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ULTRASONIC DIAGNOSTIC APPARATUS AND
ULTRASONIC TRANSMISSION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No.2005-230300 filed on Aug. 9, 2003, the entire contents of
which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and an ultrasonic transmission method, and
more particularly, to an ultrasonic diagnostic apparatus and
an ultrasonic transmission method to perform receiving
reflected ultrasound simultaneously from a plurality of
directions simultaneously.

DESCRIPTION OF THE BACKGROUND

[0003] An ultrasonic diagnostic apparatus is designed to
generate ultrasonic pulses from transducer elements dis-
posed in an ultrasonic probe. The ultrasonic pulses are
emitted into an object to be examined. The ultrasonic
diagnostic apparatus receives reflected ultrasound produced
due to differences in acoustic impedance among the tissues
of the object. The ultrasonic diagnostic apparatus displays
image data on a monitor, which is generated based on
reception signals corresponding to the reflected ultrasound.
This diagnostic method allows easy observation of real-time
two-dimensional images by simple operation of only bring-
ing the ultrasonic probe into contact with the body surface.
The diagnostic method is widely used for functional diag-
nosis or morphological diagnosis of various organs in a
living body.

[0004] An Ultrasonic diagnostic method, which obtains
living body information by using reflected ultrasound from
tissue or blood cells in the living body, have rapidly pro-
gressed along with two great technical developments of an
ultrasonic reflection method and an ultrasonic Doppler
method. And B-mode images and colored Doppler images
obtained by these techniques have become indispensable to
recent ultrasonic image diagnosis.

[0005] Nowadays, an electronic-scanning ultrasonic diag-
nostic apparatus most widely used has a plurality of trans-
ducer element arranged in one dimension and displays
two-dimensional image data in real time by controlling the
driving of the transducer elements at high speed.

[0006] In a color Doppler method for generating colored
Doppler image data, moving objects such as blood cor-
puscles in predetermined cross section of a living body is
scanned by the ultrasonic pulse and Doppler frequency shift
of the reflected ultrasound corresponding to blood flow
velocity is detected and imaged. The colored Doppler
method was applied in the past to generate image data for
intracardiac blood flow with high velocity, but has become
applicable to generate image data for blood flow with low
velocity such as blood flow in abdominal organs.

[0007] By the way, high measurement accuracy (low flow
velocity detection capability and high flow velocity detec-
tion capability), temporal resolution, and spatial resolution
are required for obtaining high diagnostic accuracy in the
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colored Doppler method. When ultrasonic pulses are emitted
to moving objects and moving velocity of the objects is
detected from the Doppler frequency shift of the reflected
ultrasound, conventionally, the transmission and reception
of the ultrasonic pulses with respect to the objects is repeat-
edly performed a plural number of times (L times) with a
predetermined transmission interval Tr and the moving
velocity is measured on the basis of a series of reflected
ultrasound obtained in the observation time Tobs (Tobs=
Tr-L).

[0008] In this case, the detection capability of low flow
velocity (low flow velocity detection capability: lower limit
of measurable flow velocity) Vmin is determined by a
characteristic of a filter (for example, MTI filter) used to
detect Doppler components from a series of reflected ultra-
sound obtained through the [-times ultrasonic transmission
and reception, that is, a cut-off frequency and a shoulder
characteristic of the filter. At this time, Vmin is expressed by
Expression 1 when it is assumed that repetition frequency of
the transmission (rate frequency) is fr (fr=1/Tr).

. Jr M
Vmino Tobs = L
[0009] On the other hand, the upper limit of measurable

flow velocity (high flow velocity detection capability) Vmax
is determined by nyquist frequency defined as a half of
repetition frequency of the ultrasonic transmission (rate
frequency) fr and is expressed by Expression 2.

_Cop @
Vmax = m
[0010] Here, C denotes sound velocity in an object, fo

denotes central frequency of reception ultrasound, and £
denotes an angle formed by a transmission direction of
ultrasounds and a blood flow direction. When the Doppler
frequency shift is greater than nyquist frequency, accurate
measurement of blood flow velocity is not possible because
of the aliasing occurred in a frequency spectrum of a
Doppler signal.

[0011] That is, in order to improve the low flow velocity
detection capability Vmin which is a first requirement of the
colored Doppler method, it is necessary to set the rate
frequency fr low or to increase the number of transmission
performed in a predetermined direction. In order to improve
the high flow velocity detection capability Vmax, it is
necessary to set the rate frequency fr high. However, when
the rate frequency fr is set high, a next ultrasound is emitted
before reflected ultrasound from a deep portion is not
received. Accordingly, there occurs a problem of a residual
echo that reflected ultrasound corresponding to a preceded
rate period are mixed and received.

[0012] The real time property which is a second require-
ment is determined by the number of images displayed per
unit time (frame frequency) Fn. And the frame frequency Fn
1s expressed by Expression 3. Here, N is the total number of
transmission/reception directions necessary for generating a
colored Doppler image data. In order to improve the real
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time property, it is necessary to set the number of transmis-
sion/reception times L or the total number of transmission/
reception directions N small.

fr 1 Vmin 3)
Fn= = o
L-N  Tobs-N N
[0013] Moreover, in order to improve the spatial resolu-

tion which is a third requirement, it is necessary to increase
the number of transmission/reception directions N. That is,
the frame frequency Fn, the low flow velocity detection
capability Vmin, the high flow velocity detection capability
Vmax, and the spatial resolution have trade-off relations
each other, and thus it is difficult to satisfy these require-
ments simultaneously. Therefore, the frame frequency Fn
and the high flow velocity detection capability Vmax are
important for the blood flow measurement in a circulatory
organ, and the frame frequency Fn and the low flow velocity
detection capability Vmin are important for the blood flow
measurement in an abdomen or a peripheral organ.

[0014] In order to solve such a problem described above,
a so-called simultaneous and parallel reception method for
increasing the number of receiving signal per unit time by
transmission ultrasound to a predetermined direction and
simultaneously receiving reflected ultrasound in a plurality
of directions adjacent to the predetermined direction is
performed.

[0015] However, when the central axis of a transmitted
ultrasonic beam and the central axis of a received ultrasonic
beam are different in simultaneous and parallel reception
method, the transmission/reception sensitivity is deterio-
rated. Moreover, when the number of reception directions
for the simultaneous and parallel reception is three or more,
it 1s difficult to obtain uniform transmission/reception sen-
sitivity in a lateral direction (a direction perpendicular to the
transmission/reception direction of the ultrasounds).

[0016] In order to solve such a problem, a method of
reducing the number of transducer elements used for ultra-
sonic transmission or a method of enlarging the beam width
of transmitting ultrasound by weighting the amplitudes of
the driving signals supplied to the transducer elements in a
array direction thereof is disclosed in, for example, Japanese
Patent Publication (Kokai) No.3-155843.

[0017] On the other hand, a method of simultaneously
performing transmission and reception of ultrasound in a
plurality of directions is disclosed in U.S. Pat. No. 5,856,
955. In this method, when the transmission ultrasound are
transmission in a predetermined direction by driving a
plurality of transducer elements with driving signals having
predetermined delay time, the transmission of ultrasound in
a plurality of directions is simultaneously performed by
combining the driving signals having the delay time corre-
sponding to a plurality of transmission directions and sup-
plying the combined driving signal to the transducer ele-
ments.

[0018] In U.S. Pat. No. 5,856,955, the non-uniformity in
transmission/reception sensitivity is improved by enlarging
the beam width of the acoustic transmission field in com-
parison with the conventional case. However, as the focused
transmitting ultrasound is used, it is difficult to enlarge the
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beam width so as to correspond to an acoustic reception
field. Accordingly, distortion of the transmission and recep-
tion fields (hereinafter mentioned as the “beam distortion™)
or non-uniformity in transmission/reception sensitivity still
remains.

[0019] FIG. 14 shows the beam distortion which is a first
problem of the conventional method or the method disclosed
in U.S. Pat. No. 5,856,955, and FIG. 15 shows the non-
uniformity in transmission/reception sensitivity which is a
second problem of the above-mentioned method.

[0020] FIG. 14A shows the simultaneous and parallel
reception on the basis of an transmission field (solid line)
and a plurality of acoustic reception fields (dotted lines)
formed to overlap the acoustic transmission field when the
transmission of ultrasounds is performed in a predetermined
direction (central axis direction of the acoustic transmission
field) by using a ultrasonic probe for convex-scanning in
which the transducer elements are one-dimensionally
arranged on a convex surface. In the figure, only the acoustic
reception fields Br-1 and Br-3 corresponding to the sides of
the acoustic transmission field Bt and the acoustic reception
field Br-2 corresponding to the center of the acoustic trans-
mission field Bt are shown for the purpose of simple
description.

[0021] In the conventional simultaneous and parallel
reception method, the transmission ultrasounds are focused
at a predetermined position (depth) of the object, similarly
to a non-simultaneous and parallel reception method, and
ultrasonic energy is concentrated on the position. On the
other hand, the reception ultrasound can form acoustic
reception field continuously focused by applying a so-called
dynamic focus method of sequentially moving focal point in
the depth direction correspond to the reception time.

[0022] In this case, the transmission/reception sensitivity
of ultrasound is determined by the product of an acoustic
transmission field and an acoustic reception field (that is, an
acoustic transmission/reception field). In the acoustic trans-
mission/reception field formed by the acoustic transmission
field Bt shown in FIG. 14A and the acoustic reception field
(for example, the acoustic reception field Br-1) located at the
side of the acoustic transmission field Bt, the acoustic
transmission field in the focal area greatly affects the acous-
tic transmission/reception field. As a result, a beam distor-
tion occurs in the central direction of the acoustic transmis-
sion/reception field as shown in FIG. 14B, and thus image
distortion occurs in ultrasonic image data generated by the
acoustic transmission/reception field Bo-1 or the acoustic
transmission/reception field Bo-3 (not shown) having the
beam distortion.

[0023] FIG. 15A schematically shows an acoustic trans-
mission field pattern, an acoustic reception field pattern and
an acoustic transmission/reception field pattern in the lateral
direction of the simultaneous and parallel reception, where
sound pressure at the side portion of the acoustic transmis-
sion field is smaller than that of the center. Accordingly,
when the number of simultaneous reception directions is set
to 3 or more, the amplitude of the acoustic transmission/
reception field pattern (that is, transmission/reception sen-
sitivity) is non-uniform in the lateral direction and dark and
bright stripes are generated in the ultrasonic image data
generated by the non-uniform transmission/reception field
and deteriorates the image quality. The remarkable decrease
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in transmission/reception sensitivity at the side portion of
the acoustic transmission field makes it difficult to estimate
flow velocity, variance, etc in the colored Doppler image
data, as well as image quality deterioration in the B mode
image data.

[0024] When the acoustic transmission pattern is enlarged
in the lateral direction as shown in FI1G. 14B for the purpose
of improvement in the non-uniform transmission/reception
sensitivity, ultrasonic transmission energy is uselessly irra-
diated to areas not associated with generation of image data,
thereby transmission/reception sensitivity is deteriorated
and generation of a virtual images (artifacts) due to side
lobes and multiple reflections increase.

[0025] That is, the beam distortion, the non-uniformity in
transmission/reception sensitivity, and the decrease in trans-
mission/reception sensitivity deteriorate the image quality of
the ultrasonic image data and deteriorate diagnostic accu-
racy thereof.

[0026] On the other hand, when the acoustic transmission
field for simultaneous and parallel reception is formed using
the method disclosed in U.S. Pat. No. 5,856,955, it is
necessary to combine a plurality of driving signals having
delay times corresponding to a plurality of transmission
directions, thereby causing a problem that the circuit con-
figuration of a transmission unit is much complicated.

SUMMARY OF THE INVENTION

[0027] Ttisan object of the present invention to provide an
ultrasonic diagnostic apparatus and an ultrasonic transmis-
sion method which decreases beam distortion of acoustic
transmission/reception field and non-uniformity of transmis-
sion/reception sensitivity in simultaneous and parallel recep-
tion, using a simple circuit configuration.

[0028] To achieve the object, a first aspect of the present
invention may provide an ultrasonic diagnostic apparatus
including a transmission condition generation unit config-
ured to generate a transmission condition to form an acoustic
transmission field for simultaneous and parallel reception by
combining the reference conditions, a transmission unit
configured to transmit ultrasound to the object by driving the
transducer elements based on the transmission condition and
a reception unit configured to receive reflected ultrasound
from a plurality of directions in the object simultaneously
and in parallel in response to the transmission of the ultra-
sound.

[0029] a second aspect of the present invention may
provide an ultrasonic transmission method including gener-
ating a transmission condition for simultaneous and parallel
reception by combining reference conditions including at
least one of delay time and driving amplitude for transmit-
ting ultrasound to a plurality of directions, generating driv-
ing signals based on the transmission condition and forming
an acoustic transmission field for simultaneous and parallel
reception by driving a plurality of transducer elements with
the driving signals.

[0030] In accordance with the aspect of the present inven-
tion, beam distortion of acoustic transmission/reception field
or non-uniformity of transmission/reception sensitivity can
be decreased with a simple circuit configuration. Accord-
ingly, it is possible to generate ultrasonic image data show-
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ing a good real-time property and image quality so that
diagnostic accuracy can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Other object and features of the invention will
become apparent to those skilled in the art as the disclosure
is made in the following description of a preferred embodi-
ment of the invention as illustrated in the accompanying
sheet of drawings.

[0032] FIG. 1 is a block diagram showing an overall
configuration of an ultrasonic diagnostic apparatus accord-
ing to a first embodiment of the present invention.

[0033] FIG. 2 is a block diagram showing a configuration
of a transmission/reception unit in the first embodiment
shown in FIG. 1.

[0034] FIG. 3 is a schematic diagram showing a method of
selecting a transmission transducer element group and a
reception transducer element group in the simultaneous and
parallel reception in the first embodiment shown in FIG. 1.

[0035] FIG. 4 is a schematic diagram showing a reference
delay condition for transmission corresponding to the trans-
ducer elements in the first embodiment shown in FIG. 1.

[0036] FIG. 5 is a diagram showing the reference ampli-
tude condition for transmission corresponding to the trans-
ducer elements and an acoustic transmission field generated
by driving pulses based on the reference amplitude condition
in the first embodiment shown in FIG. 1.

[0037] FIG. 6 is a diagram showing a method of generat-
ing transmission delay/amplitude conditions in the first
embodiment shown in FIG. 1.

[0038] FIG. 7 is a diagram showing the acoustic transmis-
sion field in the first embodiment shown in FIG. 1.

[0039] FIG. 8is a block diagram showing a configuration
of a data generation unit in the first embodiment shown in
FIG. 1.

[0040] FIG. 9 is a flowchart illustrating a procedure in
which image data are generated in the first embodiment
shown in FIG. 1.

[0041] FIG. 10 is a block diagram showing an overall
configuration of an ultrasonic diagnostic apparatus accord-
ing to a second embodiment of the present invention.

[0042] FIG. 11 is a block diagram showing a configuration
of a transmission/reception unit in the second embodiment
shown in FIG. 10.

[0043] FIG. 12 is a schematic diagram showing a function
of a transmission condition generation unit in the second
embodiment shown in FIG. 10.

[0044] FIG. 13 is a flowchart illustrating a procedure in
which image data are generated in the second embodiment
shown in FIG. 10.

[0045] FIG. 14 is a diagram showing beam distortion of
acoustic transmission/reception fields in the conventional
simultaneous and parallel reception.

[0046] FIG. 15 is a diagram illustrating non-uniformity of
transmission/reception sensitivity in the conventional simul-
taneous and parallel reception.
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DETAILED DESCRIPTION OF THE
INVENTION

[0047] In a first embodiment of the present invention
described below, when simultaneous and parallel reception
is performed using a convex scanning ultrasonic probe in
which transducer elements are one-dimensionally arranged
on a convex surface, an acoustic transmission field having
uniform and suitable beam width in a lateral direction is
formed by controlling delay time and driving amplitude of
driving pulses (driving signals) supplied to a transmission
transducer element group including a plurality of adjacent
transducer elements.

[0048] In this case, the transmission conditions (transmis-
sion delay condition and transmission amplitude condition)
for determining the delay time and the driving amplitude of
driving pulses supplied to the transducer elements of the
transmission transducer element group is set on the basis of
the reference conditions (reference delay condition and
reference amplitude condition) in a non-simultaneous and
parallel reception using the transmission transducer element
group.

[0049] The configuration and basic operations of the ultra-
sonic diagnostic apparatus according to the first embodiment
of the present invention will be described below with FIG.
1 to FIG. 8. FIG. 1 is a block diagram showing the overall
configuration of the ultrasonic diagnostic apparatus accord-
ing to this embodiment. FIG. 2 and FIG. 8 are block
diagrams showing a transmission/reception unit and a data
generation unit constituting the ultrasonic diagnostic appa-
ratus.

[0050] The ultrasonic diagnostic apparatus 100 shown in
FIG. 1 includes a convex-scanning ultrasonic probe 3 which
has a plurality of (M1) transducer elements arranged in one
dimension on a convex surface and transmits vltrasound to
and receives ultrasound from an object to be examined, a
transmission/reception unit 2 which supplies driving pulses
(driving signals) to M2 adjacent transducer elements (trans-
mission transducer element group) selected among M1
transducer elements and which performs a phase-matching
addition of reception signals obtained by simultaneous and
parallel reception in M directions or non-simultaneous and
parallel reception with M3 adjacent transducer elements
(reception transducer element group) selected among the M1
transducer elements, a data generation unit 4 which pro-
cesses the reception signals obtained from the transmission/
reception unit 2 and generates B mode data and colored
Doppler data, an image data generation unit 5 which stores
the data generated from the data generation unit 4 and
generates two-dimensional B mode image data and colored
Doppler image data, and a display unit 6 which displays the
obtained image data.

[0051] The ultrasonic diagnostic apparatus 100 further
includes a reference signal generator 1 supplying a continu-
ous wave or a rectangular wave having a frequency sub-
stantially equal to the central frequency of the transmission
ultrasound to the transmission/reception unit 2 and the data
generation unit 4, an input unit 7 which is used by an
operator to, for example, input patient information, initial
setting information of the apparatus, and a variety of com-
mand signals. And a system control unit 8 which system-
atically controls the respective units of the ultrasonic diag-
nostic apparatus 100 described above.
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[0052] The ultrasonic probe 3 serves to perform transmis-
sion and reception of ultrasounds by bringing its front
surface into contact with the surface of the object, and the
M1 transducer elements are one-dimensionally arranged in
a convex shape on the contact surface with the object. The
transducer elements are electro-acoustic conversion ele-
ments and have a function of converting an electrical pulse
(driving pulse) into an ultrasound pulse (transmission ultra-
sound) at the time of transmission and converting a reflected
ultrasound (reception ultrasound) into an electrical signal
(reception signal) at the time of reception.

[0053] The transmission/reception unit 2 shown in FIG. 2
includes a transmission unit 21 which generates driving
pulses with predetermined delay time and driving amplitude
to the M2 adjacent transducer elements selected among the
M1 transducer elements in order to form an acoustic trans-
mission field in the simultaneous and parallel reception or
the non-simultaneous and parallel reception, a reception unit
23 which performs phase-matching adding (matching
phases of the reception signals corresponding to the reflected
ultrasound from a predetermined direction and adding the
reception signals) of the reception signals obtained from the
M3 adjacent transducer elements selected among the M1
transducer elements in order to form an acoustic reception
field in the simultaneous and parallel reception or the
non-simultaneous and parallel reception, an element selec-
tion unit 22 which selects transmission transducer elements
and reception transducer elements among the M1 transducer
elements and connects the selected transducer elements to
the transmission unit 21 and the reception unit 23, and an
element selection control unit 24 which controls the element
selection unit 22.

[0054] Moreover, the transmission/reception unit 2 further
includes a reference condition generation unit 25 which
generates reference delay condition and reference amplitude
condition for transmission and reference delay condition and
reference amplitude condition for reception as reference
conditions in the non-simultaneous and parallel reception,
and a transmission condition generation unit 26 which
generates a transmission delay condition and a transmission
amplitude condition for the simultaneous and parallel recep-
tion as transmission conditions on the basis of the reference
delay condition and the reference amplitude condition gen-
erated from the reference condition generation unit 25.

[0055] The transmission unit 21 includes a rate pulse
generator 211, a transmission delay circuit 212, a driving
circuit 213, a transmission delay setting unit 214, and a
transmission amplitude setting unit 215.

[0056] The rate pulse generator 211 generates a rate pulse
for determining a repetition period of transmission ultra-
sound by dividing the frequency of continuous waves sup-
plied from the reference signal generator 1. The transmission
delay circuit 212 having M2. channels gives transmission
delay time for focusing the transmission ultrasound at a
predetermined distance to the rate pulse on the basis of a
delay control signal supplied from the transmission delay
setting unit 214. The driving circuit 213 having M2 channels
generates driving pulses synchronized with the rate pulse
with predetermined delay time given by the transmission
delay circuit 212 on the basis of an amplitude control signal
supplied from the transmission amplitude setting unit 215.

[0057] On the other hand, the transmission delay setting
unit 214 sets the transmission delay time of the transmission
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delay circuit 212 on the basis of the transmission delay
condition generated by the transmission condition genera-
tion unit 26 of the transmission/reception unit 2. Similarly,
the transmission amplitude setting unit 215 sets the driving
amplitude of the driving circuit 213 on the basis of the
transmission amplitude condition generated by the transmis-
sion condition generation unit 26.

[0058] The reception unit 23 includes a pre-amplifier 231
and an A/D converter 232 having M3 channels, a channel
selection unit 233 and M-channel beam formers 234-1 to
234-M. The pre-amplifier 231 amplifies M3-channel recep-
tion signals supplied from the element selection unit 22 to
get sufficient S/N. And a limiter circuit (not shown) for
protecting the pre-amplifier 231 from high-voltage driving
pulses generated from the driving circuit 213 of the trans-
mission unit 21 is disposed at input portion of the pre-
amplifier 231.

[0059] In order to perform the simultaneous and parallel
reception in M directions, the channel selection unit 233
selects M4 adjacent channels among the M3 channels
(M4<M3) in M positions, and supplies M reception signal
groups corresponding to the M portion, each of which
having M4 channel reception signals, to the beam former
234-1 to 234-M.

[0060] On the other hand, beam formers 234-1 to 234-M
having delay circuits and an adder (not shown) set prede-
termined delay time and signal amplitude for focusing the
reception ultrasound from predetermined depth to the
M4d-channel reception signals selected by the channel selec-
tion unit 233, and add the M4-channel reception signals.

[0061] Inthiscase, the delay time and the signal amplitude
are set on the basis of a delay control signal and an amplitude
control signal supplied from a reception delay/amplitude
setting unit 235 of the reception unit 23. However, the beam
former 234-1 to 234-M are set delay time for so-called
dynamic focusing, in which a focal area is sequentially
shifted to deeper portion with reception time, thereby an
acoustic reception field having a substantially uniform beam
width without being dependent on the depth is formed.

[0062] The reception delay/amplitude setting unit 235 sets
the delay time and the signal amplitude of the beam formers
234-1 to 234-M on the basis of the reference delay condition
and the reference amplitude condition for reception which
are generated by the reference condition generation unit 25
of the transmission/reception unit 2.

[0063] The element selection unit 22 of the transmission/
reception unit 2 selects M2 adjacent transducer elements as
a transmission transducer element group, and selects M3
adjacent transducer elements as a reception transducer ele-
ment group among the M1 transducer elements disposed in
the ultrasonic probe 3 on the basis of an element selection
control signal supplied from the element selection control
unit 24.

[0064] In this case, the selection of the transducer ele-
ments is performed so that the central position of the
transmission transducer element group and the central posi-
tion of the reception transducer element group are substan-
tially in agreement.

[0065] On the other hand, the element selection control
unit 24 supplies an element selection control signal to the
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element selection unit 22 for sequentially selecting the
transmission transducer element group including the M2
transducer elements and the reception transducer element
group including the M3 transducer elements at a rate period
on the basis of a scanning control signal supplied from the
system control unit 8.

[0066] The selection of the transmission transducer ele-
ment group and the reception transducer element group in
the element selection unit 22 and the selection of the
M-channel reception signal groups in the channel selection
unit 233 are described in FIG. 3.

[0067] FIG. 3 is a schematic diagram showing a method of
selecting the transmission transducer element group and the
reception transducer element group for the simultaneous and
parallel reception in adjacent M directions. For the purpose
of simple description, the number of transducer elements
M2 of the transmission transducer element group and the
number of transducer elements M3 of the reception trans-
ducer element group are 8, the number of phase-matching
addition channels M4 is 5, and the number of simultaneous
and parallel receptions M is 4, but the invention is not
limited to the numerals.

[0068] That is, when the simultaneous and parallel recep-
tion is performed in adjacent 4 directions (M=4) by using the
convex-scanning ultrasonic probe 3 shown in FIG. 3, the
element selection unit 22 selects the transducer elements
32-X to 32-(X+7) as the transmission transducer element
group and the reception transducer element group among the
transducer elements 32-1 to 32-M1 arranged on convex
surface of the ultrasonic probe 3.

[0069] On the other hand, the channel selection unit 233
bundles 8-channel (M3=8) reception signals obtained from
the transducer elements 32-X to 32-(X+7) into 4 (M=4)
reception signal groups including 5-channel reception sig-
nals obtained from the transducer elements 32-X to 32-(X+
4), the transducer elements 32-(X+1) to 32-(X+5), the
transducer elements 32-(X+2) to 32-(X+6), and the trans-
ducer elements 32-(X+3) to 32-(X+7). The 5-channel recep-
tion signals of the respective reception signal groups are
supplied to the beam former 234-1 to 234-M.

[0070] That is, the reception signals from the transducer
elements 32-X to 32-(X+4) are supplied to the beam former
234-1, and the reception signals from the transducer ele-
ments 32-(X+1) to 32-(X+5), the reception signals from the
transducer elements 32-(X+2) to 32-(X+6), and the recep-
tion signals from the transducer elements 32-(X+3) to
32-(X+7) are supplied to the beam former 234-2 to 234-4,
respectively. The respective beam formers 234-1 to 234-M
set the delay time and the signal amplitude for the dynamic
focusing to the Md-channel reception signals selected by the
channel selection unit 233 and add the M4-channel reception
signals on the basis of the delay control signal and the
amplitude control signal supplied from the reception delay/
amplitude setting unit 235. Then, 4 (M=4) acoustic reception
fields are formed by the phase-matching addition process.

[0071] By the transmission and reception described above,
4 acoustic reception fields are formed so as to overlap the
acoustic transmission fields formed by the transducer ele-
ment group including the transducer elements 32-X to
32-(X+7) . Accordingly, the simultaneous and parallel recep-
tion in 4 directions is performed.
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[0072] Here, the transmission direction and the reception
direction of ultrasound are set substantially perpendicular to
the array surface of the transducer elements, but the trans-
mission direction and the reception direction may be set to
any direction by allowing the transmission delay circuit 212
or the beam former 234 to set deflection delay time. How-
ever, in any case, the acoustic reception field is formed to
overlap the acoustic transmission field in the simultaneous
and parallel reception according to the first embodiment.

[0073] Referring back to FIG. 1, the reference condition
generation unit 25 of the transmission/reception unit 2
generates the reference delay condition and the reference
amplitude condition for transmission and the reference delay
condition and the reference amplitude condition for recep-
tion in the non-simultaneous and parallel reception in which
image data are generated based on the acoustic transmission
field and the acoustic reception field, the central axis of
which is substantially coincident with the central axis of the
acoustic transmission field.

[0074] FIG. 4 is a schematic diagram showing a reference
delay conditions To(m) for transducer elements Pm (where
m is 1 to M2 (M2=8)) when an ultrasonic beam is focused
at a distance F using the M2 transducer elements as the
transmission transducer element group and the reception
transducer element group, where the transducer elements P1
to PM2 correspond to the transducer elements 32-X to
32-(X+7) shown in FIG. 3. Here, when the dynamic focus-
ing is performed for the reception, the reference condition
generation unit 25 generates the reference delay condition
for focusing the ultrasound at a plurality of distances.

[0075] On the other hand, FIG. 5 shows a reference
amplitude conditions Ao(m) (FIG. 5A) for transmission
corresponding to the transducer elements Pm (where m is 1
to M2) when the acoustic transmission field is formed using
M2 (M2=8) transducer elements and an acoustic transmis-
sion field Ct0 (FIG. 5B) generated by using driving pulses
with driving amplitude based on the reference amplitude
conditions Ao(m) . In this case, the reference condition
generation unit 25 generates the reference amplitude condi-
tion Ao(m) for driving the m-th transducer element Pm, for
example, on the basis of an Sinc function shown in FIG. 5A.

[0076] When the transducer elements Pm are driven by the
driving pulses based on the reference amplitude condition
Ao(m) for transmission expressed by the Sinc function and
the reference delay conditions to(m), the rectangular acous-
tic transmission field Ct0 shown in FIG. 5B is formed in the
focal area. Note that, the reference amplitude condition
describe above is generally generated based on uniform
distribution function or Hamming function.

[0077] Next, the function of the transmission condition
generation unit 26 which is the most important function in
the first embodiment will be schematically described with
reference to FIGS. 6 and 7. In the following description, the
transmission delay condition A(m) and the transmission
amplitude condition A(m) for forming an acoustic transmis-
sion field having a beam width and uniform intensity suit-
able for the simultaneous and parallel reception are formed
by using two transmission reference delay conditions To(m-
AM) and to (m+AM) and two transmission reference ampli-
tude conditions Ao(m-AM) and Ao(m+AM) which are
shifted in the array direction of the transducer elements by
-AM and +AM (for example, AM=1).

Feb. 15,2007

[0078] The acoustic transmission field formed by the
driving pulses based on the reference delay condition for
transmission to(m) shown in FIG. 4 and the reference
amplitude condition for transmission Ao(m) shown in FIG.
5 cannot generally have a wide beam width required for the
simultaneous and parallel reception. Accordingly, as shown
in FIG. 6, third driving pulse group PL3 are generated by
combining a first driving pulse group PL1 obtained by
shifting a reference driving pulse group PL0 based on the
reference delay condition for transmission To(m) and the
reference amplitude condition for transmission Ao(m) in the
array direction of the transducer elements by -AM and a
second driving pulse group PL2 obtained by shifting the
reference driving pulse group PLO by +AM. By driving the
transducer elements Pm (where m is 1 to M2) with the third
driving pulse group PL3, an acoustic transmission field Ct3
having uniform intensity and a suitable beam width shown
in FIG. 7, is formed. The acoustic transmission field Ct3 is
obtained by shifting the acoustic transmission field Ct0
resulting from the reference driving pulse group PL0 shown
in FIG. 5B by +AM and combining them.

[0079] That is, the acoustic transmission field Ct3 is
formed so that an end of the acoustic transmission field Ctl
resulting from the first driving pulse group PL1 and an end
of the acoustic transmission field Ct2 resulting from the
second driving pulse group PL2 overlap each other in the
focal area. At this time, the desired acoustic transmission
field Ct3 having a beam width BW3 which is about double
the beam width BW1 of the acoustic transmission field Ctl
or the beam width BW2 of the acoustic transmission field
Bt2 and being uniform in which the end is rapidly attenuated
is formed by setting the distance 2AM between the centers
of the first driving pulse group PL1 and the second driving
pulse group PL2 to proper value.

[0080] The formation of the acoustic transmission field
Ct3 by combining the first driving pulse group PL1 and the
second driving pulse group PL2 can be realized by the
technique described in U.S. Pat. No. 5,856,955, but as
described above, this method has a problem that the circuit
configuration of the transmission unit 21 is much compli-
cated.

[0081] In the first embodiment, an acoustic transmission
field substantially equivalent to the acoustic transmission
field Ct3 obtained by combining two -driving pulse groups
PL1 and PL2 are generated by controlling the delay time and
the driving amplitude of a single driving pulse group. Next,
a method of generating the transmission delay condition
T(m) and the transmission amplitude condition A(m) gener-
ated by the transmission condition generation unit 26 on the
basis of the reference delay condition to(m) and the refer-
ence amplitude condition Ao(m) for transmission generated
by the reference condition generation unit 25 will be
described.

[0082] In this case, Ho(m) assumed to be the reference
driving pulse of a transducer element Pm based on the
reference delay condition To(m) and the reference amplitude
condition Ao(m), the driving pulse H(m) based on the
transmission delay condition t(m) and the transmission
amplitude condition A(m) generated by the transmission
condition generation unit 26 can be expressed by Expression
4. Here, W(t) and Wo(t) denote envelope functions of the
driving pulse H(m) and the reference driving pulse Ho(m).
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H(m) = )
AmWir — t(m)lexpljw(t - t(m)} = Ho(m — AM) + Ho(m + AM) =
Aolm — AM)Wolr — to(m — AM )Yexp[ jelt — To(m — AM)Y] +

Ao(m + AM)Wolr - To(m + AM )}exp[jwir = To(m + AM)}]

[0083] Here, generally, AM<<M2 is satisfied, and when
the period of envelope function is much longer than the
period of the driving pulse (that is, the reciprocal of an
ultrasonic central frequency), Expression 5 is satisfied
approximately.

Ao(m — AM) ~ Ao(m + AM) = Ao(m) (5)

Wolt — ro(m — AM )} ~ Wo{t — ro(m + AM)} = Wolr — to(m)}

[0084] Accordingly, the transmission delay condition T(m)
and the transmission amplitude condition A(m) of the driv-
ing pulse H(m) can be expressed by Expression 6 applying
the reference delay condition To(m) and the reference ampli-
tude condition Ao(m) of the reference driving pulse Ho(m).

H(m) = Ao(m)Wolt — to(m)}[ ©)
expljolt — to(m — AM))} +expljw(t — to(m + AM))}] =
AmWiz - r(m)lexpjwlr — T(m)}]
A(m) = 2A0(m)[cos{(wTolm - AM) — wro(m + AM)){2}]
Wit —1(m)} = Wolt — o(m)}

To(m—AM) + Tolm + AM )
2

T(m) =

[0085] As described above, the acoustic transmission field
substantially equivalent to the acoustic transmission fleld
(see FIG. 7) obtained by combining the first driving pulse
group PL1 and the second driving pulse group PL2 (see FIG.
6) can be obtained by driving the transducer elements P1 to
PM2 using the driving pulse H(m) based on the transmission
delay condition T(m) and the transmission amplitude con-
dition A(m) obtained from Expression 6.

[0086] That is, the transmission condition generation unit
26 generates the transmission delay condition t(m) and the
transmission amplitude condition A(m) on the basis of the
calculation using the reference delay condition to(m) and
the reference amplitude condition Ao(m) for transmission
supplied from the reference condition generation unit 25,
and supplies these conditions to the transmission delay
setting unit 214 and the transmission amplitude setting unit
215 of the transmission unit 21. The transmission delay
setting unit 214 and the transmission amplitude setting unit
215 set the delay time of the transmission delay circuit 212
and the driving amplitude of the driving circuit 213 on the
basis of the transmission delay condition ©(m) and the
transmission amplitude condition A(m) as described above.

[0087] The data generation unit 4 shown in FIG. 1
includes a B mode data generation unit 41 for generating B
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mode data by processing M-channel reception signals output
from the beam formers 234-1 to 234-M of the reception unit
23 and a colored Doppler data generation unit 42 for
generating colored Doppler data by processing the reception
signals.

[0088] The B mode data generation unit 41 of the data
generation unit 4 shown in FIG. 8 includes an envelope
detector 411 and a logarithmic converter 412. The envelope
detector 411 detects an envelope of the M-channel reception
signals output from the beam former 234-1 to 234-M in the
reception unit 23 of the transmission/reception unit 2. The
logarithmic converter 412 relatively emphasizes small sig-
nal amplitude by logarithmic conversion process for the
reception signal after envelope detection h and generates the
B mode data corresponding to the M directions of simulta-
neous and parallel reception.

[0089] On the other hand, the colored Doppler data gen-
eration unit 42 of the data generation unit 4 includes a /2
phase shifter 421, mixers 422-1 and 422-2, and low pass
filters (LPF) 423-1 and 423-2, and generates complex sig-
nals (I signal and Q signal) by detecting an quadrature phase
from the M-channel reception signals supplied from the
reception unit 23 of the transmission/reception unit 2.

[0090] The colored Doppler data generation unit 42
includes a Doppler signal memory 424, an MTI filter 425,
and an autocorrelation calculation unit 426. The complex
signals obtained by the detection of the quadrature phase are
stored in the Doppler signal memory 424. Subsequently, the
MTI filter 425 which is a digital high pass filter reads out the
complex signals stored in the Doppler signal memory 424
and removes Doppler components (clutter components)
resulting from fixed reflective objects in organ or a respira-
tory movement or a pulsatile movement of the reflective
objects in the organ from the complex signals. The autocor-
relation calculation unit 426 calculates an autocorrelation
value of the complex signals extracted by the MTI filter 425
and calculates an average flow velocity, variance, and power
of the blood flow on the basis of the autocorrelation value,
thereby generating colored Doppler data corresponding to
the M directions of simultaneous and parallel reception.

[0091] Referring to FIG. 1 again, the image data genera-
tion unit 5 sequentially stores the B mode data and the
colored Doppler data generated in the unit of M rasters by
the data generation unit 4 and generates two-dimensional B
mode image data and two-dimensional colored Doppler
image data.

[0092] The display unit 6 includes a display data genera-
tion circuit, a conversion circuit, and a monitor, which are
not shown. The display data generation circuit generates
display data by performing a scanning conversion process
corresponding to a predetermined display format to the B
mode image data or the colored Doppler image data gener-
ated from the image data generation unit 5. The conversion
circuit performs a D/A conversion and a television format
conversion to the display data and displays the converted
display data on the monitor.

[0093] The input unit 7 includes input devices such as a
display panel or a keyboard, a track ball, a mouse, selection
buttons, and input buttons on an operation panel, which are
not shown, and is used to input patient information, set data
collection conditions and display condition, input various
command signals, etc.
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[0094] Specifically, in the first embodiment, the input unit
7 performs the setting of the number of transducer elements
M2 of the transmission transducer element group, the num-
ber of transducer elements M3 of the reception transducer
element group, the number of channels M4 of the phase-
matching addition, the number of directions M for simulta-
neous and parallel reception, the combination interval AM
of the acoustic transmission field, the selection of the
reference amplitude condition and the simultaneous and
parallel reception/non-simultaneous and parallel reception
mode. However, the numbers of transmission transducer
elements and reception transducer elements or the weighting
condition may be set on the basis of information on the
ultrasonic probe 3 (for example, probe ID) and information
on the number of directions M for simultaneous and parallel
reception.

[0095] The system control unit 8 includes a CPU and a
storage circuit, (not shown). And a variety of information is
input or set through the input unit 7 by an operator are stored
in the storage circuit. The CPU systematically controls the
transmission/reception unit 2, the data generation unit 4, the
image data generation unit 5, and the overall system on the
basis of the information.

[0096] The system control unit 8 supplies control signals
to the element selection control unit 24 and the reception
unit 23 of the transmission/reception unit 2, and performs
the control for the simultaneous and parallel reception in M
directions of the acoustic transmission field formed by the
transmission transducer elements and the control for convex
scanning to the object by sequentially shifting the transmis-
sion transducer elements and the reception transducer ele-
ments in the array direction of the transducer elements.

[0097] A procedure of generating image data in a simul-
taneous and parallel reception mode according to the first
embodiment will be described with reference to FIG. 9.
Here, for the purpose of easy description, it is assumed that
the number of transducer elements M2 of the transmission
transducer element group and the number of transducer
elements M3 of the reception transducer element group are
equal to each other, but the invention is not limited to the
assumption.

[0098] The operator of the ultrasonic diagnostic apparatus
100 sets the probe ID of the ultrasonic probe 3 and the
conditions necessary for collecting image data through the
input unit 7 shown in FIG. 1, and stores the information in
a storage circuit in the system control unit 8. The initial
setting conditions include the numbers of transducer ele-
ments M2 of the transmission transducer element group and
the reception transducer element group, the number of
channels M4 for the phase-matching addition, the number of
directions M for the simultaneous and parallel reception, and
the combination interval AM of the acoustic transmission
field, and a reference amplitude condition (S1 in FIG. 9).

[0099] When the initial setting is finished, the operator
selects the simultaneous and parallel reception mode
through the input unit 7 and then starts the transmission and
reception of ultrasound by fixing the end (ultrasonic trans-
mission and reception surface) of the ultrasonic probe 3 to
a predetermined position on the surface of the object. At this
time, the system control unit 8 supplies the information on
the number of transducer elements M2 of the transmission
transducer element group and the reception transducer ele-
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ment group stored in the storage circuit to the element
selection control unit 24, the transmission condition genera-
tion unit 26, and the reference condition generation unit 25
of the transmission/reception unit 2, supplies the informa-
tion on the number of channels M4 of the reception signal
group for the phase-matching addition, the number M for the
simultaneous and parallel reception to the channel selection
unit 23 of the reception unit 23, supplies the combination
intervalAM of the acoustic transmission field to the trans-
mission condition generation unit 26, supplies the informa-
tion on the selection of the reference amplitude condition to
the reference condition generation unit 25, and stores the
information described above in the storage circuits of the
respective units.

[0100] The reference condition generation unit 25 of the
transmission/reception unit 2 generates the reference delay
condition wo(m) and the reference amplitude condition
Ao(m) for transmission on the basis of the information on
the number of transducer elements M2 of the transmission
transducer element group and the reception transducer ele-
ment group and the information on the selection of the
reference amplitude condition supplied from the system
control unit 8, and then supplies these conditions to the
transmission condition generation unit 26 (S2 in FIG. 9).

[0101] The transmission condition generation unit 26 gen-
erates the transmission delay condition T(m) and the trans-
mission amplitude condition A(m) by substituting the ref-
erence delay condition to(m) and the reference amplitude
condition Ao(m) supplied from the reference condition
generation unit 25 and the combination intervalAM of the
acoustic transmission field stored in its own storage circuit
for, for example, Expression 6 (S3 in FIG. 9).

[0102] Next, the transmission condition generation unit 26
supplies the transmission delay condition t(m) to the trans-
mission delay setting unit 214 and supplies the transmission
amplitude condition A(m) to the transmission amplitude
setting unit 215. The transmission delay setting unit 214 and
the transmission amplitude setting unit 215 set the delay
time of the transmission delay circuit 212 and the driving
amplitude of the driving circuit 213 on the basis of the
condition information (S4 in FIG. 9).

[0103] On the other hand, the reception delay/amplitude
setting unit 235 of the reception unit 23 set the delay time
and the amplitude of the beam formers 234-1 to 234-M for
reception on the basis of the reference delay condition and
the reference amplitude condition for reception supplied
from the reference condition generation unit 25 (S5 in FIG.
9).

[0104] Next, in the ultrasonic transmission and reception
in the first direction (q=1), the element selection control umt
24 supplies a control signal to a multiplexer not shown in the
element selection unit 22 on the basis of the information on
the numbers of transducer elements M2 for transmission and
reception supplied from the system control unit 8. The
element selection unit 22 selects the transducer elements
32-1to 32-M2 to be used for the ultrasonic transmission and
reception in the first direction (S6 in FIG. 9).

[0105] On the other hand, the rate pulse generator 211
shown in FIG. 2 generates rate pulses for determining the
repetition period of the ultrasound pulses by dividing the
frequency of a reference signal supplied from the reference
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signal generator 1 and supplies the rate pulses to the trans-
mission delay circuit 212. The transmission delay circuit 212
with M channels gives the delay time set by the transmission
delay setting unit 214 to the rate pulses and supplies the rate
pulses to the driving circuit 213.

[0106] The driving circuit 213 generates the driving pulses
which has the driving amplitude set by the transmission
amplitude setting unit 215 and has the delay time synchro-
nized with the rate pulses supplied from the transmission
delay circuit 212, supplies the driving pulses to the trans-
ducer elements 32-1 to 32-M2 selected by the element
selection unit 22 and transmits the ultrasound to the object
(87 in FIG. 9).

[0107] The transmission ultrasound irradiated to the object
by driving the transducer elements 32-1 to 32-M2 is partially
reflected at the boundary surfaces between organs or tissues
having different acoustic impedance. Furthermore, the fre-
quency of ultrasound is Doppler-shifted when the ultrasound
is reflected at the moving reflectors such as cardiac wall or
blood cells.

[0108] The reflected ultrasound (reception ultrasound)
from tissues or blood cells in the object is received by the
transducer elements 32-1 to 32-M2 selected by the element
selection unit 22 and converted into electrical signals (recep-
tion signals). The reception signals are supplied to the
reception unit 23 through the element selection unit 22,
amplified into a predetermined magnitude by the pre-am-
plifier 231 and converted into digital signals by the A/D
converter 232.

[0109] The M2 channel reception signals converted into
the digital signals are supplied to the channel selection unit
233. The channel selection unit 233 selects M reception
signal groups with M4 adjacent channels among the M2
channel reception signals (M4<M2), and supplies the M
reception signal groups to the M-channel beam formers
234-1 to 234-M.

[0110] That is, the reception signals obtained from the
transducer elements 32-1 to 32-M4 are supplied to the beam
former 234-1, and reception signals obtained from the
transducer elements 32-2 to 32-(M4+1) are supplied to the
beam former 234-2. Similarly, the reception signal obtained
from the transducer elements 32-3 to 32-(M4+2) and the
transducer elements 32-4 to 32-(M4+3) are supplied to the
beam former 234-3 and the beam former 234-4, respectively.
The respective beam formers 234-1 to 234-M perform the
phase-matching addition to the M4-channel reception sig-
nals and perform the dynamic focusing.

[0111] The M-channel reception signals obtained by the
phase-matching addition in the beam formers 234-1 to
234-M are supplied to the B mode data generation unit 41 of
the data generation unit 4 shown in FIG. 8, subjected to the
envelope detection and the logarithmic conversion, and
stored in the B mode data storage area of the image data
generation unit 5 shown in FIG. 1.

[0112] On the other hand, at the time of the generation of
the colored Doppler data in the first transmission direction,
Doppler signals are detected from the reception signals
obtained by continuous ultrasonic transmission and recep-
tion in the transmission direction using the transducer ele-
ments 32-1 to 32-M2, That is, the system control unit 8
controls the element selection control unit 24 to select the
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transducer elements 32-1 to 32-M2 and to perform the
ultrasonic transmission and reception for color Doppler. The
obtained M-channel reception signals are supplied to the
colored Doppler data generation unit 42 of the data genera-
tion unit 4 shown in FIG. 8, and complex signals are
generated on the basis of the quadrature phase detection
using the mixers 422-1 and 422-2 and the LPFs 423-1 and
423-2.

[0113] Next, the real components (I components) and the
imaginary components (Q components) of the complex
signals are stored in the Doppler signal memory 424. Simi-
larly, the complex signals are collected from the reception
signals obtained by the 2-nd to L-th ultrasonic transmission
and reception using the same transducer element group and
are stored in the Doppler signal memory 424.

[0114] When the storing of the M-channel complex signals
obtained by the L-th ultrasonic transmission and reception
using the transducer elements 32-1 to 32-M2 is finished, the
system control unit 8 sequentially reads out [ complex
signal components corresponding to a predetermined posi-
tion (depth) from the M-channel complex signals stored in
the Doppler signal memory 424 and supplies the L complex
signal components to the MTT filter 425. The MTI filter 425
performs a filtering process to the complex signal compo-
nents and extracts Doppler components resulting from the
blood flow (blood flow components) by excluding the Dop-
pler components resulting from the fixed reflector (clutter
components)

[0115] The autocorrelation calculation unit 426 to which
the complex signals with the blood flow component are
supplied from the MTI filter 425 performs an autocorrelation
process using the complex signals, and calculates the aver-
age velocity, the variance and the power of the blood flow
on the basis of the autocorrelation result. The autocorrelation
calculation unit 426 performs the calculation to other posi-
tions (depths) and stores the calculated average velocity,
variance and power of the blood flow in the color Doppler
data storage area of the image data generation unit 5 shown
in FIG. 1.

[0116] That is, in the B mode data storage area and the
colored Doppler data storage area of the image data gen-
eration unit 5, the B mode data and the colored Doppler data
in the M directions of the simultaneous and parallel recep-
tion corresponding to the first transmission direction (S8 in
FIG. 9).

[0117] In the same procedure, the system control unit 8
controls the element selection control unit 24 to repeat the
ultrasonic transmission in the second direction (q=2) by
using the transducer elements 32-(M2+1) to 32-2M2, the
ultrasonic transmission in the third direction (q=3) using the
transducer elements 32-(2M2+1) to 32-3M2, . . . , the
ultrasonic transmission in the Q-th direction (q=Q). The B
mode data and the colored Doppler data obtained by the
simultaneous and parallel reception in the respective ultra-
sonic transmission directions are stored in the B mode data
storage area and the colored Doppler data storage area of the
image data generation unit 5 (S6 to S8 in FIG. 9).

[0118] Through the procedure mentioned above, the B
mode data and the colored Doppler data obtained in the M
directions for each of the first to Q-th transmission directions
are sequentially stored in the image data generation unit 5,
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and then two-dimensional or three-dimensional B mode
image data and colored Doppler image data are generated
there from. The display data generation circuit of the display
unit 6 generates display data by performing a scanning
conversion process corresponding to a predetermined dis-
play format to the B mode image data and the colored
Doppler image data generated from the image data genera-
tion unit 5. The display data are subjected to the D/A
conversion and the television format conversion in the
conversion circuit and then displayed on the monitor (S9 in
FIG. 9).

[0119] According to the first embodiment described
above, when the simultaneous and parallel reception is
performed to a diagnostic area of an object by using the
convex scanning ultrasonic probe, the beam distortion in the
acoustic transmission/reception field in the simultaneous
and parallel reception or the non-uniformity of transmission/
reception sensitivity in the respective directions of the
parallel reception can be reduced with a simple circuit
configuration.

[0120] In the first embodiment, it is possible to the acous-
tic transmission field having excellent uniformity and a rapid
attenuation characteristic at the sides thereof by using the
reference amplitude condition based on the Sinc function.
Accordingly, since the transmission ultrasound is only irra-
diated to the areca where the simultaneous and parallel
reception is performed, it is possible to use the transmission
energy effectively, reduce the side lobe or the artifact due to
multiple reflections, and generate image data excellent in
sensitivity.

[0121] That is, according to the first embodiment, since a
uniform acoustic transmission field can be formed in a wide
area, it is possible to increase the number of directions for
the simultaneous and parallel reception and thus to generate
image data with excellent temporal resolution, spatial reso-
lution, and detection capability. Since the transmission umit
forming the acoustic transmission field described above can
be embodied with a simple circuit configuration, it is pos-
sible to provide the ultrasonic diagnostic apparatus and the
ultrasound transmitting method excellent in cost perfor-
mance.

[0122] A second embodiment of the present invention will
be described bellow. In the second embodiment, when the
simultaneous and parallel reception is performed using a
sector-scanning ultrasonic probe in which the transducer
elements are linearly arranged in one dimension, an acoustic
transmission field having a uniform and suitable beam width
in the lateral direction is formed by controlling the delay
time and the driving amplitude of the driving pulses to the
transmission transducer element group including a plurality
of adjacent transducer elements.

[0123] In this case, similarly to the first embodiment, the
transmission conditions (transmission delay condition and
transmission amplitude condition) for determining the delay
time and the driving amplitude of the driving pulses to the
transducer elements of the transmission transducer element
group are set on the basis of the reference transmission
conditions (reference delay condition and reference ampli-
tude condition) in the non-simultaneous and parallel recep-
tion using the transmission transducer element group.

[0124] The ultrasonic diagnostic apparatus according to
the second embodiment of the present invention is different

Feb. 15,2007

from the ultrasonic diagnostic apparatus according to the
first embodiment, in the configurations of the ultrasonic
probe and the transmission/reception unit. The configuration
and the basic operations of the ultrasonic diagnostic appa-
ratus according to the second embodiment will be described
with reference to FIGS. 10 to 12.

[0125] FIG. 10 is a block diagram showing the overall
configuration of the ultrasonic diagnostic apparatus accord-
ing to the second embodiment and FIG. 11 is a block
diagram showing the configuration of the transmission/
reception unit constituting the ultrasonic diagnostic appara-
tus. In the ultrasonic diagnostic apparatus according to the
second embodiment shown in FIG. 10, units having the
same configurations and functions as the units of the ultra-
sonic diagnostic apparatus according to the first embodiment
are denoted by the same reference numerals and detailed
description will be omitted.

[0126] The ultrasonic diagnostic apparatus 200 according
to the second embodiment shown in FIG. 10 includes a
sector-scanning ultrasonic probe 3@ in which M0 transducer
elements are arranged linearly and which performs ultra-
sonic transmission and reception with respect to the object
and a transmission/reception unit 2a for supplying driving
pulses to the transducer elements and phase-matching add-
ing reception signals obtained from the transducer elements.
The ultrasonic diagnostic apparatus 200 further includes a
data generation unit 4, an image data generation unit 5, a
display unit 6, a reference signal generator 1, all of which
have the same configurations and functions as those of the
ultrasonic diagnostic apparatus 100 according to the first
embodiment, and an input unit 7a for initializing patient
information or the apparatus, and a system control unit 8a
comprehensively controlling the above-mentioned units of
the ultrasonic diagnostic apparatus 200.

[0127] The transmission/reception unit 2a shown in FIG.
11 includes a transmission unit 21a for supplying the driving
pulses to a plurality of (M0) transducer elements of the
sector-scanning ultrasonic probe 3a, a reception unit 23 for
phase-matching adding the reception signals obtained from
the transducer elements, a reference condition generation
unit 25q for generating a reference delay condition and a
reference amplitude condition for transmission in the non-
simultaneous and parallel reception as the reference condi-
tions, and a transmission condition generation unit 26a for
generating a transmission delay condition and a transmission
amplitude condition for the simultaneous and parallel recep-
tion as the transmission conditions on the basis of the
reference delay condition and the reference amplitude con-
dition generated by the reference condition generation unit
25a.

[0128] The transmission unit 21a includes a rate pulse
generator 211, a transmission delay circuit 2124, a driving
circuit 213a, a transmission delay setting unit 214a, and a
transmission amplitude setting unit 215a.

[0129] The rate pulse generator 211 generates rate pulses
for determining a repetition period of transmission ultra-
sound by dividing the frequency of continuous waves sup-
plied from the reference signal generator 1. The transmission
delay circuit 212¢ having MO channels gives a predeter-
mined delay time to the rate pulses on the basis of a delay
control signal supplied from the transmission delay setting
unit 214a. The driving circuit 2134 having M0 channels
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generates driving pulses having a predetermined amplitude
in synchronization with the rate pulses to which the prede-
termined delay time is given by the transmission delay
circuit 212a¢ on the basis of an amplitude control signal
supplied from the transmission amplitude setting unit 215q.

[0130] On the other hand, the transmission delay setting
unit 214a sets the delay time of the transmission delay
circuit 212a on the basis of the transmission delay condition
generated from the transmission condition generation unit
26a. Similarly, the transmission amplitude setting unit 215a
sets the driving amplitude of the driving circuit 2134 on the
basis of the transmission amplitude condition generated
from the transmission condition generation unit 26a.

[0131] The reference condition generation unit 25a of the
transmission/reception unit 2a generates the reference delay
condition Tpo(m) and the reference amplitude condition
Ao(m) in the transmission direction Op at the time of the
non-simultaneous and parallel reception when image data
are generated using an acoustic transmission field formed by
converging ultrasound at a predetermined distance in trans-
mission directions 61 to Op and an acoustic reception field
formed with the same central axis as the central axis of the
acoustic transmission field.

[0132] A method of generating the transmission delay
condition and the transmission amplitude condition in the
transmission condition generation unit 264 will be described
with reference to FIG. 12. The transmission delay condition
Tp(m) and the transmission amplitude condition Ap(m)
generated by the transmission condition generation unit 26a
when ultrasound are transmitted in the transmission direc-
tion Op of the sector scanning are described below.

[0133] As shown in FIG. 12, the transmission condition
generation unit 26a generates a first driving pulse Hpo(m,
AB8) for transmitting the ultrasound in the transmission
direction 8p-A6 and a second driving pulse Hpo(m,A8) for
transmitting the ultrasound in the transmission direction
Bp+A0 on the basis of a reference driving pulse Hpo(m,0)
having the reference delay condition tpo(m) (FIG. 12A) and
the reference amplitude condition Ao(m) for transmitting the
ultrasound in the transmission direction Op, and obtains a
driving pulse Hp(m) for the simultaneous and parallel recep-
tion by combining the first and second driving pulses.

[0134] Inthis case, the first driving pulse Hpo(m,-A0) has
the reference amplitude condition Ao(m) and a first delay
condition tpo(m)+At(-mA8) (FIG. 12B) and the second
driving pulse Hpo(m,A8) has the reference amplitude con-
dition Ao(m) and a second delay condition Tpo(m)+
At(mAB) (FIG. 12C). Here, At(-mA6) and ATt(MAB) corre-
spond to the delay conditions for deflecting the transmission
ultrasound in the directions —A6 and AB.

[0135] An acoustic transmission field having uniform
transmission intensity and proper beam width in the direc-
tion Op is formed by driving the M0 transducer elements P1
to PM0 by the driving pulses Hp(m) with the transmission
delay time tp(m) (FI1G. 12D) obtained by combining the first
driving pulse Hpo(m,-A8) and the second driving pulse
Hpo(m,A8).

[0136] It will be described below that the transmission
delay condition tp(m) and the transmission amplitude con-
dition Ap(m) for forming an acoustic transmission field
having uniform intensity and beam width suitable for the
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simultaneous and parallel reception are generated on the
basis of the reference delay condition Tpo(m) and the
reference amplitude condition Ao(m) for setting transmis-
sion directivity in the transmission direction 6p.

[0137] In this case, when it is assumed that the reference
driving pulse for a transducer element Pm based on the
reference delay condition tpo(m) and the reference ampli-
tude condition Ao(m) is Hpo(m,0), the driving pulse Hp(m)
of which the transmission conditions are generated by the
transmission condition generation unit 26 can be expressed
by Expression 7.

Hp(m) = M
Ap(m)Wplt - Tp(m)lexpljult = 7p(m)} = Hpo(-mA) + Hpo(mA) =
Ao(m)Wolz = (rpo(m) + Ar(-mAd))}
expljeli - (rpo(m) + Ar(-mAO)}] +
ao(m)Wolt — (Tpo(m) + Ar(mA8))}

exp[jwit = (Tpo(m) + At(mA))}]

[0138] Here, Wp(t) and Wo(t) denote envelope functions
for the driving pulse Hp(m) and the reference driving pulse
Hpo(m), Hpo(m,-A6) and Hpo(m,A8) denote the first driv-
ing pulse and the second driving pulse for allowing the
transmission of the ultrasound in the transmission directions
Lp-A6 and Op+AB. The delay conditions of the driving
pulses are generated by adding the delay conditions
-At(mAB) and At(mAB) to the reference delay condition
Tp(m). Here, when the envelope functions are much longer
than the period of the driving pulses (that is, a reciprocal of
a central frequency of the ultrasound), Expression 8 is
established approximately.

Wo{t-(tpo(m)+At(-mAB)) }=Wo{t-(tpo(m)+

At(mAO)) Y= Ho{1-Tpo(m)} ®
[0139] Accordingly, the transmission delay condition
Tp(m) and the transmission amplitude condition Ap(m) of
the driving pulse Hp(m) can be expressed by Expression 9
using the reference delay condition tpo(m) and the reference
amplitude condition Ao(m) of the reference driving pulse
Hpo(m,0).

Hp(m) = AomWolt - vpol|exptjort - (rpotm) + Ar-maoy + ©)
expljwlr — (tpo(m) + At(mAd)))} =
Ap(m)Wplt - Tp(m)lexpljolt — Tp(m)}]
Apm) = 2A0(m)[cos{(w(tpolm) + AT(-mAf) -
w(tpo(m) + At(mA0))/2}]
Wplt — tp(m)} ~ Wo(t — tpo(m)}

Ar(-mAf) + Ar(mA)

Tp(m) = Tpo(m) + 5

[0140] As described above, an acoustic transmission field
substantially equivalent to the acoustic transmission field
shown in FIG. 7 can be obtained by driving the transducer
elements P1 to PM0 by the driving pulse Hp(m) based on the
transmission delay condition tp(m) and the transmission



US 2007/0038091 A1

amplitude condition Ap(m) generated by Expression 9.
However, in the second embodiment, the lateral direction X
in FIG. 7 is substituted with the angle 6 and AM is
substituted with A6.

[0141] That is, the transmission condition generation unit
26a generates the transmission delay condition tp(m) and
the transmission amplitude condition Ap(m) through the
above-mentioned calculations using the reference delay con-
dition tpo(m) and the reference amplitude condition Ao(m)
for transmission supplied from the reference condition gen-
eration unit 25q, and supplies the result to the transmission
delay setting unit 214a and the transmission amplitude
setting unit 2154 of the transmission unit 21a. The trans-
mission delay setting unit 214a and the transmission ampli-
tude setting unit 215« set the delay time of the transmission
delay circuit 212a and the driving amplitude of the driving
circuit 213a on the basis of the transmission delay condition
Tp(m) and the transmission amplitude condition Ap(m).

[0142] The B mode data generation unit 41 of the data
generation unit 4 shown in FIG. 10 generates B mode data
by processing the M-channel reception signals output from
the beam former 234-1 to 234-M of the reception unit 23.
The colored Doppler data generation unit 42 generates
colored Doppler data by processing the reception signals.
The image data generation unit 5 sequentially stores the B
mode data and the colored Doppler data generated by the
data generation unit 4 and generates two-dimensional B
mode image data and two-dimensional colored Doppler
image data.

[0143] The display unit 6 performs a scanning conversion
process corresponding to a predetermined display format to
the B mode image data or the colored Doppler image data
generated in the image data generation unit 5, performs a
D/A conversion and a television format conversion, and
displays the converted data on the monitor.

[0144] On the other hand, the input unit 7a includes input
devices such as a display panel or a keyboard, a track ball,
a mouse, selection buttons, and input buttons on an opera-
tion panel, and is used to input of patient information, set
data collection conditions and display condition, input com-
mand signals, etc. Specifically, in the second embodiment,
the input unit 7a performs the setting of the number of
channels M4 for phase-matching addition, the number M for
simultaneous and parallel reception, and the deflection
angles -A6 and A6 of the transmission ultrasound, and the
selection of the reference amplitude condition and the simul-
taneous and parallel reception mode/non-simultaneous and
parallel reception mode.

[0145] The system control unit 8a systematically controls
the transmission/reception unit 2a, the data generation unit
4, the image data generation unit 5, and the overall system.
The system control unit 8a performs the control for per-
forming the simultaneous and parallel reception in the M
directions of the acoustic transmission field and the control
for performing the sector scanning to the object by supply-
ing control signals to the reception unit 23 of the transmis-
sion/reception unit 2a.

[0146] A procedure of generating image data in a simul-
taneous and parallel reception mode according to the second
embodiment will be described with reference to FIG. 13.
Here, for the purpose of easy description, it is assumed that
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the number of transducer elements of the transmission
transducer element group and the number of transducer
elements of the reception transducer element group are M0,
but the invention is not limited to the assumption. In
addition, a procedure of generating the B mode image data
is described below, but the image data such as the colored
Doppler image data can be generated through the same
procedure as the first embodiment.

[0147] The operator of the ultrasonic diagnostic apparatus
200 sets a probe ID of the ultrasonic probe 3a and the
conditions necessary for collecting image data through the
input unit 7a shown in FIG. 10, and stores these information
in a storage circuit in the system control unit 8a. The initial
setting conditions includes the number of channels M4 for
phase-matching addition, the number of directions M for
simultaneous and parallel reception, and the deflection
angles -A8 and A8 of the transmission ultrasound, and a
reference amplitude condition (S11 in FIG. 13).

[0148] When the initial setting is finished, the operator
selects the simultaneous and parallel reception mode and
then starts the transmission and reception of ultrasound by
fixing the end (ultrasonic transmission and reception sur-
face) of the ultrasonic probe 3a to a predetermined position
on the surface of the object. At this time, the system control
unit 8a supplies the information on the deflection angles A
and A8 of the transmission ultrasound and the information
on the reference amplitude condition stored in its own
storage circuit to the transmission condition generation unit
26a, and stores the information described above in the
storage circuits of the respective units.

[0149] The reference condition generation unit 254 of the
transmission/reception unit 2a generates the reference delay
condition tlo(m) and the reference amplitude condition
Ao(m) for transmission on the basis of the information on
the number of transducer elements MO0 of the transmission
transducer element group and the reception transducer ele-
ment group, the information on the selection of the reference
amplitude condition and the information on the initial trans-
mission direction 01 (p=1) supplied from the system control
unit 8a, and then supplies these condition to the transmission
condition generation unit 26a (812 in FIG. 13).

[0150] The transmission condition generation unit 26a
generates the transmission delay condition t1(m) and the
transmission amplitude condition A1(m) by substituting the
reference delay condition tlo(m) and the reference ampli-
tude condition Ao(m) supplied from the reference condition
generation unit 25aq and the deflection angles —A8 and A6 of
the transmission ultrasound stored in its own storage circuit
for, for example, Expression 9 (S13 in FIG. 13).

[0151] Next, the transmission condition generation unit
26a supplies the transmission delay condition t1(m) to the
transmission delay setting unit 214a and supplies the trans-
mission amplitude condition Al(m) to the transmission
amplitude setting unit 2154. The transmission delay setting
unit 214q and the transmission amplitude setting unit 2154
set the delay time of the transmission delay circuit 212a and
the driving amplitude of the driving circuit 213a on the basis
of the condition information (S14 in FIG. 13).

[0152] On the other hand, the reception delay/amplitude
setting unit 235 of the reception unit 23 set the delay time
and the amplitude of the beam formers 234-1 to 234-M for



US 2007/0038091 A1

reception on the basis of the reference delay condition and
the reference amplitude condition for reception supplied
from the reference condition generation unit 25a (815 in
FIG. 13).

[0153] In the ultrasonic transmission in the first transmis-
sion direction 81, the rate pulse generator 211 shown in FIG.
11 generates a rate pulse for determining the repetition
period of a driving pulse by dividing the frequency of a
reference signal supplied from the reference signal generator
1 and supplies the rate pulse to the transmission delay circuit
212¢a. The transmission delay circuit 212a with M0 channels
gives delay time set by the transmission delay setting unit
214a to the rate pulse and supplies the rate pulses to the
driving circuit 213a.

[0154] The driving circuit 213a generates a driving pulse
which has driving amplitude set by the transmission ampli-
tude setting unit 2154 and has the delay time synchronized
with the rate pulse supplied from the transmission delay
circuit 212a, supplies the driving pulse to transducer ele-
ments P1 to PMO of the ultrasonic probe 3¢, and transmits
the ultrasound to the object (816 in FIG. 13).

[0155] The ultrasound transmission to the object by driv-
ing the transducer elements P1 to PMO is partially reflected
at the boundary surfaces between organs or tissues having
different acoustic impedance. Furthermore, the frequency of
ultrasound is Doppler-shifted when the ultrasound is

reflected at the moving reflectors such as cardiac wall or
blood cells.

[0156] The reflected ultrasound (reception ultrasounds)
from tissues or blood cells in the object is received by the
transducer elements P1 to PM0 and is converted into elec-
trical signals (reception signals). The reception signals are
supplied to the reception unit 23, amplified into a predeter-
mined magnitude by the pre-amplifier 231, and converted
into digital signals by the A/D converter 232.

[0157] The MO channel reception signals converted into
the digital signals are supplied to the channel selection unit
233. The channel selection unit 233 selects M reception
signal groups with M4 adjacent channels among the M0
channel reception signals (M4<M0), and supplies the M
reception signal groups to the M-channel beam formers
234-1 to 234-M. The respective beam formers 234-1 to
234-M perform the dynamic focusing by phase-matching
addition of the M4-channel reception signals.

[0158] The M-channel reception signals obtained by the
phase-matching addition in the beam formers 234-1 to
234-M are supplied to the B mode data generation unit 41 of
the data generation unit 4 shown in FIG. 10, subjected to the
envelope detection and the logarithmic conversion and
stored in the B mode data storage area of the image data
generation unit 5 as the B mode data in the transmission
direction 61 (S17 in FIG. 13).

[0159] Next, the system control unit 8a controls the ref-
erence condition generation unit 25« and the transmission
condition generation unit 26a of the transmission/reception
unit 2a. The reference condition generation unit 254 gener-
ates the reference delay condition t20(m) and the reference
amplitude condition Ao(m) for transmitting the ultrasound
in the transmission direction 62 (p=2) adjacent to the direc-
tion 01 (S12 in FIG. 13). The transmission condition gen-
eration unit 26a generates the transmission delay condition
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T2(m) and the transmission amplitude condition A2(m) in
the transmission direction 62 on the basis of the reference
conditions (813 in FIG. 13).

[0160] The transmission delay setting unit 214a and the
transmission amplitude setting unit 215a set the delay time
of the transmission delay circuit 212¢ and the driving
amplitude of the driving circuit 213a on the basis of the
transmission conditions (S14 in FIG. 13). The driving circuit
213a generates the driving pulse with the driving amplitude
synchronized with the rate pulses to which the predeter-
mined delay time is given by the transmission delay circuit
2124 and transmits the ultrasound in the direction 02 of the
object by driving the transducer elements P1 to PM0 (S16 in
FIG. 13).

[0161] Subsequently, the reception unit 23 simultaneously
receives in parallel the reception ultrasounds corresponding
to the transmission ultrasound. The data generation unit 4
generates the B mode data with respect to the transmission
direction 62 by processing the reception signals, and stores
the B mode data in the B mode data storage area of the image
data generation unit 5 (S17 in FIG. 13).

[0162] The transmission and reception of the ultrasound
are performed in the transmission directions 8p (where p is
in the range of 3 to P) through the same procedure, the
obtained B mode data are stored in the B mode data storage
area of the image data generation unit 5, and thus two-
dimensional or three-dimensional B mode image data are
generated. The B mode image data are performed a prede-
termined scanning conversion and displayed on the monitor
of the display unit 6 (S18 in FIG. 13).

[0163] According to the second embodiment described
above, when the simultaneous and parallel reception is
performed to a diagnostic area of an object by using the
sector-scanning ultrasonic probe, the beam distortion in the
acoustic transmission/reception field in the simultaneous
and parallel reception or the non-uniformity of transmission/
reception sensitivity in the respective directions of the
parallel reception can be reduced with a simple circuit
configuration.

[0164] In the second embodiment, it is possible to obtain
the acoustic transmission field having excellent uniformity
and a rapid attenuation characteristic at the sides thereof by
using the reference amplitude condition based on the Sinc
function. Accordingly, since the transmission ultrasounds is
only irradiated to the area where the simultaneous and
parallel reception is performed, it is possible to use the
transmission energy effectively, to reduce the side lobe or the
artifact due to multiple reflection, and to generate image data
excellent in sensitivity.

[0165] That is, according to the second embodiment, since
a uniform acoustic transmission field can be formed in wide
area, it is possible to increase the number of directions for
the simultaneous and parallel reception and thus to generate
image data excellent in temporal resolution, spatial resolu-
tion, and detection capability. Since the transmission unit
forming the acoustic transmission field can be embodied
with a simple circuit configuration, it is possible to provide
the ultrasonic diagnostic apparatus and the ultrasound trans-
mitting method excellent in cost performance.

[0166] An embodiment of the present invention has been
described so far, the present invention is not limited thereto.
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Rather, they may be modified in implementing them. In the
embodiments, for example, it has been described that the
acoustic transmission field substantially equivalent to the
acoustic transmission field obtained by combining two driv-
ing pulse groups is formed by controlling the delay time and
the driving amplitude of the single driving pulse group.
However, the transmission condition generation unit 26 or
the transmission condition generation unit 26a may generate
a transmission delay condition and a transmission amplitude
condition for obtaining an acoustic transmission field sub-
stantially equivalent to an acoustic transmission field
obtained by combining 3 or more driving pulse groups.

[0167] For example, a delay time Tta(m) and a driving
amplitude Aa(m) for obtaining the acoustic transmission
field equivalent to the acoustic transmission field obtained
by combining 4 driving pulse groups PL1 to PL4 with a
combination interval 2AM can be obtained by Expression
10.

[0168] On the other hand, although the transmission signal
group has an amplitude distribution based on the Sinc
function in the embodiments described above, but may have
other amplitude distributions. For example, since it is pos-
sible to reduce the influence of the discontinuity at the sides
of the amplitude distribution by multiplying the Sinc func-
tion by a Hamming window function, it is possible to form
a more excellent acoustic transmission field.

Ha(m) = Ao(m)Wolr — to(m)}[expl jew(r — To(=A3M )} + (10)
exp{j(t — to(m — AM )} + exp{jo(t — To(m + AM))} +
expliw(t — 7o(m + 3AM))] =
Aa(m)Wait — ta(m)}expliwlr - am))]
Aa(m) = Ao(m)G
Wajr —taim)} ~ Wolt — ra(m)}

1
Ta(m) = Z(To(m - 3AM) + tom — AM) +

[¢]
Tom + AM) + to(m + 3AM)) - -

G =absfa-couf T TH]_jg ol P02 00 |

0= arg[a- Cos[w{ M }] - i Sin[(u{ M}H

2 2 J
1( To(m — 3AM) — To(m — AM),
a== cos[w{ 3 }] +
cos[w{ To(m + AM) - To(m + ASM)}D
2
p= l(cos[(u{ To(m — 3AM)2— To(m — AM)}] _

cos[w{ To(m + AM) —2 To(m + ASM)}D

To(m — 3AM) + To(m — AM)

Taln) = 5
To(m + AM) + to(m + A3M)
Ta(n) =
2
[0169] In the above-mentioned embodiments, the ultra-

sonic probe 3 and the ultrasonic probe 34 in which the
transducer elements are arranged in one dimension have
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been described, but an ultrasonic probe in which the trans-
ducer elements are arranged in two dimensions may be
employed. The ultrasonic scanning method is not limited to
the convex scanning method and the sector scanning
method, but may employ other scanning methods such as a
linear scanning method and a radial scanning method.

[0170] In the above-mentioned embodiments, there has
been described an example that the reference condition
generation unit 25 or the reference condition generation unit
25a generates the reference delay condition and the refer-
ence amplitude condition and the transmission condition
generation unit 26 or the transmission condition generation
unit 26a generates the transmission delay condition and the
transmission amplitude condition. However, the reference
condition generation unit 25 or the reference condition
generation unit 25a@ may generate at least one of the refer-
ence delay condition and the reference amplitude condition
as the reference transmission condition, and the transmission
condition generation unit 26 or the transmission condition
generation unit 26a may generate at least one of the trans-
mission delay condition and the transmission amplitude
condition as the transimission condition.

[0171] Numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that, within the scope
of the appended claims, the present invention can be prac-
ticed in a manner other than as specifically described herein.

What is claimed is:

1. An ultrasonic diagnostic apparatus for forming an
acoustic transmission field to an object to be examined by
driving a plurality of transducer elements based on reference
conditions including at least one of delay time and driving
amplitude, comprising:

a transmission condition generation unit configured to
generate a transmission condition to form an acoustic
transmission field for simultaneous and parallel recep-
tion by combining the reference conditions;

a transmission unit configured to transmit ultrasound to
the object by driving the transducer elements based on
the transmission condition; and

a reception unit configured to receive reflected ultrasound
from a plurality of directions in the object simulta-
neously and in parallel in response to the transmission
of the ultrasound.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the transmission condition generation unit gen-
erates the transmission condition by combining the reference
conditions corresponding to a plurality of directions.

3. The ultrasonic diagnostic apparatus according to claim
2, wherein the transmission condition generation unit gen-
erates the transmission condition by combining a plurality of
reference conditions relatively shifted in an array direction
of the transducer elements.

4. The ultrasonic diagnostic apparatus according to claim
2, wherein the transmission condition generation unit gen-
erates the transmission condition by combining the reference
conditions corresponding to a plurality of directions having
a predetermined angle to a transmission direction of ultra-
sound..

5. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmission condition generation unit gen-
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erates at least one of a transmission delay condition for
setting delay time of driving signals and a transmission
amplitude condition for setting driving amplitude of the
driving signals in the simultaneous and parallel reception
based on the reference conditions.

6. The ultrasonic diagnostic apparatus according to claim
1, further including a reference condition generation unit,
and wherein the reference condition generation unit genet-
ates at least one of a reference delay condition for setting
delay time of driving signals and a reference amplitude
condition for setting amplitude of the driving signals in the
non-simultaneous and parallel reception.

7. The ultrasonic diagnostic apparatus according to claim
6, wherein the reference condition generation unit generates
the reference amplitude condition based on a Sinc function.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the transmission unit includes at least one of a
transmission delay setting unit for setting delay time of
driving signals and a transmission amplitude setting unit for
setting driving amplitude of the driving signals based on the
transmission condition.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the reception unit sets a plurality of reception
directions corresponding to beam width of the acoustic
transmission field formed by driving the transducer ele-
ments.

10. An ultrasonic transmission method, comprising:

generating a transmission condition for simultaneous and
parallel reception by combining reference conditions
including at least one of delay time and driving ampli-
tude for transmitting ultrasound to a plurality of direc-
tions;

generating driving signals based on the transmission
condition;

forming an acoustic transmission field for simultaneous
and parallel reception by driving a plurality of trans-
ducer elements with the driving signals.

11. The ultrasonic transmission method according to
claim 10, wherein generating the reference conditions is
provided before the generating of the transmission condi-
tion.

12. The ultrasonic transmission method according to
claim 10, wherein the generating of the transmission con-

Feb. 15,2007

dition is performed by combining the reference conditions
corresponding to a plurality of directions.

13. The ultrasonic transmission method according to
claim 12, wherein the generating of the transmission con-
dition is performed by combining a plurality of reference
conditions relatively shifted in an array direction of the
transducer elements.

14. The ultrasonic transmission method according to
claim 12, wherein the generating of the transmission con-
dition is performed by combining the reference conditions
corresponding to a plurality of directions having a prede-
termined angle to a transmission direction of ultrasound.

15. The ultrasonic transmission method according to
claim 10, wherein the generating of the transmission con-
dition comprises generating at least one of a transmission
delay condition for setting delay times of the driving signals
and a transmission amplitude condition for setting ampli-
tudes of the driving signals in the simultaneous and parallel
reception based on the reference conditions.

16. The ultrasonic transmission method according to
claim 11, wherein the generating of the reference conditions
comprises generating at least one of a reference delay
condition for setting delay times of the driving signals and
a reference amplitude condition for setting amplitudes of the
driving signals in the non-simultaneous and parallel recep-
tion.

17. The ultrasonic transmission method according to
claim 16, wherein the generating of the reference condition
comprises generating the reference amplitude condition
based on an Sinc function.

18. The ultrasonic transmission method according to
claim 15, wherein the generating of the driving signal is
performed based on the transmission delay condition or the
transmission amplitude condition of the transmission con-
dition.

19. The ultrasonic transmission method according to
claim 10, wherein the forming of the acoustic transmission
field is performed by driving the transducer elements by
using the driving signals generated based on the transmis-
sion condition.
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