
trasonic diagnostic apparatus according to a first exam-
ple and FIG. 1B shows scanning timings.
[0025] In FIG. 1A, a two-dimensional array probe 1
formed by arranging a plurality of ultrasonic elements
two-dimensionally transmits an ultrasonic beam to a
three-dimensional region and receives a reflected signal.
The ultrasonic beam scans a region on a pyramid, and

the scan region is divided into a main scan region Am of
a region of interest and a subscan region. The subscan
region is divided into small regions As1, As2, As3, and
As4. In FIG. 1B, the main scanning time of the main scan
region Am is indicated as Tm, the subscanning time of
the small region As1 is indicated as Ts1, the subscanning
time of the small region As2 is indicated as Ts2, the sub-
scanning time of the small region As3 is indicated as Ts3,
and the subscanning time of the small region As4 is in-
dicated as Ts4.
[0026] The operation of the ultrasonic diagnostic ap-
paratus configured as described above will be discussed
with FIGs. 1A and 1B.
[0027] To begin with, the small region As1 is sub-
scanned at the time Ts1. Next, the main scan region Am
is main-scanned at the time Tm. Next, the small region
As2 is subscanned at the time Ts2. Next, the main scan
region Am is main-scanned at the time Tm. Next, the
small region As3 is subscanned at the time Ts3. Next,
the main scan region Am is main-scanned at the time
Tm. Next, the small region As4 is subscanned at the time
Ts4. Next, the main scan region Am is main-scanned at
the time Tm. Scanning the scan region is completed in
a time Tc1. Thus, while the whole scan region is scanned
once, the main scan region Am of the region of interest
can be main-scanned four times. Also in a time Tc2, scan-
ning is performed in a similar manner. Thus, it is also
made possible to main-scan the main scan region Am of
the region of interest at equal intervals during the scan
region is scanned.
[0028] The scan region is divided into the main scan
region Am of the region of interest and the subscan region
and the subscan region is divided into the small regions
As1, As2, As3, and As4, whereby the main scan region
Am of the region of interest can be main-scanned multiple
times while the whole scan region is scanned once. It is
also made possible to main-scan the main scan region
Am of the region of interest at equal intervals during the
scan region is scanned, and if the tissue in the main scan
region displaces on the time base, it becomes easy to
keep track of the time displacement.
[0029] Next, FIG. 2A shows an outline of scanning in
an ultrasonic diagnostic apparatus according to a second
example, FIG. 2B shows scan regions, and FIG. 2C
shows scanning timings.
[0030] In FIG. 2A, a plurality of scan regions exist as
scan regions R1 and R2. The scan regions R1 and R2
cross each other. In FIG. 2B, the scan region R1 is divided
into a main scan region Am and a subscan region and
the subscan region is divided into small scan regions As1
and As2. The scan region R2 is divided into a main scan
region am and a subscan region and the subscan region
is divided into small scan regions as1 and as2. In FIG.
2C, the main scanning time of the main scan region Am
is indicated as Tm, the subscanning time of the small
region As1 is indicated as Ts1, the subscanning time of
the small region As2 is indicated as Ts2, the main scan-
ning time of the main scan region am is indicated as tm,
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the subscanning time of the small region as1 is indicated
as ts1, and the subscanning time of the small region as2
is indicated as ts2.
[0031] The operation of the ultrasonic diagnostic ap-
paratus configured as described above will be discussed
with FIGs. 2B and 2C.
[0032] To begin with, the small region As1 is sub-
scanned at the time Ts1. Next, the main scan region Am
is main-scanned at the time Tm. Next, the small region
As2 is subscanned at the time Ts2. Next, the main scan
region Am is main-scanned at the time Tm. Scanning the
scan region R1 is thus completed. Next, the small region
as1 is subscanned at the time ts1. Next, the main scan
region am is main-scanned at the time tm. Next, the small
region as2 is subscanned at the time ts2. Next, the main
scan region am is main-scanned at the time tm. Scanning
the scan region R2 is thus completed. Thus, while the
scan regions R1 and R2 are scanned each once in a time
Tc1, the main scan regions Am and am of regions of
interest can be main-scanned twice. Also in a time Tc2,
scanning is performed in a similar manner. In FIG. 2C,
the main scan regions are main-scanned in the order of
Am, Am, am, and am, but can also be main-scanned in
the order of Am, am, Am, and am. Thus, it is also made
possible to main-scan the main scan regions Am and am
of the regions of interest at equal intervals.
[0033] A plurality of scan regions exist as the scan re-
gions R1 and R2, the scan regions R1 and R2 cross each
other, the scan region R1 is divided into the main scan
region Am and the subscan region, the subscan region
is divided into the small scan regions As1 and As2, the
scan region R2 is divided into the main scan region am
and the subscan region, and the subscan region is divid-
ed into the small scan regions as1 and as2, whereby the
main scan regions Am and am of the regions of interest
can be main-scanned twice while the scan regions R1
and R2 are scanned each once.
[0034] Next, FIG. 3A shows an outline of scanning in
an ultrasonic diagnostic apparatus according to the em-
bodiment of the invention and FIG. 3B shows scanning
timings.
[0035] In FIG. 3A, a scan region R1 is divided into a
main scan region Am and a subscan region and the sub-
scan region is divided into small scan regions As1, As2,
and As3. In FIG. 3B, the main scanning time of the main
scan region Am is indicated as Tm, the subscanning time
of the small region As1 is indicated as Ts1, the subscan-
ning time of the small region As2 is indicated as Ts2, and
the subscanning time of the small region As3 is indicated
as Ts3.
[0036] The operation of the ultrasonic diagnostic ap-
paratus configured as described above will be discussed
with FIG. 3B.
[0037] To begin with, the small region As1 is sub-
scanned at the time Ts1. Next, the main scan region Am
is main-scanned at the time Tm. Next, the small region
As2 is subscanned at the time Ts2. Next, the main scan
region Am is main-scanned at the time Tm. Next, the

small region As1 is subscanned at the time Ts1. Next,
the main scan region Am is main-scanned at the time
Tm. Next, the small region As2 is subscanned at the time
Ts2. Next, the main scan region Am is main-scanned at
the time Tm. Next, the small region As3 is subscanned
at the time Ts3. Next, the main scan region Am is main-
scanned at the time Tm. Scanning the scan region R1 is
completed in a time Tc1. Thus, while the scan region R1
is scanned once, the main scan region Am of a region of
interest can be main-scanned four times and further the
number of irradiation times with a transmission ultrasonic
beam per unit time is made different in the subscan re-
gion, whereby the small scan regions As1 and As2 of the
subscan region can be subscanned each twice and the
small scan region As3 of the subscan region can be sub-
scanned once. Also in a time Tc2, scanning is performed
in a similar manner. Thus, the subscanning rate of the
region of comparatively high interest in the subscan re-
gion can be increased.
[0038] As described above, according to the ultrasonic
diagnostic apparatus of the embodiment of the invention,
the number of irradiation times with a transmission ultra-
sonic beam per unit time is made different in the subscan
region, whereby the subscanning rate of each of the small
scan regions As1 andAs2 of comparatively high interest
in the subscan region can be made higher than that of
the small scan region As3 of the subscan region.
[0039] FIG. 4A shows blocks including a display sec-
tion of an ultrasonic diagnostic apparatus according to a
third example and FIG. 4B shows scanning timings.
[0040] In FIG. 4A, a reception signal from a two-dimen-
sional array resonator is converted into an image signal
in a scan converter 2. The image signal of the scan con-
verter 2 is stored in memory 4. The image signal of the
scan converter 2 is displayed on a display section 3. A
scan region R1 is displayed on the display section 3. The
scan region R1 is divided into a main scan region Am
and a subscan region and the subscan region is divided
into small scan regions As1 and As2. A marker 4 is dis-
played on each boundary between the main scan region
Am and the subscan region, namely, the boundary be-
tween the main scan region Am and the small scan region
As1 and the boundary between the main scan region Am
and the small scan region As2. In FIG. 4B, the main scan-
ning time of the main scan region Am is indicated as Tm,
the subscanning time of the small region As1 is indicated
as Ts1, and the subscanning time of the small region As2
is indicated as Ts2.
[0041] The operation of the ultrasonic diagnostic ap-
paratus configured as described above will be discussed
with FIGs. 4A and 4B.
[0042] To begin with, the small region As1 is sub-
scanned at the time Ts1. Next, the main scan region Am
is main-scanned at the time Tm. Next, the small region
As2 is subscanned at the time Ts2. Next, the main scan
region Am is main-scanned at the time Tm. Thus, the
main scan region Am of a region of interest can be main-
scanned twice while the whole scan region is scanned
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once. Also in a time Tc2, scanning is performed in a sim-
ilar manner. The image data at the time Ts1, the image
data at the time Tm, and the image data at the time Ts2
form an image frame F1. Likewise, the image data at the
time Ts2, the image data at the time Tm, and the image
data at the time Ts1 form an image frame F2. Frames
F3, F4, and F5 are formed in such a manner. The formed
frames are stored in the memory 4. On the other hand,
the display section produces display at the intervals of
the times Tc1 and Tc2. The frames F1, F3, and F5 are
displayed in real time in scanning the region R1. Howev-
er, since all frames are stored in the memory 4, if the
image read speed from the memory 4 is decreased, all
image frames can be displayed on the display section 3.
[0043] In the scan converter 2, persistence (afterimage
effect) can also be given to an image Vm in the main
scan region Am and images Vs1 and Vs2 in the small
regions As1 and As2 of the subscan region. In this case,
comparatively strong persistence may be given to the
main scan region because the number of main scanning
times per unit time is large, and comparatively weak per-
sistence may be given to the subscan region because
the number of subscanning times per unit time is small.
Alternatively, if the tissue in the main scan region dis-
places largely on the time base, comparatively weak per-
sistence may be given to the main scan region and com-
paratively strong persistence may be given to the sub-
scan region.
[0044] The scan converter is provided for updating the
display image in real time upon each completion of trans-
mission ultrasonic beam scanning made up of the main
scanning of the main scan region multiple times and the
subscanning of the subscan region in the scan region,
whereby the scanning speed of the transmission ultra-
sonic beam in the scan region and the image update
speed of the display can be matched with each other.
[0045] Further, the image persistence corresponding
to the main scan region is made different from the image
persistence corresponding to the subscan region, where-
by image display suited for high-speed displacement of
the tissue in the region of interest of the main scan region
and low-speed displacement of the tissue in the subscan
region can be produced.
[0046] In the embodiment described above, if both the
main scan region and the subscan region are obtained
by two-dimensional scanning and the two-dimensional
scanning faces are on the same plane, the probe 1 may
be a one-dimensional array.

Industrial Applicability

[0047] As described above, the scan region is divided
into the main scan region and the subscan region and
the subscan region is divided into the small regions and
main scanning of the main scan region is performed be-
tween subscanning of one small region and subscanning
of another small region, whereby the ultrasonic diagnos-
tic apparatus according to the invention has the advan-

tage that main scanning of the main scan region can be
performed between subscanning of one subscan region
and subscanning of another subscan region and the main
scanning of the main scan region of the region of interest
can be continued, and is useful as an ultrasonic diagnos-
tic apparatus for scanning the region of interest at high
speed and other regions at low speed or the like.

Claims

1. An ultrasonic diagnostic apparatus, configured such
that, a scan region (R1) is divided into a main scan
region (Am) and a subscan region and the subscan
region is divided into a first, a second and a third
small scan region (As1, As2 and As3), and the main
scan region (Am) and the subscan region are made
up of two-dimensional scan regions or three-dimen-
sional scan regions and main scanning of the main
scan region is performed between subscanning of
one of the small regions and subscanning of another
one of the small regions,
wherein in the whole scan region (R1) made up of
the main scan region (Am) and the subscan region,
the main scan region (Am) is main-scanned at equal
time intervals,
characterised in that
the subscanning rates of the first (As1) and second
(As2) small scan region in the subscan region are
higher than that of the third small scan region (As3)
of the subscan region.

2. The ultrasonic diagnostic apparatus as claimed in
claim 1 wherein the scan regions can cross each
other.

3. The ultrasonic diagnostic apparatus as claimed in
any of claims 1 to 2 having a scan converter (2) for
updating a display image in real time upon each com-
pletion of transmission ultrasonic beam scanning
made up of the main scanning of the main scan re-
gion multiple times and the subscanning of the sub-
scan region in the scan region, wherein the scan
converter (2) can set different persistence in the main
scan region (Am) and the subscan region.

4. The ultrasonic diagnostic apparatus as claimed in
any of claims 1 to 3 wherein a marker (4) is displayed
on a boundary between the main scan region (Am)
and the subscan region.

Patentansprüche

1. Eine Ultraschalldiagnosevorrichtung, so konfigu-
riert, dass ein Abtastbereich (R1) in einen Hauptab-
tastbereich (Am) und einen Unterabtastbereich un-
terteilt ist und der Unterabtastbereich in einen ersten,
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einen zweiten und einen dritten kleinen Abtastbe-
reich (As1, As2 und As3) unterteilt ist, und der
Hauptabtastbereich (Am) aus zweidimensionalen
Abtastbereichen oder dreidimensionalen Abtastbe-
reichen besteht und die Hauptabtastung des
Hauptabtastbereichs durchgeführt wird zwischen
Unterabtastung von einem der kleinen Abtastberei-
che und Unterabtastung von einem der anderen klei-
nen Abtastbereiche,
wobei in dem gesamten Abtastbereich (R1) beste-
hend aus dem Hauptabtastbereich (Am) und dem
Unterabtastbereich, der Hauptabtastbereich (Am) in
gleichen Zeitintervallen hauptabgetastet wird,
dadurch charakterisiert, dass
die Unterabtastraten des ersten (As1) und des zwei-
ten (As2) kleinen Abtastbereiches in dem Unterab-
tastbereich höher sind, als die des dritten kleinen
Abtastbereiches (As2) des Unterabtastbereiches.

2. Die Ultraschalldiagnosevorrichtung wie in Anspruch
1 beansprucht, worin sich die Abtastbereiche gegen-
seitig überschneiden können.

3. Die Ultraschalldiagnosevorrichtung wie in einem der
Ansprüche 1 bis 2 beansprucht, einen Abtastum-
wandler (2) aufweisend, um ein Anzeigenbild aufzu-
frischen, nach jeder Komplettierung einer Ultra-
schallstrahlabtastung-transmission, bestehend aus
der mehrfachen Hauptabtastung des Hauptabtast-
bereiches und der Unterabtastung des Unterabtast-
bereiches des Abtastbereiches, wobei der Abtast-
umwandler (2) eine verschiedene Persistenz in dem
Hauptabtastbereich (Am) und dem Unterabtastbe-
reich setzen kann.

4. Die Ultraschalldiagnosevorrichtung wie in einem der
Ansprüche 1 bis 3 beansprucht, worin ein Marker (4)
angezeigt wird auf einer Grenze zwischen dem
Hauptabtastbereich (Am) und dem Unterabtastbe-
reich.

Revendications

1. Appareil de diagnostic par ultrasons configuré de tel-
le sorte qu’une zone de balayage (R1) est divisée
en une zone de balayage principal (Am) et une zone
de balayage auxiliaire, et la zone de balayage auxi-
liaire est divisée en une première, une deuxième et
une troisième petites zones de balayage (As1, As2
et As3), tout comme la zone de balayage principal
(Am) et la zone de balayage auxiliaire sont consti-
tuées de zones de balayage en deux dimensions ou
de zones de balayage en trois dimensions, et le ba-
layage principal de la zone de balayage principal est
effectué entre le balayage auxiliaire d’une des peti-
tes zones et le balayage auxiliaire d’une autre des
petites zones,

dans lequel, dans la totalité de la zone de balayage
(R1), constituée de la zone de balayage principal
(Am) et de la zone de balayage auxiliaire, la zone
de balayage principal (Am) est balayée principale-
ment à des intervalles de temps égaux,
caractérisé en ce que
la vitesse de balayage auxiliaire de la première (As1)
et de la seconde (As2) petites zones de balayage
dans la zone de balayage auxiliaire est supérieure
à celle utilisée pour la troisième petite zone de ba-
layage (As3) de la zone de balayage auxiliaire.

2. Appareil de diagnostic et par ultrasons selon la re-
vendication 1, dans lequel les zones de balayage
peuvent se croiser l’une avec l’autre.

3. Appareil de diagnostic par ultrasons selon l’une quel-
conque des revendications 1 et 2, possédant un con-
vertisseur de balayage (2) permettant de mettre à
jour une image à afficher en temps réel à chaque
achèvement de transmission d’un balayage avec un
faisceau par ultrasons constitué du balayage princi-
pal, de multiple fois, de la zone de balayage principal
et du balayage auxiliaire de la zone de balayage
auxiliaire dans la zone de balayage, dans lequel le
convertisseur de balayage (2) peut établir une per-
sistance différente dans la zone de balayage princi-
pal (Am) et dans la zone de balayage auxiliaire.

4. Appareil de diagnostic par ultrasons selon l’une quel-
conque des revendications 1 à 3, dans lequel un
marqueur (4) est affiché sur une limite entre la zone
de balayage principal (Am) et la zone de balayage
auxiliaire.
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扫描区域Am和子扫描区域。子扫描区域分为小区域As1，As2，As3和
As4。主扫描区域的主扫描次数大于子扫描区域的副扫描次数。
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