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1
ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

The present invention relates to an ultrasonic diagnostic
apparatus, and more specifically to an ultrasonic diagnostic
apparatus for forming a three-dimensional (3D) echo data
acquisition space.

BACKGROUND ART

Ultrasonic diagnostic apparatuses for forming a three-
dimensional ultrasonic image have been put into practice.
Such an ultrasonic diagnostic apparatus comprises an array
transducer unit having a plurality of transducer elements for
effecting electronic scanning with an ultrasonic beam, a
mechanical scanning mechanism for moving the array trans-
ducer unit for mechanical scanning, and so on. With the
above-described structure, an ultrasonic diagnostic appara-
tus creates a three-dimensional echo data acquisition space
which is composed of a plurality of scanning planes, thus
forming a three-dimensional ultrasonic image (for example,
a projection image) based on a large number of echo data
acquired within the three-dimensional echo data acquisition
space. The scanning plane is formed by electronic scanning
of the ultrasonic beams. Namely, the scanning plane is
composed of a plurality of ultrasonic beams (sound rays).
Accordingly, the three-dimensional echo data acquisition
space is a collection of ultrasonic beams (an ultrasonic beam
array). On the other hand, other types of ultrasonic diag-
nostic apparatuses which form a three-dimensional echo
data acquisition space using a two-dimensional (2D) array
transducer which includes a plurality of transducer elements
arranged two-dimensionally have also been proposed. These
apparatuses create a three-dimensional echo data acquisition
space by two-dimensional electronic scanning of ultrasonic
beams (without moving the transducers for mechanical
scanning).

In recent years, ultrasonic diagnostic apparatuses for
forming an image by using echoes reflected from an ultra-
sonic contrast agent which has been injected into a tissue
(for example, a blood vessel) of a living body have also been
put to use. Normally, echoes from blood are weaker than
echoes from tissue, whereas echoes from an ultrasonic
contrast agent are relatively strong. These apparatuses make
use of this characteristic to form an image of a blood vessel.
Specifically, an ultrasonic contrast agent is composed of a
very large number of microbubbles (very small bubbles
having a predetermined structure). When the ultrasonic
wave reaches the microbubbles, the microbubbles destruct
or disappear. At the same time, reflected waves which are
distorted (echoes) are generated. Using the basic wave
components or higher harmonic wave components of these
echoes, an ultrasonic image is formed.

It is possible to clearly visualize the existence or behavior
of an ultrasonic contrast agent by comparing two items of
echo data which are acquired before and after destruction or
disappearance of the microbubbles forming the ultrasonic
contrast agent, or by comparing two items of echo data
which are acquired before and after movement of the ultra-
sonic contrast agent.

In general, an ultrasonic contrast agent is continuously
injected into tissue of a living body for a determined period
once the injection has started. When two items of data (echo
data or pixel data) which are acquired at the same beam
address are compared, it is difficult to accurately form an
image of the ultrasonic contrast agent if a time interval
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between the acquisition of these two items of data is too
long. For example, assume that at a certain local region
within a blood vessel, the microbubbles of the ultrasonic
contrast agent destruct or disappear at the first irradiation of
ultrasonic waves, and the second irradiation of the ultrasonic
waves is not performed immediately after the first irradia-
tion. Namely, assume that the second ultrasonic irradiation
is not performed until a sufficient amount of the ultrasonic
contrast agent is supplied to that local region through the
blood flow. In such a case, there is not a significant differ-
ence between the data obtained from the first irradiation and
data obtained from the second irradiation.

Further explanation will be given. Conventionally, when
the three-dimensional echo data acquisition space is formed,
the scanning plane is scanned (mechanically, for example) at
a fixed rate, as described above. In such scanning, one
scanning operation of the scanning plane requires, for
example, one second. Accordingly, when the scanning
operation of the scanning plane is carried out twice
successively, the time interval between the two items of data
acquired at the same beam address by these two scanning
operations, results in, for example, one second. This makes
it difficult to detect an instantaneous phenomenon by com-
paring the two items of data.

DISCLOSURE OF THE INVENTION

The present invention was conceived in view of the
aforementioned drawbacks of the related art and an object of
the present invention is to provide a new ultrasonic beam
scanning method for forming a three-dimensional echo data
acquisition area.

Another object of the present invention is to provide
optimum beam scanning for displaying, as an ultrasonic
image, behavior or change of an ultrasonic contrast agent.

Still another object of the present invention is to enable

measurement of an instantaneous phenomenon within a
three-dimensional data acquisition area.
(1) In order to achieve the foregoing objects, in accordance
with one aspect of the present invention, an ultrasonic
diagnostic apparatus comprises group setting means for
setting a plurality of address groups with regard to a beam
address array; sequence setting means for setting an iterative
sequence of beam addresses, which is used for selecting a
plurality of beam addresses constituting the beam address
array while selecting beam addresses repeatedly for each of
the address groups; address selecting means for selecting the
beam addresses in accordance with the iterative sequence
which is set by the sequence setting means; beam forming
means for forming an ultrasonic beam at a beam address
selected by means of the address selecting means; and image
forming means for forming an ultrasonic image based on
echo data acquired by formation of the ultrasonic beam.

According to the above structure, in the process of select-
ing a series of addresses with regard to the beam address
array, beam addresses are repeatedly selected for each
address group. This makes it possible to shorten the time
interval between a plurality of echo data acquired at the
same beam address compared to a conventional scanning
method. It is also possible to change the time interval as
desired, by changing a method of setting the address groups.

Preferably, a three-dimensional echo data acquisition
space is formed by forming the ultrasonic beam at each of
the plurality of beam addresses constituting the beam
address array, and the ultrasonic image is an image repre-
senting the three-dimensional echo data acquisition space.

Preferably, the three-dimensional echo data acquisition
space is divided into a plurality of partial spaces, and each
of the address groups corresponds to each of the partial
spaces.
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Preferably, each of the partial spaces is composed of one
or more scanning planes, and each of the scanning planes is
composed of a plurality of ultrasonic beams which are
sequentially formed in the electronic scanning direction.

Preferably, the image forming means uses two items of
echo data obtained at a same beam address at a predeter-
mined time interval, to form an ultrasonic image represent-
ing a change within the predetermine time interval.

Preferably, the image forming means includes a differen-
tial operation unit for executing a differential operation with
regard to the two items of echo data.

Preferably, the ultrasonic image is an image representing
an ultrasonic contrast agent injected into a living body.

Preferably, the beam forming means includes a transducer
unit having a one-dimensional array transducer for electroni-
cally scanning the ultrasonic beams; and a mechanical
scanning mechanism for moving the transducer unit for
mechanical scanning.

Preferably, the mechanical scanning mechanism moves
the transducer unit for mechanical scanning in accordance
with the iterative sequence.

Preferably, in the process of moving the transducer unit
forward in the mechanical scanning direction, the mechani-
cal scanning mechanism causes the transducer unit to move
backward in steps.

Preferably, the beam forming means includes a two-
dimensional array transducer, and the ultrasonic beams are
electronically scanned two-dimensionally.

Preferably, the beam forming means performs scanning of
the ultrasonic beams in the first scanning direction to form
a scanning plane, and moves the position of the scanning
plane forward in the second scanning direction, and in the
process of moving the position of the scanning plane for-
ward in the second scanning direction, such forward move-
ment is repeated for each section corresponding to each of
the address groups.

Preferably, the plurality of address groups are provided in
a matrix with regard to the beam address array.

Preferably, each of the address groups is composed of a
plurality of beam address lines, and ultrasonic beams are
electronically scanned for each of the beam address lines.

Preferably, each of the address groups is composed of a
plurality of beam addresses randomly provided in the beam
address array.

Preferably, the beam address array is composed of a
plurality of receiving beam addresses, and at each of the
address groups, for one transmission and reception of the
ultrasonic beam, one transmitting beam is formed and a
plurality of receiving beams are concurrently formed.

(2) In order to achieve the foregoing objects, in accor-
dance with another aspect of the present invention, an
ultrasonic diagnostic apparatus comprises a setting section
for setting a plurality of address groups with regard to a
two-dimensional beam address array; a sequencer for setting
a sequence used for selecting a plurality of beam addresses
constituting the beam address array while selecting beam
addresses repeatedly for each of the address groups; an
address controller for selecting beam addresses in accor-
dance with the sequence set by the sequencer; a beam former
for forming an ultrasonic beam at 2 beam address selected by
the address controller; and an image forming section for
forming an ultrasonic image based on echo data obtained by
formation of the ultrasonic beam.

Preferably, for each of the address groups, a step of
sequentially selecting a plurality of beam addresses of the
address group is repeated at least twice.

Preferably, the beam address array is composed of a
plurality of receiving beam addresses, and for each of the
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address groups, a step of collectively selecting a plurality of
receiving beam addresses of the address group is repeated at
least twice.

(3) In accordance with still another aspect of the present
invention, an ultrasonic diagnostic apparatus for forming a
three-dimensional echo data acquisition space within tissue
of a living body in which an ultrasonic contrast agent is
injected, comprises means for setting a plurality of partial
spaces in the three-dimensional echo data acquisition space;
means for effecting beam scanning with regard to the three
dimensional echo data acquisition space by repeating trans-
mission and reception of an ultrasonic wave a plurality of
times for each of the partial spaces; means for forming a
partial image representing the existence or behavior of the
ultrasonic contrast agent based on echo data obtained by
transmitting and receiving an ultrasonic wave a plurality of
times for each of the partial spaces; and means for synthe-
sizing partial images regarding the plurality of partial spaces
to form an ultrasonic image.

(4) In accordance with an even further aspect of the
present invention, a two-dimensional ultrasonic beam scan-
ning method for forming a three-dimensional echo data
acquisition space, comprises the steps of determining a
plurality of partial spaces with regard to the three dimen-
sional echo data acquisition space; setting a sequence used
for sequentially selecting the plurality of partial spaces while
selecting each of the plurality of partial spaces a plurality of
times; and two-dimensionally scanning an ultrasonic beam
in accordance with the sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the invention will be explained
in the description below, in connection with the accompa-
nying drawings, in which:

FIG. 1 is a conceptual view showing a main part of an
ultrasonic probe for use in acquisition of three-dimensional
echo data according to an embodiment of the present inven-
tion;

FIG. 2 is a diagram showing n beam addresses (a beam
address array);

FIG. 3 a diagram for explaining a conventional address
selection sequence;

FIG. 4 is a diagram for explaining an address selection
sequence according to one embodiment of the present inven-
tion;

FIG. 5 is a diagram for explaining an address selection
sequence according to another embodiment of the present
invention;

FIG. 6 is a diagram for explaining an address selection
sequence according to still another embodiment of the
present invention;

FIG. 7 is a block diagram showing a ultrasonic diagnostic
apparatus according to an embodiment of the present inven-
tion; and

FIG. 8 is a diagram for explaining an address selection
sequence used when a plurality of receiving beams are
formed simultaneously for one transmitting beam.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments of the present invention will be
described with reference to the drawings.

FIG. 1 is a perspective view schematically showing a
structure of an ultrasonic probe 10 used for acquiring
three-dimensional echo data, which is contained in an ultra-
sonic diagnostic apparatus.
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A three-dimensional echo data acquiring ultrasonic probe
10 includes an array transducer unit 12, a mechanical
scanning mechanism 13, and a position detector (not
shown). The array transducer unit 12 includes an array
transducer (not shown) which is composed of a plurality of
transducer elements arranged in a line. This array transducer
unit 12 is used for electronic scanning of an ultrasonic beam
24. While an example of electronic linear scanning is
illustrated in FIG. 1, electronic scanning includes other types
of scanning such as electronic sector scanning. By the
electronic scanning of the ultrasonic beam 24, a scanning
plane 22, which is of a rectangular shape in FIG. 1, is
formed. With electronic sector scanning, on the other hand,
the scanning plane 22 would have a sector shape. Normally,
one transmission/reception of an ultrasonic wave produces
one transmitting beam and one receiving beam. However, it
is possible to form a plurality of receiving beams simulta-
neously with respect to one transmitting beam (a broad
transmitting beam), as will be described later.

The mechanical scanning mechanism 13 includes a driv-
ing motor 16, a feed screw 16, and a bearing part 18 for
moving the array transducer unit 12 for mechanical scan-
ning. Specifically, because the bearing part 18 is fitted onto
the feed screw 14, when the driving motor 16 is rotated in
one direction, the array transducer unit 12 moves toward one
direction (forward direction) in the Z direction. When the
driving motor 16 is rotated in the other direction, on the
other hand, the array transducer unit 12 moves to the other
direction (backward direction) in the Z direction. As will be
described later, during the forward movement of the array
transducer unit 12 in the Z direction, the array transducer
unit 12 is caused to move backward at respective steps of the
forward movement. Namely, the mechanical scanning is
carried out in a manner similar to a backstitch movement.

A wave transmitting/receiving surface (a bottom surface
in FIG. 1) of the array transducer unit 12 may be brought
into direct contact with a surface of a living body.
Alternatively, a coupling liquid may be provided between
the wave transmitting/receiving surface and the surface of
the living body. In the latter case, the coupling liquid is
stored within a case (not shown) of the ultrasonic probe 12.
As will be described in further detail later, when a two-
dimensional array transducer is used, the above-described
mechanical scanning can be replaced by electronic scanning.
Namely, electronic scanning of the ultrasonic beams can be
effected in both X and Z directions. While the ultrasonic
probe 10 is preferably used in contact with the surface of a
living body, it is also possible to insert the ultrasonic probe
10 into a tubular tissue such as esophagus, rectum, blood
vessel, and so on. Further, whereas a subject of diagnosis is
preferably a human body, it can also be an animal other than
a human.

As described above, the electronic scanning (the first
scanning) of the ultrasonic beam 24 and the mechanical
scanning (the second scanning) of the scanning plane 22 are
performed. In general, electronic scanning is performed at a
much higher rate than mechanical scanning. Therefore, by
carrying out mechanical scanning while electronic scanning
is being repeated, a three-dimensional echo data acquisition
space 20 is formed. The three-dimensional echo data acqui-
sition space 20 can be regarded as a collection of many
scanning planes 22. While the three-dimensional echo data
acquisition space 20 in FIG. 1 is cubic, when electronic
sector scanning is effected, it would be substantially a
pyramid shape. In FIG. 1, the Y direction indicates a depth
direction along the ultrasonic beam 24, the X direction
indicates an electronic scanning direction (the first scanning
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direction), and the Z direction is a mechanical scanning
direction (the second scanning direction).

FIG. 2 shows a two-dimensional beam address array 30,
which is formed on the X-Z plane. In FIG. 2, each beam
address (a center point for forming an ultrasonic beam) is
indicated by a block circle. More specifically, the beam
address array 30 is composed of n beam addresses #1~#n.
Formation of the ultrasonic beams (a transmitting wave
beam and a receiving wave beam) at the respective beam
addresses constituting the beam address array 30 results in
formation of a three-dimensional echo data acquisition
space. A plurality of beam addresses arranged in a line in the
X direction (a beam address line) corresponds to a scanning
plane 22. The scanning plane 22 is slightly inclined toward
the Z direction (see FIG. 2), because, during the electronic
scanning of the ultrasonic beams, mechanical scanning is
also carried out by moving the scanning plane 22 in the
direction normal to the electronic scanning direction.
However, such an inclination of the scanning plane 22 can
be in fact disregarded, as the rate of electronic scanning is
typically higher than that of mechanical scanning. It is also
possible to temporarily stop the array transducer unit 12
intermittently at the respective positions along the Z direc-
tion and carry out electronic scanning at the respective stop
positions. (In this case, the scanning plane 22 is not
inclined). Further, when a two-dimensional array transducer
is employed, the above-mentioned inclination can be elimi-
nated.

In the present embodiment, the n beam addresses (the
beam address array 30) are virtually sectioned into a plu-
rality of address groups, which are indicated by S1, S2, S3
and S4 in FIG. 2. For example, the address group S1 is
composed of 1 beam addresses from the beam address #1 to
the beam address #i. Similarly, each of other address groups
S2 to S4 also contains 1 beam addresses. While it is prefer-
able that all the address groups include the same number of
beam addresses, the number of addresses may differ among
the address groups. Also, the number of address groups (or
the number of beam addresses forming each address group)
may be variable and may be set by a user. Alternatively,
these numbers may be variable and may be automatically set
in accordance with the operation mode or the measuring
condition.

In this embodiment, in the process of forming a single
three-dimensional echo data acquisition space, for each
address group, scanning of a series of beam addresses of that
address group is carried out twice. Specifically, when atten-
tion is focused on the address group S1, for example, the
beam addresses #1 to #i are first sequentially selected one by
one (ultrasonic beams are sequentially formed), and then the
beam addresses #1 to #i are sequentially selected one by one
(ultrasonic beams are sequentially formed) once again. This
iterative scanning is carried out for each of the address
groups, so that finally the ultrasonic beams are formed twice
for each of the beam addresses. Thus, a series of beam
addresses are sequentially selected according to this “itera-
tive sequence”, thereby forming the three-dimensional echo
data acquisition space. In this case, the array transducer unit
12 moves backward by a predetermined distance at the
respective steps during the forward movement thereof in the
Z direction. Then, the three-dimensional echo data acquisi-
tion spaces 20 are formed in a repeated manner as necessary.
The three-dimensional echo data acquisition space 20 may
be formed only when the forward scanning in the Z direction
is carried out or may be formed during both the forward and
backward scanning in the Z direction. In any case, when the
three-dimensional echo data acquisition spaces 20 are
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formed repeatedly, the same iterative sequence may be
applied or different iterative sequences may be applied.
Further, while the number of scanning operations carried out
for each address group is preferably twice, it can be set to
three times or more.

Referring to FIGS. 3 and 4, a conventional address
scanning method and the address scanning method of the
present embodiment will be compared. FIG. 3 shows a
conventional address scanning method and FIG. 4 shows the
address scanning method of the present embodiment. In
FIGS. 3 and 4, the horizontal axis represents the Z direction
and the vertical axis represents an elapsed time t. Here, it is
assumed that both the electronic scanning rate and the
mechanical scanning rate are the same in the conventional
method and the method of the present embodiment.

As shown in FIG. 3, in the conventional method, the beam
addresses are not divided into groups, and the beam
addresses are sequentially selected one by one from the first
beam address to the n-th (last) beam address. Namely when
attention is paid to one address scanning operation as a
whole, each address is selected only once. Therefore, 4 T is
required for scanning all the beam addresses, and 8 T is
required for carrying out address scanning twice so as to
obtain a differential image.

According to the present embodiment, on the other hand,
as shown in FIG. 4, address scanning is carried out twice
(two-times of sub-scanning) for cach address group.
Specifically, with regard to the address group S1, for
example, the first address scanning operation is carried out,
which takes time T, and subsequently the second address
scanning operation is carried out, which takes another time
T. Then, with regard to the address group S2, the first address
scanning which takes time T is carried out and this is
followed by the second address scanning which takes
another time 7. In this manner, address scanning is similarly
carried out with regard to the address groups S3 and S4. As
a result, 8 T is required for carrying out address scanning for
all the beam addresses.

Therefore, when the time required for one scanning
operation in the Z direction from the start point to the end
point is simply compared between the conventional method
and the method of the present embodiment, the method of
the present embodiment takes twice as much time as the
conventional method. However, the total time required for
forming a differential image is 8 T for both the conventional
method and the method of the present embodiment. Accord-
ing o the present embodiment, address scanning is carried
out twice for each address group (namely, for each “partial
space” in the three-dimensional echo data acquisition
space). In this case, the time interval between the two
address scanning operations is short. When attention is
focused on a certain beam address, for example, according
to the present embodiment, the time required from the first
wave transmission/reception (formation of an ultrasonic
beam) to the second wave transmission/reception (formation
of an ultrasonic beam) can be a quarter that required for the
conventional method. This makes it possible to achieve two
beam scanning operations with a short interval between
them for each partial space corresponding to each address
group. As a result, it is possible to clearly image sharp
changes caused in the partial space. This advantage can be
achieved over the whole three-dimensional echo data acqui-
sition space.

Therefore, when, for example, an ultrasonic contrast
agent is injected into a living body and the behavior of the
ultrasonic contrast agent within the living body is observed
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from the time point immediately after the injection, it is
possible to perform a differential operation on two items of
image data (which may be either pixel data or echo data) for
each partial space. This results in formation of an ultrasonic
image which accurately reflects the behavior of the ultra-
sonic contrast agent. It should be noted, however, the
differential operation is not necessarily performed.

FIGS. 5 and 6 illustrate other example scanning methods.
In the example shown in FIG. §, the beam address array 30
is divided into a plurality of blocks B1~Bm which are
arranged in a matrix. For each block, a plurality of ultrasonic
beam scanning operations are carried out concurrently, and
such beam scanning is repeated twice. This method also
provides an operational effect similar to that in the method
of FIG. 4. It should be noted that when the beam addresses
selection method as shown in FIG. 5§ is employed, it is
preferable to use a two-dimensional array transducer so that
electronic scanning in both X and Z directions can be
achieved. This is similarly applied to the method shown in
FIG. 6, which will be described below.

In the example arrangement shown in FIG. 6, one address
group is composed of a plurality of addresses indicated by
black circles which are randomly arranged, and a plurality of
such address groups are included in the beam address array
30 as a whole. As in the examples described above, address
scanning is carried out a plurality of times for each address
group. This method can also provide the operational advan-
tage which is similar to that in the above-described methods.

FIG. 8 shows a still another example of a scanning
method. A two-dimensional array transducer is used in this
example. Many “receiving” beam addresses indicated by
black dots which are arranged in a matrix are shown in the
beam address array 30. A transmitting beam address 52 is
indicated by a symbol X. The beam address array 30 is
divided into m blocks 50, namely a block 50-1~a block
50-m. For each of the first to the m-th blocks, transmission
and reception of ultrasonic waves is performed twice in
sequence. Specifically, in the block 50-1, one broad trans-
mitting beam is formed about the transmitting beam address
X, and immediately after that, 16 receiving beams, for
example, are concurrently formed. Subsequently, with
regard to this block 50-1, the similar transmission and
reception of ultrasonic waves is repeated. Next, with regard
to the block 50-2, transmission and reception of ultrasonic
waves is performed twice in a manner similar to that in the
block 50-1. This operation is repeated until the ultrasonic
wave transmission and reception is performed with regard to
the last block 50-m. In summary, ultrasonic wave transmis-
sion and reception is carried out (2xm) times for the whole
beam address array 30. This method also allows acquisition
of two items of image data (echo data) for each block within
a short time period.

FIG. 7 is a block diagram showing the overall structure of
an ultrasonic diagnostic apparatus for implementing the
scanning method shown in FIG. 4.

The three-dimensional echo data acquiring ultrasonic
probe 10 includes an array transducer unit 12, a mechanical
scanning mechanism 13, a position detector 15 or the like,
as shown in FIG. 1.

The position detector 13 detects the position of the array
transducer unit 12 in the mechanical scanning direction or
the Z direction, and outputs a detection signal to a control
section 36 which will be described later. A transmission
section 32 is connected with the array transducer unit 12,
and a plurality of transmitting signals are supplied from the
transmission section 36 to a plurality of transducer elements.
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A reception section 34 is also connected with the array
transducer unit 12, and a plurality of receiving signals are
supplied from the plurality of transducer elements to the
reception section. In the reception section 34, a phase-shift
and addition operation is performed with respect to the
plurality of receiving signals. Namely, the transmission
section 32 functions as a so-called transmitting beam former
and the reception section 34 functions as a receiving beam
former. When k receiving beams are formed per one trans-
mitting beam, normally k reception sections are provided in
parallel.

The control section 36 controls the electronic and
mechanical scanning in accordance with the iterative
sequence for address selection, which is used for achieving
the iterative address scanning for each address group.

A sequence setting section 40 is formed as input means
which is operated by a user. The sequence setting section 40
enables the user to set the address groups as desired and to
set the number of iterative address scans for each address
group as desired. Data regarding the iterative selection
sequence thus set is stored in a memory provided in the
control section 36. The control section 36 controls the
mechanical scanning by means of the mechanical scanning
mechanism 13 and the electronic scanning of the ultrasonic
beams in accordance with the iterative sequence data read
from the memory. When a control signal is input to a driver
38 from the control section 36, the driver 38 supplies a drive
signal to the driving motor in the mechanical scanning
mechanism 13 in accordance with the control signal.

In the example structure shown in FIG. 7, two three-
dimensional (3D) memories 42, 44 are provided down-
stream of the reception section 34. The 3D memory 42
stores, for each address group, a plurality of receive signals
(an echo data set) obtained by the first scanning. The 3D
memory 44 stores, for each address group, a plurality of
receive signals (an echo data set) obtained by the second
scanning. As a matter of course, these memories can be
formed as a single memory.

An image processing section 46 has a function to
calculate, for each address group, a difference between the
echo data (or image data) obtained by the first address
scanning and the echo data (or image data) obtained by the
second address scanning, thereby forming a three-
dimensional differential image. In this manner, a partial
differential image (a partial image) is formed for each
address group (namely, for each partial space). The image
processing section 46 combines a plurality of partial images
to thereby form a three-dimensional differential image
which represents a whole three-dimensional echo data
acquisition space. The three-dimensional differential image
thus formed is displayed on the display section 48. The
processing method used by the image processing section is
not limited to the differential operation described above. For
example, it is possible to combine the echo data obtained by
the fist beam scanning and the echo data obtained by the
second beam scanning using a predetermined operation.
Methods of forming a three-dimensional image include
various methods such as integration, maximum detection,
average detection, volume rendering, and so on.

As described above, the three-dimensional differential
image enables the behavior or change of an ultrasonic
contrast agent, for example, to be clearly visualized. This
leads to an advantage that information important for diag-
nosis of a disease can be provided.

In the present embodiment, it is also possible to make an
address group correspond to one scanning plane. Further,

30
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while the array transducer unit 12 is moved for mechanical
scanning in the embodiment shown in FIG. 7, it is also
possible to use a two-dimensional array transducer so that
address scanning in accordance with the iterative sequence
which is similar to that described above can be achieved
under the electronic control of the transducer, as described
above. This method is more convenient because the neces-
sity of actually moving the array transducer can be elimi-
nated.

As described above, according this embodiment, it is
possible to provide a new address scanning method for
forming a three-dimensional echo data acquisition space.
This address scanning method is especially suitable for
forming an image of an ultrasonic contrast agent.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

group setting means for setting a plurality of address
groups with regard to a beam address array which
corresponds to a three-dimensional echo data acquisi-
tion space, each address group corresponding to each
partial space within the three-dimensional echo data
acquisition space;

sequence setting means for setting an iterative sequence
of beam addresses, which is used for selecting a plu-
rality of beam addresses constituting said beam address
array wile selecting beam addresses repeatedly for each
of said address groups;

address selecting means for selecting the beam addresses
in accordance with the iterative sequence which is set
by said sequence setting means;

beam forming means for forming an ultrasonic beam at a
beam address selected by means of said address select-
ing means to thereby repeatedly form a set of ultrasonic
beams for every partial space; and

image forming means for forming an ultrasonic image
which represents existence or behavior of an ultrasonic
contrast agent within the three-dimensional echo data
acquisition space based on echo data acquired by
repeatedly forming a set of ultrasonic beams for every
partial space.

2. An ultrasonic diagnostic apparatus according to claim

1, wherein

each of said partial spaces is composed of one or more
scanning planes, and

cach of said scanning planes is composed of a plurality of
ultrasonic beams which are sequentially formed in the
electronic scanning direction.

3. An ultrasonic diagnostic apparatus according to claim

1, wherein

said image forming means uses two items of echo data
obtained at the same beam address at a predetermined
time interval, to form an ultrasonic image representing
a change within said predetermine time interval.

4. An ultrasonic diagnostic apparatus according to claim

3, wherein

said image forming means includes a differential opera-
tion unit for executing a differential operation with
regard to said two items of echo data.

5. An ultrasonic diagnostic apparatus according to claim

1, wherein

said beam forming means includes:

a transducer unit having a one-dimensional array trans-
ducer for electronically scanning said ultrasonic beams;
and

a mechanical scanning mechanism for moving said trans-
ducer unit for mechanical scanning.
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6. An ultrasonic diagnostic apparatus according to claim
5, wherein

said mechanical scanning mechanism moves said trans-
ducer unit for mechanical scanning in accordance with
said iterative sequence.

7. An ultrasonic diagnostic apparatus according to claim

6, wherein

in the process of moving said transducer unit forward in
the mechanical scanning direction, said mechanical
scanning mechanism causes said transducer unit to
move backward in steps.

8. An ultrasonic diagnostic apparatus according to claim

1, wherein

said beam forming means includes a two-dimensional
array transducer, and

said ultrasonic beams are electronically scanned two-
dimensionally.

9. An ultrasonic diagnostic apparatus according to claim

1, wherein

said beam forming means performs scanning of said
ultrasonic beams in the first scanning direction to form
a scanning plane, and moves the position of said
scanning plane forward in the second scanning
direction, and

in the process of moving the position of said scanning
plane forward in the second scanning direction, such
forward movement is repeated for each section corre-
sponding to each of said address groups.

10. An ultrasonic diagnostic apparatus according to claim

1, wherein

said plurality of address groups are provided in a matrix
with regard to said beam address array.

11. An ultrasonic diagnostic apparatus according to claim

10, wherein

each of said address groups is composed of a plurality of
beam address lines, and

ultrasonic beams are electronically scanned for each of
said beam address lines.

12. An ultrasonic diagnostic apparatus according to claim

1, wherein

each of said address groups is composed of a plurality of
beam addresses randomly provided in said beam
address array.

13. An ultrasonic diagnostic apparatus according to claim

1, wherein

said beam address array is composed of a plurality of
receiving beam addresses, and

at each of said address groups, for one transmission and
reception of said ultrasonic beam, one transmitting
beam is formed and a plurality of receiving beams are
concurrently formed.

14. An ultrasonic diagnostic apparatus comprising:

a setting section for setting a plurality of address groups
with regard to a two-dimensional beam address array
which corresponds to a three-dimensional echo data
acquisition space, each address group corresponding to
each partial space within the three-dimensional echo
data acquisition space;

12

a sequencer for setting a sequence used for selecting a
plurality of beam addresses constituting said beam
address array while selecting beam addresses repeat-
edly for each of said address groups;

5 an address controller for selecting beam addresses in

accordance with the sequence set by said sequencer;

a beam former for forming an ultrasonic beam at a beam
address selected by said address controller to thereby
repeatedly form a set of ultrasonic beams for every
partial space; and

an image forming section for forming an ultrasonic image
which represents existence or behavior of an ultrasonic
contrast agent within the three-dimensional echo data
acquisition space based on echo data obtained by
repeatedly forming a set of ultrasonic beams for every
partial space.

15. An ultrasonic diagnostic apparatus according to claim

14, wherein

for each of said address groups, a step of sequentially
selecting a plurality of beam addresses of the address
group is repeated at least twice.

16. An ultrasonic diagnostic apparatus according to claim

14, wherein

5 said beam address array is composed of a plurality of

receiving beam addresses, and

for each of said address groups, a step of collectively
selecting a plurality of receiving beam addresses of the
address group is repeated at least twice.

30 17. An ultrasonic diagnostic apparatus for forming a
three-dimensional echo data acquisition space within tissue
of a living body in which an ultrasonic contrast agent is
injected, said apparatus comprising:

means for setting a plurality of partial spaces in said

35 three-dimensional echo data acquisition space;

means for effecting beam scanning with regard to said
three dimensional echo data acquisition space by
repeating transmission and reception of an ultrasonic
wave plurality of times for each of said partial spaces;

40 means for forming a partial image representing the exist-

ence or behavior of said ultrasonic contrast agent based

on echo data obtained by transmitting and receiving an
ultrasonic wave a plurality of times for each of said
partial spaces; and
means for synthesizing partial images regarding said
plurality of partial spaces to form an ultrasonic image.
18. A two-dimensional ultrasonic beam scanning method
for forming a three-dimensional echo data acquisition space
within tissue of a living body in which an ultrasonic contrast

15

50 agent is injected, said method comprising the steps of:
determining a plurality of partial spaces with regard to
said three dimensional echo data acquisition space;
setting a sequence used for sequentially selecting said
5s plurality of partial spaces while selecting each of said

plurality of partial spaces a plurality of times; and
two-dimensionally scanning an ultrasonic beam in accor-

dance with said sequence, in which a set of ultrasonic

beams is repeatedly formed in each partial space.
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