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ULTRASOUND DIAGNOSIS APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound
diagnosis apparatus for use in the field of medical treatment,
and more particularly to setting of a plurality of sub arrays
on an array transducer.

[0003] 2. Description of Related Art

[0004] Ultrasound diagnosis apparatuses are used in the
field of medical treatment for the purpose of diagnosing
diseases of a living body (patient). More specifically, ultra-
sonic diagnosis apparatuses transmit an ultrasonic pulse to a
living body and receive a reflected wave therefrom for
forming an ultrasonic image based on a receiving signal
obtained by the reflected wave received.

[0005] A two-dimensional (2D) array transducer (or trans-
ducer array) is used for effecting two-dimensional scanning
of ultrasonic beams to thereby form a three-dimensional
echo data acquiring space within a living body. A 2D
transducer is generally composed of a plurality of transducer
elements arranged along X and Y directions.

[0006] In some 2D array transducers, a plurality of sub
arrays are defined on the 2D array transducer for the purpose
of channel reduction of a transmission/reception section,
simultaneous formation of a plurality of receiving beams, or
other purposes. Conventionally, a plurality of sub arrays are
fixedly defined on the 2D array transducer. For example, a
plurality of sub arrays having a rectangular shape are set
with respect to a 2D array transducer, and in this case, the
shape of each sub array cannot be changed. Japanese Patent
Laid-Open Publication No. 2001-276064 discloses the
grouping of a plurality of transducer elements in which the
structure of each group is fixed. Japanese Patent Laid-Open
Publication No. 2001-104303 discloses a structure for per-
forming phase adjustment and summation (or beam forma-
tion) in two stages. Japanese Patent Laid-Open Publication
No. Hei 9-322896 discloses, in FIG. 6, that a plurality of
groups are fixedly set for a 2D array transducer, that a
plurality of first beam formers are connected to the plurality
of groups, and that a plurality of second beam formers are
provided at the subsequent stage of the plurality of first beam
formers. U.S. Pat. No. 5,832,923 discloses that a plurality of
2D sub arrays are defined on a 2D array transducer and that
a plurality of groups are defined on each sub array. None of
these documents, however, describes dynamically changing
the shape of each sub array.

[0007] When the structure or form of the sub array is
fixedly defined, a problem results in that a beam profile
preferable to specific transmitting and receiving wave con-
ditions cannot be obtained. For example, there may be a
tendency for side lobes to be generated in a specific beam
scanning direction.

SUMMARY OF THE INVENTION

[0008] The present invention advantageously provides an
ultrasound diagnosis apparatus capable of providing an
excellent beam profile.

[0009] The present invention advantageously enables the
maintenance or improvement of image quality of an ultra-
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sonic image when channel reduction of a transmission/
reception section is performed.

[0010] (1) An ultrasound diagnosis apparatus in accor-
dance with one aspect of the present invention comprises (a)
an array transducer having a plurality of transducer elements
arranged two-dimensionally, (b) a switching section for
defining a plurality of sub arrays with respect to the plurality
of transducer elements, and (c) a receiving processing sec-
tion for processing a plurality of receiving signals output
from the array transducer, wherein (d) the switching section
changes a sub array shape pattern of at least one sub array
in the array transducer.

[0011] With the above structure, the switching section
defines a plurality of sub arrays on the array transducer.
Because the switching section has a function of changing the
sub array shape pattern of the sub array, a conventional
problem caused by fixedly defining the sub array shape
pattern can be solved or improved. For example, due to the
change of sub array shape pattern, a beam profile is changed
to an excellent beam profile, whereby side lobes can be
reduced.

[0012] Preferably, the switching section changes the sub
array shape pattern of each of a plurality of sub arrays. A
plurality of sub arrays are preferably coupled with each
other closely on the array transducer according to their
acoustic power or sensitivity. In other words, it is desirable
that all the transducer elements forming the array transducer
belong to one sub array. However, an interval may be formed
between sub arrays. In other words, there may be transducer
elements which do not belong to any sub array and do not
function in transmission and reception. Further, when a
certain sub array shape pattern is selected, a plurality of
transducer elements which do not function in transmitting
and receiving may be provided around the array transducer.

[0013] Preferably, an identical sub array shape pattern is
defined for a plurality of sub arrays. This structure facilitates
close coupling of a plurality of sub arrays with respect to
each other. It is of course possible to individually define the
sub array shape pattern for each sub array.

[0014] Preferably, a control section for switching the sub
array shape pattern in accordance with a beam forming
condition is further provided. Preferably, the array trans-
ducer is a 2D array transducer in which a plurality of
transducer elements are arranged in the X and Y directions,
and the beam forming condition includes a beam scanning
direction on a X-Y plane. The beam forming condition may
further include a beam deflecting angle, a beam width, a
beam shape, and the like.

[0015] Preferably, the switching section further estab-
lishes a plurality of groups for each of the sub arrays, each
of the plurality of groups being composed of a plurality of
transducer elements, the receiving processing section pro-
cesses a group receiving signal output from each of the
groups within each sub array, and the switching section
further has a function of changing a group shape pattern of
each group with a change of the sub array shape pattern.

[0016] With this structure, the switching section performs
sub array setting and group setting, and a desired sub array
shape pattern and a desired group shape pattern can there-
fore be established.
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[0017] For example, when n groups are set with respect to
m transducer elements forming a certain sub array (1<n<m),
a channel reduction ratio of n/m is achieved. By performing
such a channel reduction process within the probe head, the
advantage of reducing the number of signal lines inserted
through the probe cable can be obtained. With such group-
ing, a plurality of receiving signals are summed and com-
bined into a single receiving signal (a group receiving
signal). Further, a single transmitting signal can be supplied
in parallel to a plurality of transducer elements forming one
group.

[0018] Preferably, the number of transducer elements
forming each group is variable in accordance with a beam
forming condition. Preferably, the beam forming condition
includes a beam scanning direction. Preferably, one or a
plurality of ineffective transducer elements are included in
each sub array in accordance with a beam forming condition.
Here, the ineffective transducer element refers to a trans-
ducer element which is not used in transmission and recep-
tion of ultrasonic waves. Within a sub array, a plurality of
transducer elements other than one or a plurality of ineffec-
tive transducer elements are effective transducer elements,
and these effective transducer elements are divided into a
plurality of groups.

[0019] Each of a plurality of groups which are set for each
sub array may be composed of the same number of trans-
ducer elements. With this structure, the number of receiving
signals to be summed can be identical among the plurality of
groups, and the number of branches (the number of desti-
nations) for a transmitting signal can also be identical among
the plurality of groups.

[0020] Further, the same group shape pattern may be set
for a plurality of groups. In this case, a group shape pattern
which forms substantially a straight line may be set for each
group. It is desirable that each group is defined so as to have
a linear shape which crosses the beam scanning direction
(which is preferably orthogonal to the beam scanning direc-
tion), or is formed into a string shape having a small width
in that direction.

[0021] Preferably, a control section for switching the
group shape pattern along with the sub array shape pattern
in accordance with a beam forming condition is further
provided. Preferably, the plurality of sub arrays are closely
coupled with each other even when the sub array shape
pattern is changed. When a plurality of sub arrays are closely
coupled with each other, it is possible to operate a great
number of available transducer elements, thereby increasing
acoustic power.

[0022] Preferably, on the array transducer, a pattern vari-
able region is defined for each sub array, whereby a plurality
of pattern variable regions are defined on the array trans-
ducer, the pattern variable region for each sub array corre-
sponds to a region formed by combining a plurality of sub
array shape patterns concerning each sub array, and the
plurality of pattern variable regions partially overlap with
each other. Preferably, each pattern variable region covers a
plurality of transducer elements peculiar to each sub array
and a plurality of transducer elements existing on a portion
where the plurality of pattern variable regions partially
overlap.

[0023] (2) An ultrasound diagnosis apparatus in accor-
dance with another aspect of the present invention comprises
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(a) an array transducer having a plurality of transducer
elements, (b) a switching section for defining a plurality of
sub arrays with respect to the plurality of transducer ele-
ments and for setting a plurality of groups for each sub array
and outputting a group receiving signal for each of the
groups, (¢) a receiving processing section for processing a
plurality of group receiving signals output from the switch-
ing section, and (d) a control section for controlling the
switching section in accordance with a beam scanning
condition, wherein (¢) the control section controls an opera-
tion of the switching section to change a sub array shape
pattern of each sub array and change a group shape pattern
of each group.

[0024] Preferably, the receiving processing section
includes a plurality of sub phase adjusting and summing
circuits, each sub phase adjusting and summing circuit
performing a sub phase adjusting and summing process with
respect to a plurality of group receiving signals output from
each sub array and outputting a sub phase adjusted and
summed signal, and a main phase adjusting and summing
circuit for performing a main phase adjusting and summing
process with respect to a plurality of sub phase adjusted and
summed signals output from the plurality of sub phase
adjusting and summing circuits.

[0025] With the above structure, after the sub phase
adjusting and summing process is performed for each group,
the main phase adjusting and summing process is applied to
a plurality of sub phase adjusted and summed signals. A
plurality of main phase adjusting and summing circuits may
be disposed in parallel for simultaneously forming a plural-
ity of receiving beams by one receiving process. Further, in
the probe cable, a transmitting signal may be transmitted in
the form of a voltage signal and a receiving signal may be
transmitted in the form of a current signal. The transmitting
signal may be an approximately 100V voltage signal, or may
be a low voltage signal of several to ten-odd V. In the latter
case, it is desirable that each transducer element is formed
in a laminate structure, for example, so that electrical
impedance of each transducer element is reduced.

[0026] Preferably, at least the array transducer and the
switching section are provided within the probe head. Fur-
ther, a plurality of sub phase adjusting and summing circuits
may be provided within the probe head (in this case, the
number of signal lines can be further reduced), or a plurality
of sub phase adjusting and summing circuits may be pro-
vided within the probe connector or the apparatus body. The
transmitter section can be provided in the probe head, the
cable connector, or the apparatus body.

[0027] (3) An ultrasound diagnosis apparatus in accor-
dance with a further aspect of the present invention com-
prises (a) an array transducer having a plurality of transducer
elements, (b) a switching section for setting a plurality of
sub arrays with respect to the plurality of transducer ele-
ments, and (c) a control section for controlling the switching
section to adaptively change a sub array shape pattern of
each of the sub arrays in accordance with a beam scanning
direction.

[0028] Preferably, each sub array shape pattern is formed
by a plurality of pattern elements, and each of the plurality
of pattern elements is formed by a series of transducer
elements arranged in a substantially linear shape. Preferably,
each series of transducer elements is substantially orthogo-
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nal with respect to the beam scanning direction. Preferably,
each sub array has a quadrangle shape when the beam
scanning direction is 0 degrees, 90 degrees, 180 degrees, and
270 degrees, and the shape of each sub array is changed from
the quadrangle shape to a parallelogram or the like when the
beam scanning direction is an angle other than the noted
angles. Even when each sub array has a parallelogram shape
or other shapes, it is desirable that a plurality of sub arrays
are closely coupled with each other.

[0029] Preferably, the control section sets one or a plural-
ity of ineffective transducer elements within each sub array
in accordance with the beam scanning direction, and also
defines a plurality of groups by means of a plurality of
effective transducer elements other than the one or a plu-
rality of ineffective transducer elements within each sub
array. Preferably, the control section defines a plurality of
groups within each sub array in accordance with the beam
scanning direction, and the control section changes a group
shape pattern of each of the groups in accordance with the
beam scanning direction and also changes the number of
transducer elements forming each group in accordance with
the beam scanning direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and other objects of the invention will be
explained in the description below, in connection with the
accompanying drawings, in which:

[0031] FIG. 1 a block diagram showing a transceiver
section in an ultrasound diagnosis apparatus according to the
present invention;

[0032] FIG. 2 is a block diagram showing a specific
example structure of the transmission/reception module
shown in FIG. 1;

[0033] FIG. 3 is a view showing an example sub array
shape pattern;

[0034] FIG. 4 is a view showing another example sub
array shape pattern;

[0035] FIG. 5 is a view for explaining a plurality of sub
array shape patterns in comparison;

[0036] FIG. 6 is a view showing a variable range existing
for each sub array;

[0037] FIG.7 is a view for explaining overlapping among
a plurality of variable regions;

[0038]
example;

[0039] FIG. 9 is a view showing additional sub array
shape patterns according to the present invention;

[0040] FIG. 10 is a block diagram showing a whole
structure of an ultrasound diagnosis apparatus in accordance
with an embodiment of the present invention;

[0041] FIG. 11 is a view for explaining an embodiment in
which the number of transducer elements forming each
group varies; and

FIG. 8 is a view for explaining a comparative

[0042] FIG. 12 is a view for explaining another embodi-
ment of the present invention, in which the number of
transducer elements forming each group varies.
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DESCRIPTION OF PREFERRED
EMBODIMENTS

[0043] Preferred embodiments of the present invention
will be described with reference to the drawings.

[0044] Referring first to FIG. 10, a basic structure of an
ultrasound diagnosis apparatus according to a first embodi-
ment of the present invention will be described. The ultra-
sound diagnosis apparatus is composed of a probe (probe
unit) 240 and an apparatus body 242. The probe 240 includes
a probe head 244, a probe cable 246, and a cable connector
247. The apparatus body 242 includes a transmission/recep-
tion control section 248, a receiver section 250, a signal
processing module 252, an image forming section 254, and
a display 256. The cable connector 247 is detachably con-
nected to a connector (not shown) of the apparatus body 242.
In the present embodiment, the cable connector 247 includes
a built-in electronic circuit 249, which performs a sub phase
adjusting and summing process and a transmitting signal
generating process, as will be further described below with
reference to FIGS. 1 and 2. The probe head 244 transmits
and receives ultrasound. A receiving signal, which is
obtained by transmission and reception of ultrasound, is then
input to the image forming section 254 through the elec-
tronic circuit 249, the receiver section 250 and the signal
processing module 252. The image forming section 254
forms an ultrasonic image based on the signal received. The
ultrasonic image is displayed on the screen of the display
256. Two-dimensional tomography images, two-dimen-
sional blood stream images, three-dimensional images are
known as ultrasonic images. In the present embodiment,
volume data obtained from a three-dimensional space within
a living body is subjected to a volume rendering process to
form a three-dimensional image. Many other methods for
forming a three-dimensional image are also known, and may
be applied when preferable.

[0045] FIG. 1 is a block diagram showing a structure of a
transmitter/receiver(transceiver) section in an ultrasound
diagnosis apparatus according to the embodiment. The ultra-
sound diagnosis apparatus as shown is composed of a probe
unit and an apparatus body 12. The probe unit is composed
of a probe head 10, a probe cable 14A, and a cable connector
14B.

[0046] In this embodiment, a plurality of transmission/
reception modules 24 (corresponding to the electronic cir-
cuit 249 described above), which will be described below,
are included within the cable connector 14B. However, the
plurality of transmission/reception modules 24 may be pro-
vided within the probe head 10 or within the apparatus body
12.

[0047] The probe head 10, which is used in contact with
a body surface, for example, is a wave transmitter/receiver
for effecting transmission and reception of ultrasound. The
probe head includes a 2D array transducer 16 which forms
an ultrasonic beam. The ultrasonic beam is two-dimension-
ally scanned electronically, thereby forming a three-dimen-
sional echo data acquiring space (a three-dimensional
space). The electronic scanning method of ultrasonic beam
includes electronic sector scanning, for example.

[0048] In the present embodiment, the array transducer 16
is composed of a great number of (3000 or 4000, for
example) transducer elements 164 which are arranged two-
dimensionally, as will be described below with reference to
FIG. 3.
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[0049] The switching circuit 20 is formed in the form of a
multiplexer or a switching matrix. In the present embodi-
ment, the switching circuit 20 has a function of defining a
plurality of sub arrays on the 2D array transducer 16 and a
function of setting a plurality of groups for each sub array.
The switching circuit 20 also has a function of changing a
shape of each sub array (a sub array shape pattern) and a
function of changing a shape of each group (a group shape
pattern). The switching circuit 20 may be formed by a single
circuit as shown in FIG. 1 or by a plurality of circuits.

[0050] In FIG. 1, a plurality of sub arrays S which are
defined by the switching circuit 20 are conceptually shown.
A plurality of sub arrays S are closely coupled with each
other on the 2D array transducer 16, and all the transducer
elements 16a are basically used to form the plurality of sub
arrays S. In the present embodiment, the sub array shape
pattern for each sub array can be changed as described
above, and the pattern variable region for each sub array is
conceptually shown and indicated by R in FIG. 1. The sub
array shape pattern and a changing method thereof will be
described in detail below. A plurality of groups are set for
each sub array. Each group shape pattern changes with the
change of sub array shape pattern. However, in the present
embodiment, the number of transducer elements forming
each group is fixed and invariable. Of course, the number of
transducer elements forming each group may be individually
set variably. Here, it is possible to set the sub array shape
pattern for each sub array individually.

[0051] In the present embodiment, each sub array is com-
posed of 5 x5=25 transducer elements, which are grouped or
divided into 5 groups each including 5 transducer elements.
In other words, a channel reduction ratio of ¥5 is achieved
within the probe head 10.

[0052] The number of terminals in the switching circuit 20
is the same as the number of transducer elements forming
the 2D array transducer 16 on the side of 2D array transducer
16, and the number of series of terminals is the same as the
number of sub arrays on the side of apparatus body 12. In the
example shown in FIG. 1, each series of terminals provided
on the side of the apparatus body 12 is composed of 5
terminals (that is, the same number of terminals as the
number of groups set on a single sub array). More specifi-
cally, the switching circuit 20 selectively connects an array
of element signal lines with an array of group signal lines.
The array of group signal lines is composed of a plurality of
sets of group signal lines 22, and in the example shown in
FIG. 1, each set of group signal lines is composed of 5 group
signal lines. The switching circuit 20 includes a plurality of
switches (not shown) respectively provided at intersections
between the array of element signal lines and the array of
group signal lines. With the ON/OFF operation of each of
these switches, one or a plurality of transducer elements to
be connected with each group signal line are selected. The
switching circuit 20 is capable of varying the number of
transducer elements forming each group in accordance with
the beam scanning direction (namely, the beam deflecting
direction). The switching circuit 20 is also capable of setting
one or a plurality of ineffective transducer elements (i.e., a
transducer element which is not connected with any group
signal line and does not effect transmission and reception of
ultrasound) in accordance with the beam scanning direction.
Further, it is also possible that each sub array is composed
of 4x4=16 transducer elements, for example, which are
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grouped into 4 groups. Still further, the sub array and the
group may be defined under other conditions.

[0053] As can be understood from the above description,
the switching circuit 20 outputs 5 group receiving signals for
each sub array. Each group receiving signal is obtained by
summing 5 receiving signals output from 5 transducer
elements forming each group. In the example used to
illustrate this embodiment, the summing is achieved by a
simple summing method using connection. In other words,
5 receiving signals are summed by interconnection of 5
signal lines. However, a weighted addition method or the
like may be employed. On the other hand, as will be
described below, 5 transmitting signals are generated for
each sub array within the cable connector 14B, and these 5
transmitting signals are supplied to 5 groups forming the
corresponding sub array, respectively. Specifically, one
transmitting signal is supplied in parallel to 5 transducer
elements forming one group. Namely, within the switching
circuit 20, one transmitting signal is divided into 5 signals.

[0054] As described above, numeral 22 indicates sets of
signal liens provided for each sub array. Each set of signal
lines 22 is composed of 5 signal lines (5 group signal lines).
The above-described transmitting signal and the receiving
signal are transmitted to each signal line. Here, it is possible
for the receiving signal to be transmitted in the form of a
current signal and that the transmitting signal is transmitted
in the form of a voltage signal. In this case, the transmitting
signal may be an approximately 100V voltage signal, for
example, or a low voltage signal of approximately several V.
The probe cable 14A also includes, in addition to the
plurality of sets of signal lines 22, one or a plurality of
control lines for transmitting a control signal or the like. In
FIG. 1, a power line or the like inserted through the probe
cable 14A is omitted.

[0055] The cable connector 14B has a box shape, for
example, and a plurality of transmission/reception modules
24 are contained therein as described above. Each transmis-
sion/reception module 24 includes a transmitter section and
sub phase adjusting and summing circuits (or beam formers)
26. The transmitter section includes 5 transmitters, thereby
generating 5 transmitting signals for each sub array. Further,
the sub phase adjusting and summing circuit 26 performs a
sub phase adjusting and summing process with respect to 5
group receiving signals which are input thereto. With this
process, a sub phase adjusted and summed signal 27 is
generated for each sub array.

[0056] In the present embodiment, a main phase adjusting
and summing circuit (or a main beam former) 30 and a
transmission/reception control section 32 are provided
within the apparatus body 12. The main phase adjusting and
summing circuit 30 receives a plurality of sub phase
adjusted and summed signals 27 and performs a main phase
adjusting and summing process to these signals, thereby
generating a main phase adjusted and summed signal (a
receiving beam signal) 31. Aknown technology for dynamic
focus in receiving can be applied to the phase adjusting and
summing process. Each of the sub phase adjusting and
summing circuits 26 and the main phase adjusting and
summing circuit 30 may be formed as an analog phase
adjusting and summing circuit or as a digital phase adjusting
and summing circuit.

[0057] The transmission/reception control section 32 per-
forms an operation control for each of the elements shown
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in FIG. 1, in particular, setting of a phase adjusting and
summing condition in a plurality of sub phase adjusting and
summing circuits 26 and setting of phase adjusting and
summing conditions in the main sub phase adjusting and
summing circuits 30. Further, the transmission/reception
control section 32 outputs a control signal to the switching
circuit 20 provided within the probe head 10. With this
control signal, setting of a plurality of sub arrays and setting
of a plurality of groups is performed.

[0058] FIG. 2 shows a specific example structure of the
transmission/reception module 24 shown in FIG. 1. As
described above, the transmission/reception module 24
includes the transmitter section 36, the sub phase adjusting
and summing circuit 26, and a plurality of two-way trans-
mission circuits (input-output circuits) 34. Here, each two-
way transmission circuit 34 functions as a pulser for trans-
mitting and a head amp circuit for receiving. Each two-way
transmission circuit 34 outputs a transmitting signal to a
signal line at the time of transmitting and transmits a
receiving signal input from a signal line to the phase
adjusting and summing circuit 26 at the time of receiving.
The transmitter section 36 is composed of 5 transmitters 38.
Each transmitter 38 outputs a transmitting signal to which a
predetermined delay time is added.

[0059] The sub phase adjusting and summing circuit 26
described above may be formed as an analog phase adjusting
and summing circuit having a delay line, for example, or
may be formed in the form of a digital phase adjusting and
summing circuit functioning as a digital beam former. Fur-
ther, the sub phase adjusting and summing circuit 26 may
also be formed as a phase adjusting and summing circuit
using a CCD device.

[0060] A variety of embodiments can be employed for the
elements provided on the apparatus body side with respect
to the switching circuit 20, and the structure shown in FIG.
1 is one of the examples.

[0061] The operation of the switching circuit 20 will be
described with reference to FIGS. 3 to 9.

[0062] FIG. 3 conceptually shows a portion of the 2D
array transducer 16. Each cell corresponds to one transducer
element. A plurality of sub arrays having a rectangular sub
array shape pattern are defined on the 2D array transducer
16. FIG. 3 particularly shows sub arrays S1 to S9, which are
closely coupled with each other with no interval therebe-
tween. In FIG. 3, an example group setting method is
shown, for reference, with regard to the sub array S5. In the
example shown in FIG. 3, 5 groups are set in the X
direction, and each group is composed of 5 transducer
elements arranged along the Y direction. In FIG. 3, A, B, C,
D, or E is an identifier of the group to which each transducer
element belongs. This similarly applies to each of the
drawings which will be described below.

[0063] The sub array shape pattern shown in FIG. 3 is the
most common sub array shape pattern, which is a square.
The group shape pattern of each group shown in FIG. 3,
which is a linear shape extending in the Y direction, is also
common. This grouping pattern (the arrangement of a plu-
rality of groups within the sub array) is adopted when an
ultrasonic beam is scanned in the X direction as shown in
FIG. 3, for example.

[0064] FIG. 4 shows another example of the sub array
shape pattern. Each sub array S1 to S9 is slanted stepwise in
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the diagonal direction and has a parallelogram shape as a
whole. When focusing an attention to the sub array S5, for
example, the grouping as shown is achieved. Specifically, a
group A is composed of 5 transducer elements which are
linearly aligned diagonally. Although all of the other groups
have the same structure, the position in the X direction for
each group is shifted in parallel by one step at each stage in
the Y direction stepwise. For other sub arrays, the com-
pletely identical grouping pattern with that of the sub array
S5 is used.

[0065] By adopting the sub array shape pattern and the
group shape pattern as shown in FIG. 4, when an ultrasonic
beam is scanned in the direction which is slanted by 45
degrees with respect to the both X and Y directions, the
thickness of each group in that direction can be reduced to
that corresponding to one transducer element, namely it is
possible to prevent a problem that the width of the trans-
ducer portion increases apparently in the beam scanning
direction. This will be described in detail. In the present
embodiment, the same delay time is added on group units.
In other words, a plurality of transducer elements forming
each group are connected in parallel at the time of trans-
mitting and receiving, and they form a single transducer
portion as a whole. When the width of such a transducer
portion increases in the beam scanning direction, side lobes
levels might be increased. On the other hand, when the sub
array shape pattern and the group shape pattern are appro-
priately defined as shown in FIG. 4, it is possible to prevent
the width of the transducer portion from being apparently
increased. In other words, the above-noted problems can be
solved or mitigated.

[0066] FIG. 5 shows various types of sub array patterns
and grouping patterns. The sub array shape pattern shown in
FIG. 5(a) is the same as that shown in FIG. 3 and is used
when scanning an ultrasonic beam in the X direction. The
sub array shape pattern shown in FIG. 5(b) is the same as
that shown in FIG. 5(a) with respect to the outer shape, but
has a different grouping pattern within the sub array. More
specifically, in FIG. 5(b), 5 groups are arranged in the Y
direction, and each group is composed of 5 transducer
elements arranged in the X direction. This pattern is adopted
when scanning an ultrasonic beam in the Y direction.

[0067] FIG. 5(c) shows a sub array shape pattern which is
the same as that shown in FIG. 4. The sub array shape
pattern shown in FIG. 5(d) is obtained by shifting the sub
array shape pattern shown in FIG. 5(b) stepwise in the X
direction by one step at each stage in the Y direction. The sub
array shape pattern shown in FIG. 5(d), as well as that
shown in FIG. 5(c), is preferable when scanning an ultra-
sonic beam upwardly to the right (downward and to the left)
with respect to the sheet surface.

[0068] The sub array shape pattern shown in FIG. 5(¢) has
a shape obtained by deforming the sub array shape pattern
shown in FIG. 5(c) in the opposite diagonal direction. This
sub array shape pattern is preferable when scanning an
ultrasonic beam upward and to the left (downward and to the
right) with respect to the sheet surface.

[0069] The sub array shape pattern shown in FIG. 5(f) has
a shape obtained by deforming the sub array shape pattern
shown in FIG. 5(d) in the opposite diagonal direction. This
sub array shape pattern, similar to that shown in FIG. 5(e),
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is preferable when scanning an ultrasonic beam upward and
to the left (downward and to the right) with respect to the
sheet surface.

[0070] Obviously, these sub array shape patterns or the
like shown in FIG. § are illustrative only, and a variety of
other sub array shape patterns can also be adopted. Specifi-
cally, it is desirable to set the sub array shape pattern and the
grouping pattern in accordance with transmitting and receiv-
ing condition, particularly the beam scanning direction, so as
to prevent side lobes as much as possible, so as to obtain a
better beam profile. Here, in order to simplify the structure
of the switching circuit 20 and also facilitate control thereof,
the number of sub array shape pattern may be limited to
approximately 4, for example. In this case, the sub array
shape patterns shown in FIGS. 5 (a), (b), (¢) (or (d)), and (e)
(or (f) can be adopted.

[0071] In FIG. 6, a variable region R regarding one
specific sub array is indicated with a bold line. This variable
region is defined by the largest outer edge of a region which
the certain sub array can have when the sub array shape
changes. Therefore, the variable region R corresponds to a
region obtained by superposing the shapes shown in FIGS.
5(a) to (f). In FIG. 6, numeral 100 indicates the most basic
sub array shape, which is a square. Further, the grouping
pattern shown in FIG. 5(c) is used, for reference, in the
example of FIG. 6.

[0072] As can be understood from the shape of the vari-
able region R shown in FIG. 6, a plurality of adjacent
variable regions R partially overlap with each other. At each
transmitting and receiving process, however, adjacent sub
arrays are closely coupled with each other and do not
overlap with each other. Overlapping of the variable regions
will be described with reference to FIG. 7.

[0073] Referring to FIG. 7, R1 to R4 show 4 variable
regions concerning 4 sub arrays, respectively, arranged
adjacently in the upper-lower and right-left directions. Here,
the variable region R1 is indicated by a solid line, the
variable region R2 is indicated by an alternate long-and-
short dashed line, the variable region R3 is indicated by an
alternate long-and-two short dashed line, and the variable
range R4 is indicated by a broken line.

[0074] The transducer elements a to 1 located in the
portion where these variable regions partially overlap with
each other will be explained. The transducer elements a, b,
and c belong to the variable regions R1, R2, and R3, the
transducer elements d, e, and f belong to the variable regions
R1, R2, and R4, the transducer elements g, h, and i belong
to the variable regions R2, R3, and R4, and the transducer
elements j, k, and 1 belong to the variable regions R1, R3,
and R4.

[0075] Focusing on the variable region R1, the transducer
elements a to f and j to 1 are included within the variable
region R1 (whereas the transducer elements g to i are not
included), and the variable region R1 also includes a plu-
rality of transducer elements peculiar to the variable region
R1. These peculiar transducer elements include 13 trans-
ducer elements, which are disposed close to each other in a
diamond shape about the center of the variable region R1.

[0076] FIG. 8 shows a comparative example. In this
example, the sub array has a fixed square shape. The
grouping pattern as shown in FIG. 8, for example, is set
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when scanning an ultrasonic beam in the diagonal direction.
In this case, a plurality of transducer elements belonging to
the group C exist multiply along the beam scanning direc-
tion (that is, the thickness of the transducer portion C is
increased in that direction), which results in deformation of
ultrasonic beam profile, causing side lobes to generate
easily. According to the present embodiment, on the other
hand, because it is possible to set the sub array shape and
grouping pattern as shown in FIG. 4, a problem which is
caused in the case as shown in FIG. 8 can be solved or
reduced.

[0077] FIG. 9 shows another example concerning the sub
array shape, in which one sub array is composed of 4x4=16
transducer elements. As shown in FIG. 9, 16 transducer
elements forming each sub array are grouped into 4 groups.
In FIG. 9, each group is hatched in a different manner for the
purpose of identification. The numerical values shown in
FIG. 9 indicate the angles represented by the scanning
direction of an ultrasonic beam (the scanning azimuth).

[0078] By adaptively changing each sub array pattern (and
the grouping pattern simultaneously) in accordance with the
scanning direction of an ultrasonic beam as shown in FIG.
9, a preferable beam profile can be obtained in any beam
direction. A plurality of sub arrays can be closely coupled
with each other whichever sub array shape pattern shown in
FIG. 9 is adopted. When the scanning direction is 45
degrees, for example, a plurality of sub arrays are closely
coupled to each other without any interval therebetween, as
shown in FIG. 4. With regard to other scanning angles, a
plurality of sub arrays are similarly coupled closely with
each other.

[0079] At an end portion of a 2D array transducer, how-
ever, one or a plurality of transducer elements which do not
function substantially may exist. Further, while no interval
is formed between a plurality of sub arrays in the above
embodiment, it is possible to provide one or a plurality of
transducer elements which do not function substantially
between adjacent sub arrays.

[0080] The variable setting method of the sub array shape
pattern as described above is also applicable to a 1.5D array
transducer in which a plurality of transducer elements are
arranged two-dimensionally, in addition to a 2D array trans-
ducer.

[0081] Additional variations for changing the sub array
shape pattern and the grouping pattern will be described
with reference to FIGS. 11 and 12. In FIG. 11, the sub array
is composed of 4x4 transducer elements.

[0082] FIG. 11(A) shows a sub array shape pattern when
the beam scanning direction is 45 degrees. Each group is
composed of 4 transducer elements arranged orthogonally
with respect to the beam scanning direction (indicated by a
bold arrow), and each group has an identical shape. FIG.
11(B) shows a sub array shape pattern when the beam
scanning direction is smaller than 45 degrees. While the sub
array shown in FIG. 11(B) has the same sub array shape
(outer shape) as the sub array shown in FIG. 11(A), the
number of transducer elements forming a group differs
among a plurality of groups and the groups A, B, and C have
non-linear shapes in FIG. 11(B). FIG. 11(C) shows a sub
array shape pattern when the beam scanning direction is
greater than 45 degrees. While the sub array shown in FIG.
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11(C) has the same sub array shape as the sub array shown
in FIG. 11(A), the number of transducer elements forming
a group differs among a plurality of groups and the groups
B, C and D have non-linear shapes in FIG. 11(C). FIG.
11(D) shows another sub array shape pattern when the beam
scanning direction is smaller than 45 degrees. The sub array
shown in FIG. 11(D) has a sub array shape which is different
from that shown in FIG. 11(A). In FIG. 11(D), the group
shape is identical for a plurality of groups. FIG. 11(E) shows
a sub array shape pattern when the beam scanning direction
is significantly small. While the shape of the sub array
shown in FIG. 11(E) is the same as the sub array shown in
FIG. 11(D), the number of transducer elements forming a
group is not identical among a plurality of groups. Which-
ever sub array shape pattern is adopted, a plurality of sub
arrays can be closely coupled with each other.

[0083] As described above, by changing both the sub array
shape pattern and the group shape pattern in accordance with
the beam scanning direction, a preferable ultrasonic beam
can be formed. In particular, by varying the number of
transducer elements forming each group in accordance with
the beam scanning direction, side lobes can be reduced more
effectively.

[0084] While in the above embodiment, all of a plurality
of transducer elements forming each sub array function as
effective transducer elements (transducer elements effecting
transmission and reception of ultrasound), one or a plurality
of ineffective transducer elements (transducer elements not
effecting transmission and reception of ultrasound) may be
provided within each sub array when the beam scanning
direction corresponds to a predetermined angle. A further
embodiment, configured in this manner, will be described
below with reference to FIG. 12.

[0085] In FIG. 12, the sub array is composed of 5x5
transducer elements. FIG. 12(A) shows a sub array shape
pattern (which is the same as the pattern shown in FIGS. 4,
5(b), and 6) when the beam scanning direction is 45 degrees.
Each group is composed of a series of transducer elements
arranged orthogonally with respect to the beam scanning
direction, and each series of transducer elements include 5
transducer elements. FIG. 12(B) shows a sub array shape
pattern when the beam scanning direction is 30 degrees.
FIG. 12(C) shows a sub array shape pattern when the beam
scanning direction is 60 degrees. While the sub arrays shown
in FIGS. 12(B) and (C) have the same shape as that shown
in FIG. 12(A), the sub arrays shown in FIGS. 12(B) and (C)
include a plurality of non-linear groups. FIG. 12(D) shows
a sub array shape pattern when the beam scanning direction
is 25 degrees. In FIG. 12(D), the number of transducer
elements forming a group and the group shape is identical
for a plurality of groups. On the other hand, FIG. 12(E)
shows a sub array shape pattern when the beam scanning
direction is 15 degrees. While the sub array shown in FIG.
12(E) has the same shape as the sub array shown in FIG.
12(D), these sub arrays have different grouping patterns.
FIG. 12(F) shows a sub array shape pattern when the beam
scanning direction is 20 degrees. While the sub array shown
in FIG. 12(F) has the same shape as the sub array shown in
FIG. 12(D), one ineffective transducer element 102 is
included within the sub array shown in FIG. 12(F). FIG.
12(G) shows a sub array shape pattern when the beam
scanning direction is 10 degrees. While the sub array shown
in FIG. 12(G) has the same shape as the sub array shown in
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FIG. 12(E), 4 ineffective transducer elements 102 are
included within the sub array shown in FIG. 12(G). In this
manner, the position and the number of ineffective trans-
ducer elements are variably set in accordance with the beam
scanning direction.

[0086] Whichever sub array shape pattern of those shown
in FIGS. 11 and 12 is adopted, a plurality of sub arrays can
be closely coupled with each other.

[0087] As described above, according to the present
invention, a preferable beam profile can be obtained, which
further achieves an advantage of increasing the quality of an
ultrasonic image which is formed.

What is claimed is:
1. An ultrasound diagnosis apparatus comprising:

a) an array transducer having a plurality of transducer
elements arranged two-dimensionally;

b) a switching section for defining a plurality of sub arrays
with respect to the plurality of transducer elements; and

¢) a receiving processing section for processing a plurality
of receiving signals output from the array transducer;

wherein

d) the switching section changes a sub array shape pattern
of at least one sub array in the array transducer.
2. An ultrasound diagnosis apparatus according to claim
1, wherein

the switching section changes a sub array shape pattern of
each of the plurality of sub arrays.
3. An ultrasound diagnosis apparatus according to claim
2, wherein

an identical sub array shape pattern is defined for the
plurality of sub arrays.
4. An ultrasound diagnosis apparatus according to claim
1, further comprising:

a control section for switching the sub array shape pattern
in accordance with a beam forming condition.
5. An ultrasound diagnosis apparatus according to claim
4, wherein

the array transducer is a 2D array transducer in which a
plurality of transducer elements are arranged in the X
and Y directions, and

the beam forming condition includes a beam scanning
direction on a X-Y plane.
6. An ultrasound diagnosis apparatus according to claim
1, wherein

the switching section further establishes a plurality of
groups for each of the sub arrays, each of the plurality
of groups being composed of a plurality of transducer
elements,

the receiving processing section processes a group receiv-
ing signal output from each of the groups within each
sub array, and

the switching section further has a function of changing a
group shape pattern of each group with a change of the
sub array shape pattern.

7. An ultrasound diagnosis apparatus according to claim

6, wherein
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the number of transducer elements forming each group is

variable in accordance with a beam forming condition.

8. An ultrasound diagnosis apparatus according to claim
7, wherein

the beam forming condition includes a beam scanning
direction.
9. An ultrasound diagnosis apparatus according to claim
1, wherein

one or a plurality of ineffective transducer elements are
included in each sub array in accordance with a beam
forming condition.
10. An ultrasound diagnosis apparatus according to claim
6, further comprising:

a control section for switching the group shape pattern
along with the sub array shape pattern in accordance
with a beam forming condition.

11. An ultrasound diagnosis apparatus according to claim

1, wherein

the plurality of sub arrays are closely coupled with each

other even when the sub array shape pattern is changed.

12. An ultrasound diagnosis apparatus according to claim
1, wherein

a pattern variable region is defined for each sub array,
whereby a plurality of pattern variable regions are
defined on the array transducer,

the pattern variable region for each sub array corresponds
to a region formed by combining a plurality of sub
array shape patterns concerning each sub array, and

the plurality of pattern variable regions partially overlap
with each other.
13. An ultrasound diagnosis apparatus according to claim
12, wherein

each pattern variable region covers a plurality of trans-
ducer elements peculiar to each sub array and a plu-
rality of transducer elements existing on a portion
where the plurality of pattern variable regions partially
overlap.

14. An ultrasound diagnosis apparatus comprising:

a) an array transducer having a plurality of transducer
elements;

b) a switching section for defining a plurality of sub arrays
with respect to the plurality of transducer elements and
for setting a plurality of groups for each sub array and
outputting a group receiving signal for each of the
groups;

¢) a receiving processing section for processing a plurality
of group receiving signals output from the switching
section; and

d) a control section for controlling the switching section
in accordance with a beam scanning condition,

wherein

e) the control section controls an operation of the switch-
ing section to change a sub array shape pattern of each
sub array and change a group shape pattern of each
group.

15. An ultrasound diagnosis apparatus according to claim

14, wherein
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the receiving processing section includes:

a plurality of sub phase adjusting and summing circuits,
each sub phase adjusting and summing circuit perform-
ing a sub phase adjusting and summing process with
respect to a plurality of group receiving signals output
from each sub array and outputting a sub phase
adjusted and summed signal; and

a main phase adjusting and summing circuit for perform-
ing a main phase adjusting and summing process with
respect to a plurality of sub phase adjusted and summed
signals output from the plurality of sub phase adjusting
and summing circuits.

16. An ultrasound diagnosis apparatus according to claim

15, wherein

at least the array transducer and the switching section are
provided within a probe head.
17. An ultrasound diagnosis apparatus comprising:

a) an array transducer having a plurality of transducer
elements;

b) a switching section for setting a plurality of sub arrays
with respect to the plurality of transducer elements; and

¢) a control section for controlling the switching section
to adaptively change a sub array shape pattern of each
of the sub arrays in accordance with a beam scanning
direction.

18. An ultrasound diagnosis apparatus according to claim

17, wherein

each sub array shape pattern is formed by a plurality of
pattern elements, and

each of the plurality of pattern elements is formed by a
series of transducer elements arranged in a substantially
linear shape.

19. An ultrasound diagnosis apparatus according to claim

18, wherein

each series of transducer elements is substantially
orthogonal with respect to the beam scanning direction.

20. An ultrasound diagnosis apparatus according to claim

17, wherein

each sub array has a quadrangle shape when the beam
scanning direction is O degrees, 90 degrees, 180
degrees, and 270 degrees, and

the shape of each sub array is changed from the quad-
rangle shape to a parallelogram or the like when the
beam scanning direction is an angle other than the
above described angles.

21. An ultrasound diagnosis apparatus according to claim

17, wherein

the control section sets one or a plurality of ineffective
transducer elements within each sub array in accor-
dance with the beam scanning direction, and also
defines a plurality of groups by means of a plurality of
effective transducer elements other than the one or a
plurality of ineffective transducer elements within each
sub array.

22. An ultrasound diagnosis apparatus according to claim

17, wherein
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the control section defines a plurality of groups within
each sub array in accordance with the beam scanning
direction, and

the control section changes a group shape pattern of each
of the groups in accordance with the beam scanning
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direction and also changes the number of transducer
elements forming each group in accordance with the
beam scanning direction.



patsnap

TRAFROE) BAE LR
NIF(2E)E US20040267126A1 K (2E)R 2004-12-30
RS US10/869127 iR 2004-06-16

FRIFE(ENR)AGEF) BUMBRRETHRASH
B (T M) A(F) ALOKA CO. , LTD.

LFERF(ERMD)AGE) HITACHI, LTD.

[#RI &8 A TAKEUCHI HIDEKI

KREBA TAKEUCHI, HIDEKI

IPCHE& G01S7/52 G01S7/521 G01S15/89 G10K11/34 A61B8/02

CPCHZES G01S7/52046 G01S7/52079 G01S15/8925 A61B8/483 G10K11/346 Y10S128/916 G01S15/8927
i £ 2003181113 2003-06-25 JP

H A0 FF Sk US7322936

SNERaE Espacenet USPTO

FHIIMRERREXARAESOEENBHE. SN FHEIIBSNA \ Sorueng o (
W, SNMERS MR THAR. A FEIIERBERELRA 22 7 g6 2
ErRENSE  SANARRERERE. FEIIPRENSN T
miE , #BTEXSHABATNEROKZANLEHBE, JEXESN :
FRESIR UL ER D BB, FE2DRESIRALRR £, AMELB/ANFRESIRSE - FL
TE , SN FEIGERRERERSE. 3

HEEUMIRESD , E2DKF5IREER ERES N FH. 8N FHTIH R/ c / AN

SWITCHING
CIRCUIT

MAIN PHASE|
ADJUSTING AND

SUMMING CIRCUIT | ADJUSTING a1
-16a AND

e 5 e | O

SETTING
GROUP SETTING/

) E;AJza 27
i)

| SUMMING “:':;"l

,,,,,,,
I

(T T T

I~ 32

CONTROL SECTION



https://share-analytics.zhihuiya.com/view/1896b3da-1091-49b6-bb84-5b4d13bbbf60
https://worldwide.espacenet.com/patent/search/family/033411078/publication/US2004267126A1?q=US2004267126A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220040267126%22.PGNR.&OS=DN/20040267126&RS=DN/20040267126

