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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
diagnostic apparatus, and more specifically to an ultra-
sonic diagnostic apparatus for forming a three-dimen-
sional (3D) echo data acquisition space.

BACKGROUND ART

[0002] Ultrasonic diagnostic apparatuses for forming
a three-dimensional ultrasonic image have been put into
practice. Such an ultrasonic diagnostic apparatus com-
prises an array transducer unit having a plurality of trans-
ducer elements for effecting electronic scanning with an
ultrasonic beam, a mechanical scanning mechanism for
moving the array transducer unit for mechanical scan-
ning, and so on. With the above-described structure, an
ultrasonic diagnostic apparatus creates a three-dimen-
sional 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 scan-
ning of the ultrasonic beams. Namely, the scanning plane
is composed of a plurality of ultrasonic beams (sound
rays). Accordingly, the three-dimensional echo data ac-
quisition space is a collection of ultrasonic beams (an
ultrasonic beam array). On the other hand, other types
of ultrasonic diagnostic apparatuses which form a three-
dimensional echo data acquisition space using a two-
dimensional (2D) array transducer which includes a plu-
rality 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 scan-
ning).

[0003] In recent years, ultrasonic diagnostic appara-
tuses for forming an image by using echoes reflected
froman ultrasonic contrast agent which has beeninjected
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 ultra-
sonic contrast agent is composed of a very large number
of microbubbles (very small bubbles having a predeter-
mined 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 compo-
nents or higher harmonic wave components of these ech-
oes, an ultrasonic image is formed.

[0004] It is possible to clearly visualize the existence

10

15

20

25

30

35

40

45

50

55

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 ultrasonic contrast agent.

[0005] In general, an ultrasonic contrast agent is con-
tinuously injected into tissue of a living body for a deter-
mined 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 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 microbub-
bles of the ultrasonic contrast agent destruct or disappear
at thefirstirradiation of ultrasonic waves, and the second
irradiation of the ultrasonic waves is not performed im-
mediately after the first irradiation. Namely, assume that
the second ultrasonic irradiation is not performed until a
sufficient amount of the ultrasonic contrast agent is sup-
plied to that local region through the blood flow. In such
a case, there is not a significant difference between the
data obtained from the first irradiation and data obtained
from the second irradiation.

[0006] Further explanation will be given. Convention-
ally, when the three-dimensional echo data acquisition
space is formed, the scanning plane is scanned (me-
chanically, for example) at a fixed rate, as described
above. In such scanning, one 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 comparing
the two items of data.

[0007] US 5,233,993 describes an ultrasonic diagnos-
tic apparatus which can display fast-moving and slow-
moving tissue in an easily observable state. This appa-
ratus transmits and receives ultrasonic beams in different
angles in a slice. To be able to form a movement image
of a quickly moving object measurement in each direc-
tion, defined by different angles, is performed twice. To
prove this method the directions are grouped in several
sets and the measurement in one set is formed twice
before a measurement is performed in the next set.
[0008] A similar method is disclosed in US 4,790,321,
with the difference, that the slice is not separated in plural
directions but scanning angles.

DISCLOSURE OF THE INVENTION

[0009] The presentinvention was conceived in view of
the aforementioned drawbacks of the related art and an
object of the present invention is to provide a new ultra-
sonic beam scanning method for forming a three-dimen-
sional echo data acquisition area.

[0010] Anotherobjectof the presentinvention s to pro-
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vide optimum beam scanning for displaying, as an ultra-
sonicimage, behavior or change of an ultrasonic contrast
agent.

[0011] Still another object of the present invention is
to enable measurement of an instantaneous phenome-
non within a three-dimensional data acquisition area.
[0012] In order to achieve the foregoing objects, in ac-
cordance with the present invention, an ultrasonic diag-
nostic apparatus comprises the features according to
claim 1.

[0013] Accordingtothe above structure, inthe process
of selecting 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.

[0014] According to claim 2 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 ul-
trasonic beams which are sequentially formed in the elec-
tronic scanning direction

[0015] According to claim 3 the image forming means
uses two items of echo data obtained at a same beam
address at a predetermined time interval, to form an ul-
trasonic image representing a change within the prede-
termine time interval.

[0016] According to claim 4 the image forming means
includes a differential operation unit for executing a dif-
ferential operation with regard to the two items of echo
data.

[0017] According to claim 5 the ultrasonic image is an
image representing an ultrasonic contrast agent injected
into a living body,

[0018] According to claim 6 the beam forming means
includes a two-dimensional array transducer, and the ul-
trasonic beams are electronically scanned two-dimen-
sionally.

[0019] According to claim 7 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 po-
sition of the scanning plane forward in the second scan-
ning direction, such forward movement is repeated for
each section corresponding to each of the address
groups.

[0020] According to claim 8 the plurality of address
groups are provided in a matrix with regard to the beam
address array.

[0021] Accordingto claim 9 each ofthe address groups
is composed of a plurality of beam address lines, and
ultrasonic beams are electronically scanned for each of
the beam address lines.

[0022] According to claim 10 each of the address
groups is composed of a plurality of beam addresses
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randomly provided in the beam address array.

[0023] According to claim 11 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.

[0024] In accordance with the present invention, an
ultrasonic diagnostic apparatus comprises a setting sec-
tion 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 accordance with the sequence set
by the sequencer; a beam former for forming an ultra-
sonic beam at a beam address selected by the address
controller; and an image forming section for forming an
ultrasonic image based on echo data obtained by forma-
tion of the ultrasonic beam.

[0025] According to claim 12 for each of the address
groups, a step of sequentially selecting a plurality of beam
addresses of the address group is repeated atleast twice.
[0026] According to claim 13 the beam address array
is composed of a plurality of receiving beam addresses,
and for each of the address groups, a step of collectively
selecting a plurality of receiving beam addresses of the
address group is repeated at least twice.

[0027] In accordance with claim 14 of the present in-
vention, an ultrasonic diagnostic apparatus for forming a
three-dimensional echo data acquisition space within tis-
sue of a living body in which an ultrasonic contrast agent
is injected, comprises means for setting a plurality of par-
tial 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 transmission and reception of an ultrasonic
wave a plurality of times for each of the partial spaces;
means for forming a partial image representing the ex-
istence 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 synthesizing partial images re-
garding the plurality of partial spaces to form an ultrasonic
image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and other objects of the invention will be
explained in the description below, in connection with the
accompanying 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 invention;

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

FIG. 3 a diagram for explaining a conventional ad-
dress selection sequence;

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

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

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

FIG. 7 is a block diagram showing a ultrasonic diag-
nostic apparatus according to an embodiment of the
present invention; and

FIG. 8 is a diagram for explaining an address selec-
tion sequence used when a plurality of receiving
beams are formed simultaneously for one transmit-
ting beam.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] Preferred embodiments of the present inven-
tion will be described with reference to the drawings.
[0030] Fig. 1isa perspective view schematically show-
ing a structure of an ultrasonic probe 10 used for acquir-
ing three-dimensional echo data, which is contained in
an ultrasonic diagnostic apparatus.

[0031] A three-dimensional echo data acquiring ultra-
sonic probe 10 includes an array transducer unit 12, a
mechanical scanning mechanism 13, and a position de-
tector (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 s illustrated in Fig. 1, electronic scanning
includes other types of scanning such as electronic sec-
tor 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 scan-
ning, on the other hand, the scanning plane 22 would
have a sector shape. Normally, one transmission/recep-
tion of an ultrasonic wave produces one transmitting
beam and one receiving beam. However, it is possible
to form a plurality of receiving beams simultaneously with
respect to one transmitting beam (a broad transmitting
beam), as will be described later.

[0032] The mechanical scanning mechanism 13 in-
cludes a driving motor 16, a feed screw 16, and a bearing
part 18 for moving the array transducer unit 12 for me-
chanical scanning. 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)
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in the Z direction. As will be described later, during the
forward movement of the array transducer unit 12 in the
Zdirection, the array transducer unit 12 is caused to move
backward at respective steps of the forward movement.
Namely, the mechanical scanning is carried outin a man-
ner similar to a backstitch movement.

[0033] Awavetransmitting/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-de-
scribed mechanical scanning can be replaced by elec-
tronic scanning. Namely, electronic scanning of the ul-
trasonic beams can be effected in both X and Z directions.
While the ultrasonic probe 10is preferably usedin 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.
[0034] As described above, the electronic scanning
(the first scanning) of the ultrasonic beam 24 and the
mechanical scanning (the second scanning) of the scan-
ning plane 22 are performed. In general, electronic scan-
ning is performed at a much higher rate than mechanical
scanning. Therefore, by carrying out mechanical scan-
ning while electronic scanning is being repeated, a three-
dimensional echo data acquisition space 20 is formed.
The three-dimensional echo data acquisition 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 scan-
ning is effected, it would be substantially a pyramid
shape. InFig. 1,the Y direction indicates a depth direction
along the ultrasonic beam 24, the X direction indicates
an electronic scanning direction (the first scanning direc-
tion), and the Z direction is a mechanical scanning direc-
tion (the second scanning direction).

[0035] 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 ultra-
sonic beam) is indicated by a block circle. More specifi-
cally, 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-dimen-
sional 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 direc-
tion (see Fig. 2), because, during the electronic scanning
of the ultrasonic beams, mechanical scanning is also car-
ried out by moving the scanning plane 22 in the direction
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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 direction and carry out electronic scanning at the re-
spective stop positions. (In this case, the scanning plane
22isnotinclined). Further, when atwo-dimensional array
transducer is employed, the above-mentioned inclination
can be eliminated.

[0036] In the present embodiment, the n beam ad-
dresses (the beam address array 30) are virtually sec-
tioned into a plurality of address groups, which are indi-
cated by S1, S2, S3 and S4 in Fig. 2. For example, the
address group S1is composed of i beam addresses from
the beam address #1 to the beam address #i. Similarly,
each of other address groups S2 to S4 also contains i
beam addresses. While it is preferable that all the ad-
dress groups include the same number of beam address-
es, the number of addresses may differ among the ad-
dress 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. Alter-
natively, these numbers may be variable and may be
automatically set in accordance with the operation mode
or the measuring condition.

[0037] Inthis embodiment, in the process of forming a
single three-dimensional echo data acquisition space, for
each address group, scanning of a series of beam ad-
dresses of that address group is carried out twice. Spe-
cifically, when attention 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 "it-
erative sequence", thereby forming the three-dimension-
al 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 move-
ment thereof in the Z direction. Then, the three-dimen-
sional echo data acquisition 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 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.
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[0038] Referring to Figs. 3 and 4, a conventional ad-
dress scanning method and the address scanning meth-
od 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 repre-
sents the Z direction and the vertical axis represents an
elapsedtimet. Here, itis 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.

[0039] AsshowninFig. 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 ad-
dress. Namely when attention is paid to one address
scanning operation as a whole, each address is selected
only once. Therefore, 41 is required for scanning all the
beam addresses, and 8t is required for carrying out ad-
dress scanning twice so as to obtain a differential image.
[0040] According to the present embodiment, on the
other hand, as shown in Fig. 4, address scanning is car-
ried out twice (two-times of sub-scanning) for each ad-
dress group. Specifically, with regard to the address
group S1, for example, the first address scanning oper-
ation is carried out, which takes time 1, and subsequently
the second address scanning operation is carried out,
which takes another time 1. Then, with regard to the ad-
dress group S2, the first address scanning which takes
time 1 is carried out and this is followed by the second
address scanning which takes another time t. In this man-
ner, address scanning is similarly carried out with regard
to the address groups S3 and S4. As a result, 8t is re-
quired for carrying out address scanning for all the beam
addresses.

[0041] Therefore, when the time required for one scan-
ning operation in the Z direction from the start point to
the end point is simply compared between the conven-
tional method and the method of the present embodi-
ment, 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 8t
for both the conventional method and the method of the
present embodiment. According to the present embodi-
ment, address scanning is carried out twice for each ad-
dress 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 op-
erations is short. When attention is focused on a certain
beam address, for example, according to the present em-
bodiment, the time required from the first wave transmis-
sion/reception (formation of an ultrasonic beam) to the
second wave transmission/reception (formation of an ul-
trasonic beam) can be a quarter that required for the con-
ventional method. This makes it possible to achieve two
beam scanning operations with a short interval between
them for each partial space corresponding to each ad-
dress group. As a result, it is possible to clearly image
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sharp changes caused in the partial space. This advan-
tage can be achieved over the whole three-dimensional
echo data acquisition space.

[0042] Therefore, when, for example, an ultrasonic
contrast agent is injected into a living body and the be-
havior of the ultrasonic contrast agent within the living
body is observed from the time point immediately after
the injection, it is possible to perform a differential oper-
ation on two items of image data (which may be either
pixel data or echo data) for each partial space. This re-
sults in formation of an ultrasonic image which accurately
reflects the behavior of the ultrasonic contrast agent. It
should be noted, however, the differential operation is
not necessarily performed.

[0043] Figs. 5 and 6 illustrate other example scanning
methods. In the example shown in Fig. 5, the beam ad-
dress 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 car-
ried out concurrently, and such beam scanning is repeat-
ed 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 sim-
ilarly applied to the method shown in Fig. 6, which will be
described below.

[0044] In the example arrangement shown in Fig. 6,
one address group is composed of a plurality of address-
es indicated by black circles which are randomly ar-
ranged, and a plurality of such address groups are in-
cluded in the beam address array 30 as a whole. As in
the examples described above, address scanning is car-
ried out a plurality of times for each address group. This
method can also provide the operational advantage
which is similar to that in the above-described methods.
[0045] Fig. 8 shows a still another example of a scan-
ning method. A two-dimensional array transducer is used
in this example. Many "receiving" beam addresses indi-
cated by black dots which are arranged in a matrix are
shown inthe beam address array 30. A transmitting beam
address 52 isindicated 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 per-
formed twice in sequence. Specifically, in the block 50-1,
one broad transmitting beam is formed about the trans-
mitting 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 repeat-
ed. 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 transmission and recep-
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tion is carried out (2 x m) times for the whole beam ad-
dress array 30. This method also allows acquisition of
two items of image data (echo data) for each block within
a short time period.

[0046] Fig. 7 is a block diagram showing the overall
structure of an ultrasonic diagnostic apparatus for imple-
menting the scanning method shown in Fig. 4.

[0047] The three-dimensional echo data acquiring ul-
trasonic probe 10 includes an array transducer unit 12,
a mechanical scanning mechanism 13, a position detec-
tor 15 or the like, as shown in Fig. 1.

[0048] The position detector 15 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 trans-
ducer unit 12, and a plurality of transmitting signals are
supplied from the transmission section 36 to a plurality
of transducer elements. A reception section 34 is also
connected with the array transducer unit 12, and a plu-
rality 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 sig-
nals. 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 transmitting beam,
normally k reception sections are provided in parallel.
[0049] The control section 36 controls the electronic
and mechanical scanning in accordance with the iterative
sequence for address selection, which is used for achiev-
ing the iterative address scanning for each address
group.

[0050] A sequence setting section 40 is formed as in-
put 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 ad-
dress 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.
[0051] In the example structure shown in Fig. 7, two
three-dimensional (3D) memories 42, 44 are provided
downstream 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.
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[0052] Animage processing section 46 has a function
to calculate, for each address group, a difference be-
tween the echo data (or image data) obtained by the first
address scanning and the echo data (or image data) ob-
tained 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 par-
tial images to thereby form a three-dimensional differen-
tial image which represents a whole three-dimensional
echo data acquisition space. The three-dimensional dif-
ferential 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 oper-
ation described above. For example, itis possible to com-
bine 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.

[0053] As described above, the three-dimensional dif-
ferential image enables the behavior or change of an
ultrasonic contrast agent, for example, to be clearly vis-
ualized. This leads to an advantage that information im-
portant for diagnosis of a disease can be provided.
[0054] In the present embodiment, it is also possible
to make an address group correspond to one scanning
plane. Further, 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-dimen-
sional array transducer so that address scanning in ac-
cordance with the iterative sequence which is similar to
that described above can be achieved under the elec-
tronic control of the transducer, as described above. This
method is more convenient because the necessity of ac-
tually moving the array transducer can be eliminated.
[0055] As described above, according this embodi-
ment, it is possible to provide a new address scanning
method for forming a three-dimensional echo data ac-
quisition space. This address scanning method is espe-
cially suitable for forming an image of an ultrasonic con-
trast agent.

Claims
1. An ultrasonic diagnostic apparatus (10) comprising:

- group setting means for setting a plurality of
address groups (S1, S2, S3, S4) with regard to
a two dimensional beam address array (30);

- said two-dimensional beam address array (30)
corresponds to a three dimensional echo data
acquisition space (20);

- each of said address groups (S1, S2, S3, S4)
correspond to partial spaces in which the three-

10

15

20

25

30

35

40

45

50

55

dimensional echo data acquisition space (20) is
divided;

- sequence setting means (40) for setting an it-
erative sequence (#1, #2, #3, ..., #i-1, #i, #1, #2,
#3, ..., #i-1, #i, #i+1, #i+2, ..., #n), of beam ad-
dresses, which is used for selecting a plurality
of beam addresses (#1-#n), wherein the se-
quence setting means (40) are selecting beam
addresses (#1-#i) of each of said address
groups (S1, S2, S3, S4) repeatedly;

- said beam addresses are constituting said
beam address array (30);

- address selecting means for selecting beam
addresses (#1-#n) in accordance with the itera-
tive sequence which is set by said sequence set-
ting means (40);

- beam forming means for forming an ultrasonic
beam (24) at a beam address (#1-#n) selected
by means of said address selecting means, said
beam forming means includes:

-- a transducer unit (12) having a one-di-
mensional array transducer (12) for elec-
tronically scanning said ultrasonic beams
(24); and

-- a mechanical scanning mechanism (13)
for moving said transducer unit (12) for me-
chanical scanning, which moves said trans-
ducer unit (12) for mechanical scanning in
accordance with said iterative sequence
and in the process of moving said transduc-
er unit (12) forward in the mechanical scan-
ning direction (Z), said mechanical scan-
ning mechanism (13) causes said transduc-
er unit (12) at several points in time (t, 31)
to move backward in steps, and

- image forming means (46, 48) for forming an
ultrasonic image representing the behaviour or
the change of an ultrasonic contrastagentbased
on echo data acquired by formation of said ul-
trasonic beam (24) in each partial space of the
three-dimensional echo data acquisition space
(20).

An ultrasonic diagnostic apparatus according to
claim 1, wherein

each of said partial spaces is composed of one or
more scanning planes (22), and

each of said scanning planes (22) is composed of a
plurality of ultrasonic beams (24) which are sequen-
tially formed in the electronic scanning direction (X).

An ultrasonic diagnostic apparatus according to
claim 1, wherein

said image forming means (46, 48) uses two items
of echo data obtained at the same beam address
(#1-#n) at a predetermined time interval, to form an
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ultrasonic image representing a change within said
predetermined time interval.

An ultrasonic diagnostic apparatus according to
claim 3, wherein

said image forming means (46, 48) includes a differ-
ential operation unit for executing a differential op-
eration with regard to said two items of echo data.

An ultrasonic diagnostic apparatus according to
claim 1, wherein

the ultrasonic contrast agent is injected into a living
body.

An ultrasonic diagnostic apparatus according to
claim 1, wherein

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

said ultrasonic beams (24)
scanned two-dimensionally.

are electronically

An ultrasonic diagnostic apparatus according to
claim 1, wherein

said beam forming means performs scanning of said
ultrasonic beams (24) in a first scanning direction (X)
to form a scanning plane (22), and moves the posi-
tion of said scanning plane (22) forward in a second
scanning direction (Z), and

inthe process of moving the position of said scanning
plane (22) forward in the second scanning direction
(2), such forward movement is repeated for each
section corresponding to each of said address
groups (S1, S2, S3, S4).

An ultrasonic diagnostic apparatus according to
claim 1, wherein

said plurality of address groups (S1, S2, S3, S4, B1-
Bm) are provided in a matrix with regard to said beam
address array (30).

An ultrasonic diagnostic apparatus according to
claim 8, wherein

each of said address groups (S1, S2, S3, S4, B1-
Bm) is composed of a plurality of beam address ines,
and ultrasonic beams (24) are electronically
scanned for each of said beam address lines.

An ultrasonic diagnostic apparatus according to
claim 1, wherein

each of said address groups (S1, S2, S3, S4, B1-
Bn) is composed of a plurality of beam addresses
(#1-#n) randomly, provided in said beam address
array (30).

An ultrasonic diagnostic apparatus according to
claim 1, wherein

said beam address array (30) is composed of a plu-
rality of receiving beam addresses, and
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12,

13.

14.

ateach of said address groups (S1, S2, S3, S4, 50-1,
50-2, 50-m), for one transmission and reception of
said ultrasonic beam (24), one transmitting beam is
formed and a plurality of receiving beams are con-
currently formed.

An ultrasonic diagnostic apparatus according to
claim 1, wherein

for each of said address groups (S1, S2, S3, S4), a
step of sequentially selecting a plurality of beam ad-
dresses (#1-#n) of the address group (S1, S2, S3,
S4) is repeated at least twice.

An ultrasonic diagnostic apparatus according to
claim 1, wherein

said beam address array (30) is composed of a plu-
rality of receiving beam addresses, and

for each of said address groups (S1, S2, S3, S4), a
step of collectively selecting a plurality of receiving
beam addresses of the address group (S1, S2, S3,
S4) is repeated at least twice.

An ultrasonic diagnostic apparatus according to
claim 1 for forming a three-dimensional echo data
acquisition space (20) within tissue of a living body
in which an ultrasonic contrast agent is injected, said
apparatus (10) comprising:

means for setting a plurality of partial spaces in
said three-dimensional echo data acquisition
space (20);

means for effecting beam scanning with regard
to said three dimensional echo data acquisition
space (20) by repeating transmission and recep-
tion of an ultrasonic wave a plurality of times for
each of said partial spaces;

means for forming a partial image (46, 48) rep-
resenting the existence or behavior of said ul-
trasonic contrast agent based on echo data ob-
tained by transmitting and receiving an ultrason-
ic wave a plurality of times for each of said partial
spaces; and

means for synthesizing partial images (46, 48)
regarding said plurality of partial spaces to form
an ultrasonic image.

Patentanspriiche

1.

Ultraschalldiagnosegeréat (10) mit:

- Gruppeneinstellungsmitteln zum Einstellen ei-
ner Vielzahl an Adressgruppen (S1, S2, S3, S4)
in Bezug auf ein zweidimensionales Strahl-
adressfeld (30);

- wobei das zweidimensionale Adressfeld (30)
einem dreidimensionalen Echodatenerfas-
sungsraum (20) entspricht;
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- wobei jede der Adressgruppen (S1, S2, S3,
S4) Teilrdumen entspricht, in die der dreidimen-
sionale Echodatenerfassungsraum (20) aufge-
teilt ist;

- Sequenzeinstellungsmitteln (40) zum Einstel-
len einer Kettensequenz (#1, #2, #3, ..., #i-1, #i,
#1, #2, #3, ..., #i-1, #i, #i+1, #i+2, ..., #n) von
Strahladressen, die zum Auswahlen einer Viel-
zahl an Strahladressen verwendet wird (#1-#n),
wobei die Sequenzeinstellungsmittel (40)
Strahladressen (#1-#i) von jeder der Adress-
gruppen (S1, S2, S3, S4) wiederholt auswabhlt;
- wobei Strahladressen das Strahladressfeld
(30) festlegen;

- Adressauswahlmittel zum Auswahlen von
Strahladressen (#1-#n) gemal der Kettense-
quenz, die durch das Sequenzeinstellungsmittel
(40) eingestellt ist;

- Strahlerzeugungsmittel zum Erzeugen eines
Ultraschallstrahls (24) an einer durch das Adres-
sauswahlmittel ausgewahlten Strahladresse
(#1-#n), wobei das Strahlerzeugungsmittel um-
fasst:

-- eine Wandlereinheit (12) mit einem ein-
dimensionalen Feldwandler (12) zum elek-
tronischen Abtasten der Ultraschallstrahlen
(24); und

-- einen mechanischen Abtastmechanis-
mus (13) zum Bewegen der Wandlereinheit
(12) zum mechanischen Abtasten, welche
die Wandlereinheit (12) zum mechanischen
Abtasten gemaf der Kettensequenz und im
Verfahren des Vorwartsbewegens der
Wandlereinheit (12) in die mechanische Ab-
tastrichtung (Z) bewegt,

wobei der mechanische Abtastmechanismus be-
wirkt, dass sich die Wandlereinheit (12) zu mehreren
Zeitpunkten (t, 37) in Schritten riickwarts bewegt,
und

- Bilderzeugungsmittel (46, 48) zum Erzeugen
eines Ultraschallbilds, das das Verhalten oder
die Anderung eines Ultraschallkontrastmittels
auf der Basis von durch Erzeugung des Ultra-
schallstrahls (24) erfassten Echodaten in jedem
Teilraum des dreidimensionalen Echodatener-
fassungsraums (20) darstellt.

Ultraschalldiagnosegerét nach Anspruch 1,

wobei

jeder der Teilrdume aus einer oder mehreren Abtast-
ebenen (22) zusammengesetzt ist, und

jede der Abtastebenen (22) aus einer Vielzahl an
Ultraschallstrahlen (24) zusammengesetzt ist, die
sequenziell in der elektronischen Abtastrichtung (X)
gebildet werden.
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3.

10.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

die Bilderzeugungsmittel (46, 48) zwei Werte von an
der gleichen Strahladresse (#1-#n) bei einem vor-
bestimmten Zeitintervall erhaltenen Echodaten ver-
wendet, um ein Ultraschallbild zu erzeugen, das eine
Anderung innerhalb des vorbestimmten Zeitinter-
valls darstellt.

Ultraschalldiagnosegerat nach Anspruch 3,

wobei

die Bilderzeugungsmittel (46, 48) eine Differential-
betriebseinheit zum Durchfiihren eines Differential-
betriebs in Bezug auf die zwei Werte von Echodaten
umfasst.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

das Ultraschallkontrastmittel in einen lebenden Kor-
per injiziert wird.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

das Strahlerzeugungsmittel einen zweidimensiona-
len Feldwandler umfasst, und

die Ultraschallstrahlen (24) elektronisch, zweidi-
mensional abgetastet werden.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

das Strahlerzeugungsmittel das Abtasten der Ultra-
schallstrahlen (24) zum Erzeugen einer Abtastebe-
ne (22) in eine erste Abtastrichtung (X) durchfiihrt
und die Position der Abtastebene (22) vorwarts in
eine zweite Abtastrichtung (Z) bewegt, und

im Verfahren des Vorwartsbewegens der Position
der Abtastebene (22) in die zweite Abtastrichtung
(2) eine derartige Vorwartsbewegung fiir jeden Ab-
schnitt, der jedem der Adressgruppen (S1, S2, S3,
S4) entspricht, wiederholt wird.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

die Vielzahl an Adressgruppen (S1, S2, S3, S4, B1-
Bm) in einer Matrixin Bezug auf das Strahladressfeld
(30) bereitgestellt ist.

Ultraschalldiagnosegerat nach Anspruch 8,

wobei

jede der Adressgruppen (S1, S2, S3, S4, B1-Bm)
aus einer Vielzahl an Strahladresslinien zusammen-
gesetzt ist und Ultraschallstrahlen (24) elektronisch
fur jede der Strahladresslinien abgetastet werden.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

jede der Adressgruppen (S1, S2, S3, S4,B1-Bn) aus
einer Vielzahl an zufallsbedingt im Strahladressfeld
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(30) bereitgestellten Strahladressen (#1-#n) zusam-
mengesetzt ist

Ultraschalldiagnosegerét nach Anspruch 1,

wobei

das Strahladressfeld (30) aus einer Vielzahlan Emp-
fangsstrahladressen zusammengesetzt ist, und

an jeder der Adressgruppen (S1, S2, S3, S4, 50-1,
50-2, 50-m) fir ein Senden und Empfangen des Ul-
traschallstrahls (24), ein Sendestrahl erzeugt wird
und gleichzeitig eine Vielzahl an Empfangsstrahlen
erzeugt wird.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

fur jede der Adressgruppen (S1, S2, S3, S4) ein
Schritt des sequentiellen Auswahlens einer Vielzahl
an Strahladressen (#1-#n) der Adressgruppen (S1,
S2, S3, S4) mindestens zweimal wiederholt wird.

Ultraschalldiagnosegerat nach Anspruch 1,

wobei

das Strahladressfeld (30) aus einer Vielzahlan Emp-
fangsstrahladressen zusammengesetzt ist, und

fir jede der Adressgruppen (S1, S2, S3, S4) ein
Schrittdes gemeinsamen Auswahlens einer Vielzahl
an Empfangsstrahladressen der Adressgruppe (S1,
S2, S3, S4) mindestens zweimal wiederholt wird.

Ultraschalldiagnosegerat nach Anspruch 1 zum Er-
zeugen eines dreidimensionalen Echodatenerfas-
sungsraums (20) im Gewebe eines lebenden Kor-
pers, in den ein Ultraschallkontrastmittel injiziert ist,
wobei das Gerat (10) aufweist:

Mittel zum Einstellen einer Vielzahl an Teilrdu-
men im dreidimensionalen Echodatenerfas-
sungsraum (20);

Mittel zum Bewirken einer Strahlabtastung in
Bezug auf den dreidimensionalen Echodaten-
erfassungsraum (20) durch Wiederholen von
vielmaligem Senden und Empfangen einer Ul-
traschallwelle flr jeden der Teilrdume;

Mittel zum Erzeugen eines Teilbilds (46, 48),
welches die Gegenwart oder das Verhalten des
Ultraschallkontrastmittels auf der Basis von
durch vielmaliges Senden und Empfangen einer
Ultraschallwelle fiir jeden der Teilrdume erhal-
tenen Echodaten darstellt; und

Mittel zum Synthetisieren von Teilbildern (46,
48) bezlglich der Vielzahl an Teilrdumen, um
ein Ultraschallbild zu erzeugen.

Revendications

1.

Dispositif de
comprenant :

diagnostic a ultrasons (10),
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- des moyens de définition de groupe pour définir
une pluralité de groupes d’adresses (S1, S2, S3,
S4) relatifs a un réseau bidimensionnel (30)
d’adresses de faisceau ;

- leditréseau bidimensionnel (30) d’adresses de
faisceau correspond a un espace tridimension-
nel (20) d’acquisition de données d’écho ;

- chacun desdits groupes d’adresse (S1, S2, S3,
S4) correspond a des espaces partiels en les-
quels se divise I'espace tridimensionnel (20)
d’acquisition de données d’écho ;

- des moyens (40) de définition de séquence
pour définir une séquence itérative (#1, #2,
#3, ..., #i-1, #i, #1, #2, #3, ..., #i-1, #i, #i+1,
#i+2, ..., #n) d’adresses de faisceau, qui est uti-
lisée pour sélectionner une pluralité d’adresses
(#1 - #n) de faisceau, dans lequel les moyens
de définition de séquence (40) sélectionnent
des adresses (#1-#i) de faisceau de chacun des-
dits groupes d’adresses (S1, S2, S3, S4) de ma-
niére répétée ;

- lesdites adresses de faisceau constituent ledit
réseau (30) d’adresses de faisceau ;

- des moyens de sélection d’adresse pour sé-
lectionner des adresses de faisceau (#1-#n)
conformément a la séquence itérative qui est
définie par lesdits moyens de définition de sé-
quence (40) ;

- des moyens de formation de faisceau pour for-
mer un faisceau d’ultrasons (24) a une adresse
de faisceau (#1-#n) sélectionnée au moyen des-
dits moyens de sélection d’adresse, lesdits
moyens de formation de faisceau comprenant :

-- une unité transductrice (12) ayant un
transducteur a réseau monodimensionnel
(12) pour balayer électroniquement lesdits
faisceaux d’ultrasons (24) ; et

-- un mécanisme de balayage mécanique
(13) pour déplacer ladite unité transductrice
(12) en vue d'un balayage mécanique, qui
déplace ladite unité transductrice (12) pour
un balayage mécanique conformément a
ladite séquence itérative et dans le proces-
sus de déplacement de ladite unité trans-
ductrice (12) vers I'avant dans la direction
de balayage mécanique (Z), ledit mécanis-
me de balayage mécanique (13) conduit la-
dite unité transductrice (12) en plusieurs
points dans le temps (t, 3t) a revenir en
arriére par étapes, et

-des moyens (46, 48) de formation d’'image pour
former une image ultrasonore représentant le
comportement ou le changement d’un produit
de contraste pour ultrasons a partir de données
d’écho acquises par formation dudit faisceau
d’ultrasons (24) dans chaque espace partiel de
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'espace tridimensionnel (20) d’acquisition de
données d’écho.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel

chacun desdits espaces partiels est composé d’un
ou plusieurs plans de balayage (22), et

chacun desdits plans de balayage (22) est composé
d’une pluralité de faisceaux d’ultrasons (24) qui sont
formés séquentiellement dans la direction (X) de ba-
layage électronique.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel lesdits moyens (46, 48) de
formation d’image utilisent deux éléments de don-
nées d’écho obtenus a laméme adresse de faisceau
(#1-#n) avec un intervalle de temps prédéterminé
pour former une image ultrasonore représentant un
changement dans ledit intervalle de temps prédéter-
miné.

Dispositif de diagnostic a ultrasons selon la reven-
dication 3, dans lequel lesdits moyens (46, 48) de
formation d’'image comprennent une unité d’opéra-
tion différentielle pour exécuter une opération diffé-
rentielle en relation avec lesdits deux éléments de
données d’écho.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel le produit de contraste pour
ultrasons est injecté dans un organisme vivant.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel

lesdits moyens de formation du faisceau compren-
nent un transducteur a réseau bidimensionnel, et
lesdits faisceaux d’ultrasons (24) sont balayés élec-
troniqguement en deux dimensions.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel

lesdits moyens de formation de faisceau exécutent
un balayage desdits faisceaux d’ultrasons (24) dans
une premiére direction de balayage (X) pour former
un plan de balayage (22), et déplacent la position
dudit plan de balayage (22) vers I'avant dans une
deuxiéme direction de balayage (Z), et

dans le processus de déplacement de la position
dudit plan de balayage (22) vers I'avant dans la
deuxiéme direction de balayage (Z), ce mouvement
vers I'avant est répété pour chaque section corres-
pondant a chacun desdits groupes d’adresses (S1,
S2, S3, S4).

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel ladite pluralité de groupes
d’adresses (S1, S2, S3, S4, B1-Bm) est prévue dans
une matrice en relation avec ledit réseau (30)
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10.

1.

12,

13.

14,

20
d’adresses de faisceau.

Dispositif de diagnostic a ultrasons selon la reven-
dication 8, dans lequel chacun desdits groupes
d’adresses (S1, S2, S3, S4, B1-Bm) est composé
d’'une pluralité de lignes d’adresse de faisceau, et
des faisceaux d’ultrasons (24) sont balayés électro-
niguement pour chacune desdites lignes d’adresse
de faisceau.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel chacun desdits groupes
d’adresses (S1, S2, S3, S4, B1-Bm) est composé
d’une pluralité d’adresses de faisceau (#1-#n) pré-
vues aléatoirement dans ledit réseau (30) d’adres-
ses de faisceau.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel

ledit réseau (30) d’adresses de faisceau est compo-
sé d’'une pluralité d’adresses de faisceau de récep-
tion, et

sur chacun desdits groupes d’adresses (S1, S2, S3,
S4, 50-1, 50-2, 50-m), pour une émission et une ré-
ception dudit faisceau d'ultrasons (24), un faisceau
d’émission est formé et une pluralité de faisceaux
de réception sont formés simultanément.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel pour chacun desdits groupes
d’adresses (S1, S2, S3, S4), une étape de sélection
séquentielle d’'une pluralité d’adresses de faisceau
(#1-#n) du groupe d’adresses (S1, S2, S3, S4) est
répétée au moins deux fois.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1, dans lequel ledit réseau (30) d’adresses
de faisceau est composé d’une pluralité d’adresses
de faisceau de réception, et

pour chacun desdits groupes d’adresses (S1, S2,
S3, S4), une étape de sélection collective d’'une plu-
ralité d’adresses de faisceau de réception du groupe
d’adresses (S1, S2, S3, S4) est répétée au moins
deux fois.

Dispositif de diagnostic a ultrasons selon la reven-
dication 1 pour former un espace tridimensionnel
(20) d’acquisition de données d’écho dans un tissu
d’un organisme vivant dans lequel un produit de con-
traste pour ultrasons est injecté, ledit dispositif (10)
comprenant :

des moyens pour définir une pluralité d’espaces
partiels dans ledit espace tridimensionnel (20)
d’acquisition de données d’écho ;

des moyens pour effectuer un balayage de fais-
ceau en relation avec ledit espace tridimension-
nel (20) d’acquisition de données d’écho par ré-
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pétition de I'’émission et de la réception d’une
onde ultrasonore une pluralité de fois pour cha-
cun desdits espaces partiels ;

des moyens pour former une image partielle (46,
48) représentant I'existence ou le comporte-
ment dudit produit de contraste pour ultrasons
a partir de données d’écho obtenues par émis-
sion et réception d’'une onde ultrasonore une
pluralité de fois pour chacun desdits espaces
partiels ; et

des moyens pour synthétiser des images par-
tielles (46, 48) relatives a ladite pluralité d’espa-
ces partiels pour former une image ultrasonore.

10

15

20

25

30

35

40

45

50

55

12

22



EP 1 249 208 B1

13



EP 1 249 208 B1

#i

S2
S3
S4

—3> N

#n

Fig. 2

14



EP 1 249 208 B1

7 -— Z =

€ *bta

VS €S ¢S IS S €S ¢S

15



EP 1 249 208 B1

30

; o

=]
'Bm
Fig. 5
XIBO
° ——e
™ ° °
° e ° 1
L) e ¢ [
°
L4 ®
°
® ® [ ) 7
o .
* ¢ L N ]
*— -— -
Fig. 6

16



EP 1 249 208 B1

NOILOJS
XY1dsid

o

=

¥0ID3L3a
NOILISOd

st

mm/N
NOIZIDAS
DNILLIS AIAINA
FONANDIS
|
or” } |
NOIl1LD3Ss

vv/N.

NOIXD3S
ONISSAO0Ud

IOUNWI

11

o

TOYLNQO

3]

NOIXD3IS

XYOWANW ag AT;

XJOWANW d¢€

20>

NOILdID3INH

vm\w

WSINVHOAW
ONINNYOS
TTNOINVHOINW

Y€l

IINN
HIDNASNYAUI

—z1

iy

A
ot

NOIIO3s

NOISSIWSNYNL

26"

17



EP 1 249 208 B1

30

50-1 502

54—\-0 ° @

52—

50-m

Fig. 8

18



EP 1 249 208 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5233993 A [0007] * US 4790321 A[0008]

19



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

L5

H 2T SR

S EREEEE

BEX)

AR MBI R = 4 B BIRIREZE A, Rtk BE B R AR = 4
B B IR IREN 2R A 9 2N A R SRtk A AR o TR SR st ik BE A 9 B A
it , AENFE A EEmuRERR, Fit , HHTEER
HERMNBARESWHANRBINZE S EBEEN , ANBIENREUZ B8
BfEEfR . &

2B &,

HBEYHRE

EP1249208B1 K (AE)B
EP2001982791 FER
AN FERETHRA S

ALOKA CO., LTD.

ALOKA CO., LTD.

MOCHIZUKI TAKASHI ALOKA CO LTD

MOCHIZUKI, TAKASHI, ALOKA CO., LTD.

A61B8/00 G01S15/89

patsnap

2007-08-15

2001-11-15

A61B8/4209 A61B8/4281 A61B8/481 A61B8/483 G01S7/52039 G01S7/52085 G01S7/52095 G01S15

/8918 G01S15/8925 G01S15/8945 G01S15/8993 Y105128/916

2000348357 2000-11-15 JP

EP1249208A1
EP1249208A4

Espacenet

FEECALANFERTARE RN =4E



https://share-analytics.zhihuiya.com/view/7e0b2854-bd5e-48a4-9303-631b6a1e8601
https://worldwide.espacenet.com/patent/search/family/018821957/publication/EP1249208B1?q=EP1249208B1

