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(57) ABSTRACT

A spatial position x' of each ultrasonic transducer is accu-
rately obtained for each probe in consideration of each edge
transducer gap, and a delay time T(x'(n)) and a weighting
coeflicient W(x'(n)) are calculated on the basis of the posi-
tion of each ultrasonic transducer. A control unit executes
ultrasonic transmission/reception by using the calculated
delay times and weighting coeflicients to realize a suitable
acoustic field with high deflection angle accuracy, small
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ULTRASONIC TRANSMISSION/RECEPTION
CONDITION OPTIMIZATION METHOD,
ULTRASONIC TRANSMISSION/RECEPTION
CONDITION OPTIMIZATION PROGRAM, AND
ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2005-176488, filed Jun. 16, 2003, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to the optimization of
beam deflection in ultrasonic transmission/reception using a
two-dimensional ultrasonic probe having, for example,
ultrasonic transducers arranged in a two-dimensional matrix,
a delay time for beam convergence, a weighting coeflicient
used in echo signal addition processing, and the like.

[0004] 2. Description of the Related Art

[0005] An ultrasonic diagnostic apparatus is a medical
image device which noninvasively obtains a tomogram of a
soft tissue in a living body from the body surface by an
ultrasonic pulse reflection method. This ultrasonic diagnos-
tic apparatus has advantages of being smaller in size, more
inexpensive, and safer because of no exposure to X-rays and
the like than other medical image devices, and of being
capable of blood flow imaging, and hence is widely used in
a cardiac department, abdominal department, urological
department, obsterics and gynecology, and the like.

[0006] In recent ultrasonic imaging apparatuses, a real-
time three-dimensional display function (three-dimensional
real-time display function) has been put into practice. Tech-
niques for this function include a technique (mechanical 4D
scanning method) of using a mechanical 3D scanner which
scans a three-dimensional area of a subject by mechanically
scanning an electronic scanning type one-dimensional array
transducer in a direction perpendicular to a scanning surface
and a technique (to be referred to as a real-time 3D scanning
method hereinafter) of realizing scanning on a three-dimen-
sional area of a subject by electronic scanning operation
using a two-dimensional ultrasonic probe having a two-
dimensional array of transducers (see, for example, Jpn. Pat.
Appln. KOKAT Publication Nos. 6-169921 and 9-313487).

[0007] The real-time 3D scanning method, in particular,
has been rapidly popularized together with the introduction
of a two-dimensional ultrasonic probe. As shown in F1G. 11,
a two-dimensional ultrasonic probe used in this real-time 3D
scanning method, which has ultrasonic transducers arranged
in a two-dimensional matrix (e.g., 36 elementsx48 ele-
ments=1728 elements), is formed by cutting a plurality of
(e.g., three) blocks made of a ceramic piezoelectric material
or the like (into 12 elementsx48 elements each) so as to form
ultrasonic transducer blocks BL having a plurality of ultra-
sonic transducers, and bonding the blocks BL to each other
through adhesive layers as shown in FIG. 12. Note that a
plurality of ultrasonic transducer blocks BL are bonded to
each other through adhesive layers in this manner because it

1. Field of the Invention
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is difficult to cut one ceramic piezoelectric material block
into, for example, 1782 elements by using any one of the
current dicing techniques.

[0008] For example, the following problems arise in the
conventional ultrasonic diagnostic apparatuses.

[0009] FIG. 13 is an enlarged view of the inside of the
circle shown in FIG. 12, which shows an edge of each
ultrasonic transducer block on the ultrasonic wave applica-
tion side. As has been described above, the respective
ultrasonic transducer blocks are bonded to each other
through adhesive layers (not shown). As shown in FIG. 13,
therefore, the ultrasonic transducer at one or two ends of
each ultrasonic transducer block (in FIG. 13, the 12th, 13th,
24th, and 25th ultrasonic transducers to be referred to as
“edge ultrasonic transducers” hereinafter) are bonded to the
adhesive layers. For this reason, each edge ultrasonic trans-
ducer is subjected to the influence of bonding (e.g., changes
in shape and the like), and has vibration characteristics (i.e.,
acoustic characteristics) different from those of the other
type (which is not used for bonding) of ultrasonic transduc-
ers. However, the conventional system gives no consider-
ation of the characteristic difference between edge ultrasonic
transducers and the other type of ultrasonic transducers due
to this bonding.

[0010] In addition, there are gaps (edge transducer gaps)
due to the presence of the adhesive layers between edges of
the ultrasonic transducer blocks. However, calculation of
delay times and the like in ultrasonic transmission/reception
in the prior art gives no consideration to such edge trans-
ducer gaps. This may therefore be a factor that causes a
corresponding error. For example, this causes a sidelobe S
like that shown in FIG. 14.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention has been made in consider-
ation of the above situation, and has as its object to provide
an ultrasonic transmission/reception condition optimization
method, ultrasonic transmission/reception condition optimi-
zation program, and ultrasonic diagnostic apparatus which
can realize suitable acoustic characteristics as compared
with the prior art by executing ultrasonic transmission/
reception in consideration of edge transducer gaps and the
characteristics of edge transducers.

[0012] According to an aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus com-
prising an ultrasonic probe including a plurality of ultrasonic
transducer blocks which generate ultrasonic waves on the
basis of supplied driving signals and generate echo signals
on the basis of received ultrasonic waves, and each include
a plurality of ultrasonic transducers, and an adhesive layer
which bonds the plurality of ultrasonic transducer blocks to
each other, a transmission/reception unit to transmit/receive
ultrasonic waves, and a control unit which determines a
transmission/reception condition in accordance with a posi-
tion of each ultrasonic transducer block, and controls the
transmission/reception unit on the basis of the determined
transmission/reception condition.

[0013] According to another aspect of the present inven-
tion, there is provided an ultrasonic transmission/reception
condition optimization method using an ultrasonic probe
including a plurality of ultrasonic transducer blocks includ-
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ing a plurality of ultrasonic transducers which generate
ultrasonic waves on the basis of supplied driving signals and
generate echo signals on the basis of received ultrasonic
waves, and an adhesive layer which bonds the plurality of
ultrasonic transducer blocks to each other, comprising
acquiring positions of the plurality of ultrasonic transducer
blocks, determining a transmission/reception condition in
accordance with the position of each ultrasonic transducer
block, and executing ultrasonic transmission on the basis of
the determined transmission/reception condition.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0014] FIG.11is a block diagram showing the arrangement
of an ultrasonic diagnostic apparatus 1 according to this
embodiment;

[0015] FIG. 2 is a view for explaining a delay time/
weighting coefficient calculation technique in a conven-
tional ultrasonic diagnostic apparatus;

[0016] FIG. 3 is a view for explaining a delay time/
weighting coefficient calculation technique associated with a
delay time/weighting coeflicient optimization function
according to this embodiment;

[0017] FIG.dA s a view for explaining an example of the
effect obtained by this delay time/weighting coeflicient
optimization function;

[0018] FIG. dB is a view for explaining an example of the
effect obtained by this delay time/weighting coeflicient
optimization function;

[0019] FIG. 5 is a perspective view for explaining an
example in which ultrasonic transducer blocks BL(n, m) are
connected and arranged in the form of a two-dimensional
matrix through connection layers Dn and Dm;

[0020] FIG. 6 is a flowchart showing the flow of each
processing executed in ultrasonic transmission/reception
based on the delay time/weighting coeflicient optimization
function;

[0021] FIG. 7isa graph showing the spectrum distribution
of echo signals obtained by ultrasonic transmission/recep-
tion using delay times and weighting coeflicients according
to the prior art (i.e., without any consideration to edge
transducer gaps);

[0022] FIG. 8 is a graph showing the distribution of
sidelobes which appear in ultrasonic transmission/reception
using delay times and weighting coeflicients according to
the prior art;

[0023] FIG.9is a graph showing the spectrum distribution
of echo signals obtained by ultrasonic transmission/recep-
tion using delay times and weighting coeflicients determined
by this delay time/weighting coeflicient optimization func-
tion;

[0024] FIG. 10 is a graph showing the distribution of
sidelobes which appear in ultrasonic transmission/reception

using delay times and weighting coeflicients determined by
this delay time/weighting coefficient optimization function;

[0025] FIG. 11 is a view for explaining the ultrasonic
transducer array of an ultrasonic probe;
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[0026] FIG. 12 is a view for explaining the ultrasonic
transducer array of the ultrasonic probe;

[0027] FIG. 13 is a view for explaining the ultrasonic
transducer array of the ultrasonic probe; and

[0028] FIG. 14 is a graph showing the spectrum distribu-
tion of transmission ultrasonic waves to explain problems in
a conventional ultrasonic diagnostic apparatus.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] An embodiment of the present invention will be
described below with reference to the views of the accom-
panying drawing. Note that the same reference numerals
denote constituent elements having substantially the same
functions and arrangements, and a repetitive description will
be made only when required.

[0030] FIG. 11is a block diagram showing the arrangement
of an ultrasonic diagnostic apparatus 1 according to this
embodiment. As shown in FIG. 1, the ultrasonic diagnostic
apparatus 1 comprises an ultrasonic probe 10, storage umit
30, input unit 7, monitor 25, and apparatus body 50.

[0031] The ultrasonic probe 10 includes a plurality of
ultrasonic transducers which generate ultrasonic waves at a
predetermined timing on the basis of a driving signal from
an ultrasonic transmission unit 2 and convert reflected waves
from a subject into electrical signals, matching layers pro-
vided for the ultrasonic transducers, backing members
which prevent ultrasonic waves from propagating backward
from the ultrasonic transducers, and the like. When ultra-
sonic waves are transmitted from the ultrasonic probe 10 to
a subject P, the transmitted ultrasonic waves are sequentially
reflected by a discontinuity surface of acoustic impedance of
internal body tissue, and are received as an echo signal by
the ultrasonic probe 10. The amplitude of this echo signal
depends on an acoustic impedance difference on the discon-
tinuity surface by which the echo signal is reflected. The
echo produced when an ultrasonic pulse is reflected by the
surface of a moving blood flow, cardiac wall, or the like is
subjected to a frequency shift depending on the speed
component of the moving body in the ultrasonic transmis-
sion direction due to a Doppler effect.

[0032] For the sake of a concrete description, assume that
the ultrasonic probe 10 is a two-dimensional ultrasonic
probe having ultrasonic transducers arranged in a two-
dimensional matrix (e.g., 36 elementsx48 elements=1728
elements). The ultrasonic probe 10 is formed as follows. For
example, ultrasonic transducer blocks BL each having a
plurality of ultrasonic transducers (e.g., 12 elementsx48
elements) are formed by cutting a plurality of (e.g., three)
blocks made of a ceramic piezoelectric material. These
blocks are then bonded to each other in the array direction
of ultrasonic transducers through adhesive layers.

[0033] The storage unit 30 stores images obtained by past
imaging operation, images captured by this apparatus
through a network and detachable storage media, a dedicated
program for the execution of a predetermined imaging
sequence, and the like.

[0034] The storage unit 30 also stores, for each probe, the
spatial position of each ultrasonic transducer from a refer-
ence position set in consideration of an edge transducer gap
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and information (e.g., a predetermined formula or a corre-
spondence table, which information will be referred to as
“delay time/weighting coeflicient acquisition information”
hereinafter) for the acquisition of a delay time and weighting
coefficient for each ultrasonic transducer on the basis of the
spatial position of each ultrasonic transducer. In addition, the
storage unit 30 stores, for each probe, a delay time and
weighting coefficient for each ultrasonic transducer acquired
on the basis of the spatial position of each ultrasonic
transducer which is set in consideration of each edge trans-
ducer gap, as needed.

[0035] The input unit 7 includes various kinds of switches
and buttons, a trackball, a mouse, a keyboard, and the like
which are connected to the apparatus body 50 of the ultra-
sonic diagnostic apparatus 1 to input various kinds of
instructions and conditions, an instruction to set a region of
interest (ROI), various kinds of image quality condition
setting instructions, and the like from the operator to the
apparatus body. For example, when the operator operates a
predetermined button of the input unit 7, delay time/weight-
ing coefficient optimization processing (to be described
later) or displaying of the result obtained by the processing
in a predetermined form is executed.

[0036] The monitor 25 displays morphological informa-
tion in the living body or blood flow information as an image
on the basis of a video signal received from the apparatus
body 50. The image or the like displayed on the monitor 25
is stored in a storage unit in the apparatus body 50 in
response to predetermined operation with the input unit 7 or
the like.

[0037] The apparatus body 50 comprises the ultrasonic
transmission unit 2 which performs transmission control on
ultrasonic waves transmitted from the ultrasonic probe 10,
an ultrasonic reception unit 3 which performs preprocessing
for an echo signal received by the ultrasonic probe 10, a
harmonic detection unit 4 which detects a harmonic com-
ponent from the echo signal having undergone the prepro-
cessing, a signal processing unit 5 which generates image
data upon performing predetermined signal processing for
the detected harmonic component, an image display unit 8
which generates and displays an ultrasonic image on the
basis of the image data, and a control circuit (CPU) 6.

[0038] The ultrasonic transmission unit 2 comprises a rate
pulse generator 11, transmission delay circuit 12, and pulser
13. The rate pulse generator 11 generates a rate pulse which
determines the cycle period (rate period) of ultrasonic pulses
to be emitted into the subject, and supplies the rate pulse to
the transmission delay circuit 12. The transmission delay
circuit 12 comprises independent delay circuits of M chan-
nels equal in number to the ultrasonic transducers used for
transmission. The transmission delay circuit 12 gives the
received rate pulse a focusing delay time for focusing
ultrasonic pulses to a predetermined depth and a deflection
delay time for transmitting the ultrasonic pulses in a prede-
termined direction, and supplies the resultant rate pulse to
the pulser 13. The pulser 13 includes independent driving
circuits of the M channels equal in number to the delay
circuits of the transmission delay circuit 12. The ultrasonic
transducers mounted on the ultrasonic probe 10 are driven to
emit ultrasonic pulses into the subject by applying driving
signals generated by the respective driving circuits to the
respective ultrasonic transducers.
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[0039] Note that the transmission delay circuit 12 of the
ultrasonic transmission unit 2 contbines the focusing delay
time and deflection delay time which are optimized by delay
time/weighting coefficient optimization processing (to be
described later) to give a delay time to the rate pulse.

[0040] The ultrasonic reception unit 3 comprises a pream-
plifier 14, A/D converter 15, beam former 16, and adder 28.
The preamplifier 14 is designed to amplify small signals
converted into electrical echo signals by the ultrasonic
transducers to ensure a sufficient S/N ratio. The fundamental
components and harmonic components of the echo signals
amplified to a predetermined magnitude by the preamplifier
14 are converted into digital signals by the A/D converter 15,
and the digital signals are sent to the beam former 16. The
beam former 16 gives each echo signal converted into a
digital signal a focusing delay time for focusing each
reflected ultrasonic wave from a predetermined depth and a
deflection delay time for scanning the subject while sequen-
tially changing the reception directivity of each reflected
ultrasonic wave. The adder 28 performs phased addition of
the outputs from the beam former 16 (addition of the echo
signals obtained from a predetermined direction upon phas-
ing).

[0041] Note that the beam former 16 of the ultrasonic
reception unit 3 performs beam forming by using at least one
of the focusing delay time and the deflection delay time
which are optimized by delay time/weighting coefficient
optimization processing (to be described later). The adder 28
of the ultrasonic reception unit 3 performs addition process-
ing in accordance with a control signal from the control
circuit 6 in delay time/weighting coefficient optimization
processing (to be described later).

[0042] The harmonic detection unit 4 performs processing
associated with the phase-in version method, and comprises
a waveform memory 17, adder-subtracter 18, and filter
circuit 19. The waveform memory 17 temporarily stores
echo signals obtained by the first transmission/reception in
a predetermined direction. The adder-subtracter 18 adds or
subtracts echo signals obtained by second to nth (n is a
natural number of two or more; n=4 in this case) transmis-
sion/reception in the predetermined direction and the echo
signals stored in the waveform memory 17. The filter circuit
19 is a filter which reduces fundamental components which
cannot be erased by the phase-in version method due to the
movement of an organ and the movement of the body.

[0043] The signal processing unit 5 comprises an envelope
detector 20, logarithmic transformer 21, and persistence
transformer 22. The envelope detector 20 performs envelope
detection computation for an input digital signal to detect its
envelope. The logarithmic transformer 21 comprises a
lookup table which logarithmically transforms an input
value and outputs the resultant data. The logarithmic trans-
former 21 logarithmically transforms the amplitude of an
echo signal to relatively enhance a weak signal. The persis-
tence transformer temporarily stores scanning lines corre-
sponding to several frames, and performs processing of
averaging luminance changes.

[0044] The image display unit 8 comprises a display
image memory 23 and a conversion circuit 24. The display
image memory 23 combines image data supplied from the
signal processing unit 5 and accessory data such as charac-
ters and numerals associated with the image data, and
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temporarily stores the resultant data. The display image
memory 23 temporarily stores image data obtained by
combining a normal mode image and a puncture mode
image in a predetermined form. The stored image data and
accessory data are subjected to D/A conversion and TV
format conversion in the conversion circuit 24, and the
resultant image is displayed on the monitor 25.

[0045] The control circuit 6 reads out transmission/recep-
tion conditions and a dedicated program stored in the storage
unit 30 on the basis of instructions of mode selection,
transmission start/end, and the like input from the input unit
7, and statically or dynamically controls each unit and the
overall system in accordance with them. In this embodiment,
in particular, the control circuit 6 reads out a dedicated
program for implementing the delay time/weighting coeffi-
cient optimization function (to be described later) from the
storage unit 30, loads the program in a predetermined
memory, and executes control on each unit in accordance
with the program.

(Ultrasonic  Transmission/Reception Condition (Delay
Time/Weighting Coeflicient) Optimization Function)

[0046] The delay time/weighting coeflicient optimization
function of the ultrasonic diagnostic apparatus 1 will be
described next. This function is used to accurately grasp the
spatial position of each ultrasonic transducer for each probe
and execute ultrasonic transmission/reception by using the
delay time/weighting coeflicient calculated on the basis of
the spatial position of each ultrasonic transducer, thereby
realizing a suitable acoustic field in consideration of the
influence of each edge transducer gap and the acoustic
characteristics of each edge transducer.

[0047] Note that the delay time optimized by this function
is a delay pattern for beam forming (to be executed at the
time of transmission or reception). In addition, the weighting
coeflicient optimized by this function indicates the weight-
ing coefficient of an aperture function used in echo signal
addition processing.

[0048] In addition, this optimization function can be
implemented by installing software programs for executing
processing associated with this function in an existing
ultrasonic diagnostic apparatus or a computer such as a
workstation and loading the programs in a memory as well
as being implemented by a hardware arrangement. In this
case, the programs which can cause the computer to execute
the corresponding techniques can be distributed by being
stored in recording media such as magnetic disks (floppy
(registered trademark) disks, hard disks, and the like), opti-
cal disks (CD-ROMs, DVDs, and the like), and semicon-
ductor memories.

[0049] FIG. 2 is a view for explaining a conventional
delay time/weighting coefficient calculation technique. As
shown in FIG. 2, in the conventional technique, an ultrasonic
transducer array is assumed to have an ideal structure
without any edge transducer gap due to the connection
layers which connect the ultrasonic transducer blocks to
each other, a coordinate axis is set with, for example, a
reference position O being an origin, and a spatial position
x(n) (n is a transducer number) of each element is defined on
the basis of the width of each element, an array pitch, and the
like. In addition, a delay time and a weighting coeflicient are
determined by predetermined formulas T(x(n)) and W(x(n))
defined with reference to the above ideal structure.
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[0050] In an actual ultrasonic transducer array, however,
there are edge transducer gaps due to the connection layers
which connect the ultrasonic transducer blocks to each other,
and hence the positions of the respective elements are
influenced by the edge transducer gaps (see FIG. 3). For this
reason, the spatial position x(n) of each element which is
defined by the conventional technique is not accurate, and
hence the delay time and weighting coefficient which are
determined by using the position x(n) and predetermined
formulas T(x(n)) and W(x(n)) also contain errors due to the
edge transducer gaps and become factors that produce an
acoustic field which degrades a low deflection angle accu-
racy and includes many sidelobes.

[0051] This delay time/weighting coefficient optimization
fanction serves to accurately grasp the spatial position of
each ultrasonic transducer for each probe and execute ultra-
sonic transmission/reception by using the delay time and
weighting coeflicient for each transducer calculated on the
basis of the spatial position of each transducer.

[0052] FIG. 3 is a view for explaining a delay time/
weighting coefficient calculation technique according to this
function. According to this function, for example, a coordi-
nate axis with the reference position O being an origin is set,
and a spatial position x'(n) of each element is defined in
consideration of the edge transducer gaps. In addition, a
delay time and a weighting coeflicient are determined by
predetermined formulas T(x'(n)) and W(x'(n)) defined in
consideration of the edge transducer gaps.

[0053] First of all, the reference positions (central posi-
tions C1, C2, and C3 in the example shown in FIG. 3) of
ultrasonic blocks BL1, BL2, and BL3 are measured. In each
ultrasonic block, the spatial position x'(n) of each ultrasonic
transducer is determined in accordance with the distance
from each central position. At this time, since the central
positions C1, C2, and C3 of the respective ultrasonic blocks
are measured in consideration of the thicknesses of connec-
tion layers D1 and D2, the spatial position x'(n) of each
ultrasonic transducer can be accurately grasped.

[0054] In addition, a delay time and a weighting coeffi-
cient are accurately defined on the basis of the spatial
position of each ultrasonic transducer. Take a transmission/
reception delay time for example, if a conventional delay
pattern P with no consideration given to edge transducer
gaps and a beam B based on this pattern are those shown in
FIG. 4A, this function can correct them into a deflection
delay pattern P' and a beam B' based on this pattern as shown
in FIG. 4B. This makes it possible to eliminate errors due to
the edge transducer gaps and realize a suitable acoustic field
which improves the deflection angle accuracy and includes
little sidelobes.

[0055] In this embodiment, for the sake of descriptive
convenience, a delay time and a weighting coeflicient are
defined by predetermined formulas T(x(n)), W(x(n)), T(x',
(n)), and W(x'(n)). However, the present invention is not
limited to this, and the technical idea of the present invention
can be applied to any arrangement as long as each ultrasonic
transducer is identified on the basis of an accurate spatial
position in consideration of edge transducer gaps, and a
delay time and a weighting coeflicient are defined for each
identified element. Therefore, a delay time and a weighting
coeflicient for each element may be obtained by using a table
which associates the spatial position of each transducer,
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obtained in consideration of edge transducer gaps, with a
delay time and a weighting coefficient.

[0056] In addition, the reference position of each ultra-
sonic block BLn (n is a natural number) is not limited to a
central position Cn of each block. That is, the reference
position may be any position as long as the position of each
element of each ultrasonic block can be determined in
consideration of the thickness of a connection layer Dn.

[0057] This embodiment has exemplified the case wherein
the ultrasonic blocks BLn are one-dimensionally (in the
array direction) connected through the connection layers Dn.
However, the present invention is not limited to this, and the
technique of this embodiment can also be applied to a case
wherein ultrasonic blocks BL(n, m) (n and m are both
natural numbers) are two-dimensional connected to each
other through connection layers Dn and Dm, as shown in, for
example, FIG. 5. In this case, central positions C(1, 1), . . .
, C(n, m) of ultrasonic blocks BL(1, 1), . . ., BL(n, m) are
measured. In each ultrasonic block, then, a spatial position
x'(n, m) of each ultrasonic transducer is determined in
accordance with the distance from each central position. At
this time, since the thicknesses of the connection layers Dn
and Dm are taken into consideration in the measurement of
the central position C(n, m) of each ultrasonic block, the
spatial position X'(n, m) of each ultrasonic transducer can be
accurately grasped.

(Measurement of Position of Each Ultrasonic Transducer)

[0058] Calculation of delay times and weighting coeffi-
cients with consideration given to the above edge transducer
gaps is executed according to a predetermined formula, rule,
or the like on the basis of the spatial positions of the
respective ultrasonic transducers. The position of each ultra-
sonic transducer which is used in this case can be measured
by, for example, one of the methods according to the first to
third embodiments to be described below.

First Embodiment

[0059] Before acoustic lenses and the like are bonded, an
array shape is measured by using a microscope or the like,
and offset values and variations of ultrasonic transducer
block intervals are obtained and calculated as statistics for
each production lot of ultrasonic transducer blocks. Prede-
termined correction is then performed by using software for
the system on the basis of the obtained offset values, and the
unified spatial position of each ultrasonic transducer is
obtained for each production lot. According to this tech-
nique, the spatial position of each ultrasonic transducer can
be acquired relatively easily in consideration of the influ-
ences of edge transducer gaps.

Second Embodiment

[0060] An array shape (ultrasonic transducer block inter-
val or the like) is measured for each ultrasonic probe before
a manufactured lens is bonded. The measured value is input
to a predetermined correction table incorporated in advance
in an ultrasonic diagnostic apparatus 1, and correction is
performed for each probe by using each piece of probe
information. This technique can acquire the spatial position
of each ultrasonic transducer in consideration of edge trans-
ducer gaps more accurately than the technique according to
the first embodiment and more easily than the technique
according to the third embodiment.
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Third Embodiment

[0061] Each manufactured probe is placed in a water bath,
and an acoustic field is measured. Parameters are operated
and optimized until deflection angles and sidelobes fall
within specified values, and the optimal values are input to
a predetermined correction table incorporated in the appa-
ratus in advance, thereby performing correction for each
probe. For example, a sidelobe originating from an adhesive
layer between ultrasonic transducer blocks has a shape with
a certain tendency. The influence of an edge transducer gap
can be corrected by inputting optimal values so as to reduce
such a tendency. This technique can acquire the spatial
position of each ultrasonic transducer more accurately than
the techniques according to the first and second embodi-
ments.

(Apodization)

[0062] Inan ultrasonic probe 10 having an arrangement in
which ultrasonic blocks BLn are bonded to each other
through adhesive layers Dn, a problem arises in terms of the
acoustic characteristics of edge transducers bonded to the
adhesive layers. In this ultrasonic diagnostic apparatus, a
weighting coeflicient for attenuvating an echo signal from
each edge transducer is set, and addition processing is
performed by using it to reduce a sidelobe due to the
acoustic characteristics of each edge transducer (apodiza-
tion).

[0063] In addition, apodization may be executed for a
signal at the time of transmission as well as a signal at the
time of reception. That is, a transmission voltage is set with
a weight that reduces transmission ultrasonic waves and is
applied to each edge transducer. This makes it possible to
transmit a beam with a reduced sidelobe originating from the
acoustic characteristics of each edge transducer.

(Operation)

[0064] Ultrasonic transmission/reception based on the
delay time/weighting coeflicient optimization function of an
ultrasonic diagnostic apparatus 1 will be described next.

[0065] FIG. 6 is a flowchart showing the flow of each
processing executed in ultrasonic transmission/reception
based on the delay time/weighting coeflicient optimization
function. As shown in FIG. 6, first of all, when the ultrasonic
probe 10 used for imaging is connected to an apparatus body
50, a control circuit 6 recognizes the ID of the connected
ultrasonic probe 10 (step S1), and acquires a delay time and
weighting coeflicient for each ultrasonic transducer of the
ultrasonic probe (i.e., T(x'(n)) and W(X'(n)) set in consider-
ation of each edge transducer gap) from a storage unit 30
(step S2). In addition, a weighting coeflicient is determined
for each edge transducer to reduce a sidelobe originating
from its acoustic characteristics.

[0066] Note that this delay time and weighting coefficient
are calculated in advance by using the spatial position
information and delay time/weighting coeflicient acquisition
information of each ultrasonic transducer of the ultrasonic
probe which are stored in the storage unit 30. However, the
present invention is not limited to this. For example, every
time an ultrasonic probe is connected to the apparatus body
50, a delay time and a weighting coefficient may be calcu-
lated by using the spatial position information and delay



US 2007/0016048 A1

time/weighting coefficient information of each ultrasonic
transducer of the ultrasonic probe which are stored in the
storage unit 30.

[0067] Ultrasonic transmission/reception is performed on
the basis of the acquired delay time/weighting coefficient
information (step S3). An ultrasonic image is then generated
on the basis of acquired echo signals, and is displayed in a
predetermined form (step S4).

[0068] According to the above arrangement, the following
effects can be obtained.

[0069] According to this ultrasonic diagnostic apparatus,
the position of each ultrasonic transducer is accurately
specified in consideration of each edge transducer gap, and
a delay time/weighting coeflicient for each transducer is
determined in ultrasonic transmission/reception on the basis
of the specified position. For example, a reference position
of each ultrasonic block is measured, and a spatial position
x'(n) of each ultrasonic transducer is determined in accor-
dance with the distance from each reference position. Since
a delay time and a weighting coefficient are determined in
accordance with the position of each ultrasonic transducer,
accurate delay times and weighting coeflicients can be
determined in consideration of the thickness of each adhe-
sive layer as compared with the prior art in which delay
times and weighting coeflicients are determined without any
consideration to edge transducer gaps. That is, delay times
are corrected by times corresponding to the distances from
the edge transducer gaps. In addition, for example, a weight-
ing coeflicient matching the characteristics of each trans-
ducer can be set by specifying each edge transducer on the
basis of accurate spatial positions and selecting a weighting
coeflicient corresponding to a deterioration in the sensitivity
of each edge transducer. This makes it possible to realize a
suitable acoustic field which realizes high deflection angle
accuracy and can reduce sidelobes and the like as compared
with the prior art.

[0070] FIG.7isa graph showing the spectrum distribution
of echo signals obtained by ultrasonic transmission/recep-
tion using delay times and weighting coeflicients according
to the prior art (i.e., those determined by a technique without
any consideration to edge transducer gaps). FIG. 8 is a graph
showing the distribution of sidelobes which appear in ultra-
sonic transmission/reception using delay times and weight-
ing coeflicient according to the prior art.

[0071] FIG.9is a graph showing the spectrum distribution
of echo signals obtained by ultrasonic transmission/recep-
tion using delay times and weighting coeflicients determined
by this delay time/weighting coeflicient optimization func-
tion. FIG. 10 is a graph showing the distribution of sidelobes
which appear in ultrasonic transmission/reception using
delay times and weighting coefficient determined by the
delay time/weighting coeflicient optimization function.

[0072] A comparison between FIGS. 7 and 9 reveals that
the size of a sidelobe S' is smaller than that of a sidelobe S.
In addition, a comparison between FIGS. 8 and 10 reveals
that in ultrasonic transmission/reception executed in this
apparatus, the occurrence of sidelobes is more suppressed,
and the resolution improves. This technique has the effect of
solving the problem that the main lobe is located inside more
than actually due to the shadows of the edge transducer gaps,
in addition to the sidelobe reducing effect.
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[0073] In addition, according to this embodiment, side-
lobes originating from the acoustic characteristics of the
edge transducers bonded to the adhesive layers are reduced
by executing apodization associated with the edge transduc-
ers at least at the time of transmission or reception. As a
consequence, ideal beam forming can be realized at the time
of transmission and at the time of reception.

[0074] Furthermore, according to this embodiment, a pro-
gram which implements this delay time/weighting coefi-
cient optimization function and the spatial position of each
ultrasonic transducer obtained in consideration of each edge
transducer gap are installed in an existing apparatus, and the
apparatus is activated to implement the delay time/weighting
coeflicient optimization function. Therefore, this function
can be implemented at a relatively low cost and with ease.

[0075] The present invention is not limited to the above
embodiment, and can be embodied in the execution stage by
modifying constituent elements within the spirit and scope
of the invention. For example, the following are specific
modifications.

[0076] (1) The above embodiment has exemplified delay
time/weighting coeflicient optimization in the ultrasonic
diagnostic apparatus. However, the technical idea of the
present invention can be applied to any apparatus which
performs at least ultrasonic transmission or ultrasonic recep-
tion. Therefore, the present invention is not limited to an
ultrasonic diagnostic apparatus, and can be applied to an
ultrasonic medical treatment apparatus, an ultrasonic exami-
nation apparatus, and the like.

[0077] (2) In the above embodiment, for the sake of
concreteness, a two-dimensional ultrasonic probe having a
plurality of ultrasonic transducers arranged in the form of a
matrix has been exemplified. However, the present invention
is not limited to this, and the technical idea of the present
invention can be applied to any ultrasonic probe having a
structure in which ultrasonic transducer blocks are con-
nected to each other through connection layers. Therefore,
the present invention can be applied to a one-dimensional
array probe, a 1.5-dimensional array probe, and the like as
long as they have the above structure.

[0078] In addition, various inventions can be formed by
proper combinations of a plurality of constituent elements
disclosed in the above embodiments. For example, several
constituent elements may be omitted from all the constituent
elements disclosed in the above embodiments. Furthermore,
constituent elements in the different embodiments may be
properly combined.

What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe including a plurality of ultrasonic
transducer blocks which generate ultrasonic waves on
the basis of supplied driving signals and generate echo
signals on the basis of received ultrasonic waves, and
each include a plurality of ultrasonic transducers, and
an adhesive layer which bonds said plurality of ultra-
sonic transducer blocks to each other;

a transmission/reception unit to transmit/receive ultra-
sonic waves; and

a control unit which determines a transmission/reception
condition in accordance with a position of said each
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ultrasonic transducer block, and controls the transmis-
sion/reception unit on the basis of the determined
transmission/reception condition.

2. An apparatus according to claim 1, wherein the control
unit determines at least one of a delay time and a weighting
coeflicient as the transmission/reception condition.

3. An apparatus according to claim 1, wherein the control
unit determines at least one of a delay time for said each
ultrasonic transducer in ultrasonic transmission, a delay time
for said each ultrasonic transducer in ultrasonic reception,
and a weighting coefficient for said each ultrasonic trans-
ducer which is used in addition processing of a received
ultrasonic wave in accordance with a position of said each
ultrasonic transducer block.

4. An apparatus according to claim 2, wherein the control
unit determines the delay time and the weighting coefficient
by predetermined calculation using a position of said each
ultrasonic transducer.

5. An apparatus according to claim 2, wherein the control
unit determines the delay time and the weighting coefficient
by using a table which associates a position of said each
ultrasonic transducer with each delay time and each weight-
ing coeflicient.

6. An apparatus according to claim 1, wherein the ultra-
sonic probe comprises a two-dimensional array probe
including ultrasonic transducers arranged in the form of a
matrix or a 1.5-dimensional array probe.

7. An apparatus according to claim 1, wherein said
plurality of ultrasonic transducer blocks are arranged in an
array form along a predetermined direction, and

said plurality of adhesive layers bond the ultrasonic
transducers adjacent to each other in the predetermined
direction.

8. An apparatus according to claim 1, wherein

said plurality of ultrasonic transducer blocks are arranged
in the form of an matrix along a first direction and a
second direction, and

said plurality of adhesive layers bond the ultrasonic
transducers adjacent to each other along the first direc-
tion and the ultrasonic transducers adjacent to each
other along the second direction.

9. An apparatus according to claim 1, wherein the control
unit determines the transmission/reception condition such
that a contribution of the ultrasonic transducer bonded to the
adhesive layer to a transmission ultrasonic wave and a
reception ultrasonic wave is smaller than a contribution of
the ultrasonic transducer which is not bonded to the adhesive
layer to a transmission ultrasonic wave and a reception
ultrasonic wave.

10. An ultrasonic transmission/reception condition opti-
mization method using an ultrasonic probe including a
plurality of ultrasonic transducer blocks including a plurality
of ultrasonic transducers which generate ultrasonic waves on
the basis of supplied driving signals and generate echo
signals on the basis of received ultrasonic waves, and an
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adhesive layer which bonds said plurality of ultrasonic
transducer blocks to each other, comprising:

acquiring positions of said plurality of ultrasonic trans-
ducer blocks;

determining a transmission/reception condition in accor-
dance with the position of said each ultrasonic trans-
ducer block; and

executing ultrasonic transmission on the basis of the

determined transmission/reception condition.

11. A method according to claim 10, wherein the trans-
mission/reception condition includes at least one of a delay
time and a weighting coefficient.

12. A method according to claim 10, wherein the trans-
mission/reception condition includes at least one of a delay
time for said each ultrasonic transducer in ultrasonic trans-
mission, a delay time for said each ultrasonic transducer in
ultrasonic reception, and a weighting coeflicient for said
each ultrasonic transducer which is used in addition pro-
cessing of received ultrasonic waves.

13. A method according to claim 11, wherein in deter-
mining the transmission/reception condition, the delay time
or the weighting coeflicient is determined by predetermined
calculation using a position of said each ultrasonic trans-
ducer.

14. A method according to claim 11, wherein in deter-
mining the transmission/reception condition, the delay time
or the weighting coeflicient is determined by using a table
which associates a position of said each ultrasonic trans-
ducer with each delay time and each weighting coefficient.

15. A method according to claim 10, wherein the ultra-
sonic probe comprises a two-dimensional array probe
including ultrasonic transducers arranged in the form of a
matrix or a 1.5-dimensional array probe.

16. A method according to claim 10, wherein said plu-
rality of ultrasonic transducer blocks are arranged in an array
form along a predetermined direction, and said plurality of
adhesive layers bond the ultrasonic transducers adjacent to
each other in the predetermined direction.

17. A method according to claim 10, wherein said plu-
rality of ultrasonic transducer blocks are arranged in the
form of an matrix along a first direction and a second
direction, and

said plurality of adhesive layers bond the ultrasonic
transducers adjacent to each other along the first direc-
tion and the ultrasonic transducers adjacent to each
other along the second direction.

18. A method according to claim 10, wherein the trans-
mission/reception condition is determined such that a con-
tribution of the ultrasonic transducer bonded to the adhesive
layer to a transmission ultrasonic wave and a reception
ultrasonic wave is smaller than a contribution of the ultra-
sonic transducer which is not bonded to the adhesive layer
to a transmission ultrasonic wave and a reception ultrasonic
wave.
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